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Essential to different microalgal applications is to obtain the best growth and therefore the 
highest biomass production for any given species, or to find a species/strain suited to grow in 
the physio-chemical variables given.  
 
This can be achieved only via the determination of an optimal or suited combination of media 
and environmental conditions (pH, temperature, etc.) for each specific species/strain. A new 
microplate screening method was evaluated on the mixotrophic species Chlorella 
protothecoides.  
 
The microalgal growth potential and this method was tested on three industrial waste 
streams: wet oxidized anaerobic digested (WOAD) cow manure, water from potato flour 
production and crude glycerol residue from biodiesel production.  

Introduction 

Holdt SL*, De Francisci D, Borch MM, Angelidaki I (*corresponding author: suho@env.dtu.dk) 

 Develop a fast screening method to test media (or a combination) and algal species/strain growth  

 Test algal growth in microplates and the microplate reader´s performance  

 Asses the best way to fit and transform the large amount of algal growth data to specific growth 
rates (SGR) 

 Find the optimal media or combination for the mixotrophic species Chlorella protothecoides in this 
case study with the industrial waste streams: wet oxidized anaerobic digested (WOAD) cow 
manure, water from potato flour production and crude glycerol residue from biodiesel production  

 Evaluate the fast screening method for future use in a screening process 

Aims 

Results 

 The algae could be cultivated in microplates (working volume of 2 mL)    
(Figure 1 and 3). Different wastes and combinations espressed different 
pigments/colours (Figure 3) 

 The microplate reader gave large amount of data in short time  

 The manual and algorithm fit of the growth data were evaluated, and the 
manual fit was the most precise and gave the largest (SGR)(Figure 2)  

 According to the toxicity tests, the concentrations for optimal growth 
were <4% for WOAD cow manure, <25% for potato water and <4% 
for glycerol (data not shown) 

 The results showed that the highest specific growth rate (0.085 h-1) 
was obtained on 4% potato water, compared to 0.11 h-1 for the 
reference medium (Table 1) 

Conclusions Materials and Methods 
The microalgal species C. protothecoides stock was maintained in modified UTEX Bristol-
proteose-peptone recipe with addition of yeast extract and vitamin (10 times conc. similar 
to L1-vit). 
 

The microalgal growth potential was tested on three industrial waste streams: wet oxidized 
anaerobic digested (WOAD) cow manure, water from potato flour production and crude 
glycerol residue from biodiesel production.  
 

The working volume used where 2mL of the total 3,4 mL volume of the wells. The wells 
were covered by a breathable membrane (Nalgene Nunc) and fixed to a shaker (175 rpm) 
with fixed light below the microwells to give an even distribution of light (15w fluorescent 
GroLux from Silvana, 100 µM photons m-2h-1, 24 h light), and in an incubator at 28°C for 
166h of experiment. 
 

The screening method included the evaluation of the toxicity (and therefore the optimal 
concentration) of each waste on the growth of C. protothecoides, and eventually the 
determination of the best combination of the three waste water streams.  
 

The growth performance was determined by optical density (720 nm) measured by a 
Synergy Microplate Reader (BioTek). The data generated was transformed to SGR by 
automated logarithm GroFit package and manual fit, and these methods were compared.  
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Figure: 2 Two examples of the grofit R algorithm output  
(a): Example of high growth with a good fit from Richards model compared to the Spline fit. 

Growth media was WOAD: 3%, pot: 25% , gly: 2,5%  
(b): An example of an under fit. Growth media was WOAD: 0%, pot: 75% , gly 0%.  

Figure 1: Microplate 
growth curve example 
from microplate mix6, 
mean of triplicate values. 
Legends: the first is the 
experiment number, then 
the waste concentration 
thus, "29exp-3-25-2.5" 
have 3% WO-manure, 25% 
potato water and 2.5% 
glycerol. The average std. 
deviation of the triplicates 
is 0.055. 

Table 1: Concentrations of 
the waste waters in 
combinations as media for 
the microalgae Chlorella 
protothecoides cultivated 
and screened in microplate 
wells. Furthermore the OD-
increase (maximum OD720 
recorded) is mentioned and 
the specific growth rate in 
the different waste water 
combinations. The results 
are the 15 highest specific 
growth rates out of 336 
microplate waste water 
combinations, and only the 
mean values of three 
replicates are given.  

Figure 3: A representative picture of the color difference in the 
microalgal cells of Chlorella protothecoide cultivated in different waste 
waters and combinations. The different colors yellow, orange, dark and 
light green, are represented by the pigments lutein, carotene, and 
chlorophylls in different concentrations and combinations. 

The following conclusions can be made from this study: 

 The low volume and microplate reader gave large amounts of data of algal growth fast and 
without much space consumed in a laboratory  

 Validation showed that the GroFit program was faster and acceptable, but the manual fit 
more accurate transforming the algal growth data into SGR 

 The toxicity, highest SGR of the algae, and the best combination of waste waters for the algal 
growth could be found by this developed method.  

The developed screening method proved to be fast, accurate and reliable for the evaluation of a 
given species/strain, of the growth potential of media with different characteristics, 
expanding our ability to test different growth conditions. The method can find immediate 
application in wastewater treatment, biorefinery concepts, carbon sequestration schemes 
and bioenergy  
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