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Abstract 

 

This work focused on Arthrospira platensis (Spirulina) production: medium recirculation 

and optimization of its composition.  

The productivity of Spirulina culture in raceway with renewal rates between 50 and 54% 

and medium recirculation rates between 63 and 83% was analyzed over time. 

The elemental composition of the recycled culture medium was examined to ascertain if 

the nutrient medium recipe was suited to the cultivation system used. 

It was concluded that Spirulina can be cultivated with medium recirculation for at least 36 

days without productivity loss. An adjustment to the nutritive medium recipe was suggested to 

better fit the nutritional needs shown by the culture. 

 

Key-words: Arthrospira platensis; Microalgae; Pilot scale; Productivity; Recirculation of 

culture medium; Spirulina 

____________________________________________________________________________ 

 

1. Introduction 

 

Arthrospira platensis (Spirulina) is a 

multicellular, filamentous, photosynthetic, 

gram-negative and non-toxic 

cyanobacterium so it has the capacity to do 

photosynthesis using sunlight and carbon 

dioxide as energy and carbon sources, 

respectively, to produce carbohydrates and 

proteins and release oxygen that was 

produced during the process (Belay, 2002; 

Charpy, José, & Alliod, 2008).  

At a morphologic level, the cells of 

Spirulina can form filaments that can be 

linear (filaments constituted by juxtaposed 

cells) or spiral having both dimensions of 

100-250 µm (Figure 1). The filaments can 

have 10 to 12 µm of diameter and when in 

a spiral form, filaments have 6 or 7 spires. 

The common name of this cyanobacterium 

derives precisely of its spiral form.  
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Figure 1: Linear and spiral filaments of Arthrospira platensis 

(magnification of 40 x). 

Arthrospira platensis is also 

symbiotic and extremophile, more precisely 

basophile since growth can occur at pH 

between 8.5 and 11.5. However, the best 

pH range for growth is between 9 and 10 

(Charpy et al., 2008; Jourdan, 2006). 

Therefore, Spirulina cells develop better in 

hot, alkaline waters, rich in nutrients with 

phosphorous and nitrogen. However, it can 

also grow in waters with some salinity 

(Charpy et al., 2008; Tietze, 2004). (Charpy 

et al., 2008; Tietze, 2004). On the other 

hand, the risk of contaminations in cultures 

of Spirulina is lower because there are few 

microorganisms that can grow in this pH 

range (Jourdan, 2006). 

In relation to temperature, Spirulina 

grows well in a range of temperatures 

above 10 ºC and below 40 ºC, however the 

best temperature range for growth is 

between 25 ºC and 37 ºC (Charpy et al., 

2008; Jourdan, 2006; Vonshak, 2002). 

The culture medium is the support 

medium to maintain the viability of the 

microorganisms present in a certain 

biological sample. A culture of microalgae 

contains the culture medium and the 

microalgae cells. The culture medium is 

usually an aqueous solution of mineral 

salts.  

The nutritive medium refers to a 

concentrated solution that contains the 

necessary nutrients for 

reproduction/multiplication of microalgae of 

a culture. The principal compounds present 

in the nutritive medium are nitrogen, 

phosphorous and other mineral salts. 

Culture medium recirculation is by 

definition the process by which culture 

medium, after harvesting of the biomass, is 

reintroduced in the cultivation system. In 

this way, the medium recycling strategy is a 

simultaneous process of culture dilution and 

recycling of culture medium. This process 

allows the utilization of previously 

unconsumed nutrients and the saving of a 

great amount of water. 

When this strategy is not applied, all 

the removed culture medium is rejected 

which implies that the same amount of 

fresh medium must be introduced in the 

system. Failure to use this strategy leads to 

increased cultivation costs due to the large 

amount of reagents, nutrients and water 

used. 

In large scale microalgae cultivation, the 

reuse of culture medium becomes 

essential, particularly in culture media 

which involve and require special 

conditions/compounds and, consequently, 

higher expenses (Gaspar, 2014). 

On the other hand, this strategy 

frequently leads to a loss of productivity, 

which is thought to be related to nutrients 

and metabolites ratios in the medium which 

might be altered by reactions occurring 

during cultivation, leading to toxic 

metabolite build-up that can be a limiting 

growth factor when present in excessive 

concentrations. Other factors that can be 

related to the productivity loss are: cellular 

debris accumulation (e.g. plasmatic 

membrane released to culture medium after 
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cellular lysis may induce the aggregate 

formation and trapping microalgae cells 

inside) or predator contaminations (e.g. 

protozoa, fungi and bacteria). 

Considering all these aspects, 

recirculation strategy must be carefully 

tested and optimised for each specific 

microalgae species and system conditions 

and the harvesting strategy to separate 

cells from culture medium should be 

optimised in order to avoid the 

accumulation of organic matter in the 

culture (Depraetere et al., 2015; Rodolfi, 

Zittelli, Barsanti, Rosati, & Tredici, 2003; 

Yang et al., 2011). 

 

2. Materials and Methods 

 

2.1 Cyanobacterium 

 

The cyanobacterium selected for this 

work was Arthrospira platensis. The strain 

was kept isolated and free of contaminants 

in the algae collection of A4F. 

 

2.2 Conventional Raceway 

 

The experiment took place in a 

conventional raceway with a work volume 

of 670 L between May 19
th
 and June 24

th
 

2016 at A4F facilities. The reactor was 

inoculated with 60 L of culture. The 

temperature was controlled by evaporation 

and the pH set point was maintained 

between 9 and 10. Every day the volume 

evaporated was replaced by tap water. The 

mixture and circulation are secured by a 

recirculation paddlewheel that operates 

continuously. 

 

2.3 Culture medium formulation 

 

The culture medium used to cultivate 

Arthrospira platensis in A4F cultivation 

systems is the result of an optimisation 

work done in the company. The initial 

culture medium used for this optimization 

(SAG medium) results of a mixture between 

two different solutions: SPIR-1 and SPIR-2 

and was modified according (Aiba & 

Ogawa, 1977). 

Table 1 provides ranges of variation 

in the concentration of each reagent 

between the reference recipe and the 

recipe developed by A4F for culture 

medium. 

 

2.4 Operational Procedure 

 

2.4.1 Renewal with direct 

recirculation 

 

According to the desired rate of 

renewal, the culture volume was harvested, 

filtered in a microfiltration membrane 

system and the exhaust culture medium 

volume was added back to the cultivation 

system. 

Since the yield of microfiltration is not 

100%, a certain volume of fresh culture 

medium was added for make-up, as well as 

the nutritive medium in accordance to the 

intended nitrate ion concentration. 
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Table 1: Comparison between the reference and 
recipe developed by A4F according to the 
optimization assay performed. 

 

2.5 Analytical Methods 

 

2.5.1 Microscopic Observation and 

Determination of nitrate ion 

concentration 

 

A standard production procedure that 

included microscopic observations and 

nitrate concentration measurements was 

applied to the culture, enabling the 

detection of anomalies which could have 

impact on culture growth.  

 

2.5.2 Determination of culture 

concentration: Dry Weight (DW) 

 

For this method the moisture 

analyser was used to heat the sample at 

180 ºC and measure the dry weight in g/L 

(Equation 1).  

 

           
       

    
 

 

Equation 1: Determination of dry weight (where 
DW: dry weight in g/L; mF: mass of biomass and 
filters after filtration in g; mI: mass of filters 
before filtration in g; Vol: volume of the sample 
dried in L). 

2.5.3 Determination of the culture 

areal productivity 

 

Culture areal productivity (AP) was 

calculated for each cultivation day and 

according to Equation 2 was determined in 

(g DW. m
-2

.day
-1

). 

 

    
                              

      
 

 

Equation 2: Determination of culture areal 

productivity (where VP: volumetric productivity in 

g DW/L/day; Vculture: volume of the culture 

present in the cultivation system in L; A: area 

exposed to incident radiation in m
2
). 

 

3. Results and Discussion 

 

The purpose of the study was twofold; 

first, to verify if a Spirulina culture could be 

maintained in good productivity conditions 

in a cultivation system where the culture 

medium was being recirculated; and 

second, whether the nutritive medium 

formulation used at the time was indicated 
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for this cultivation system. Throughout the 

course of this assay, dry weight 

measurements were taken from the 

Spirulina culture of raceway with 670 L; its 

culture medium was recirculated according 

to resources availability and production 

needs. 

These measurements were used to 

calculate culture productivity in each period 

of time between two renewals - renewal 

cycle - and depict the evolution of the 

culture during the assay. 

To identify possible productivity 

changes caused by incident radiation, this 

parameter was also taken into account. 

At the end of the assay, a culture 

sample was collected. This sample and the 

media elemental composition was 

assessed and compared to the culture 

medium recipe to examine the nutritive 

medium suitability for conventional raceway 

cultivation of Spirulina. 

 

 

 

 

 

 

Table 1: Summary of the most relevant aspects 
of each renewal cycles performed and that 
influenced the productivity analysis. 

3.1 Productivity analysis of 

Spirulina culture using recycled culture 

medium 

 

Throughout this assay three renewal 

cycles with different duration were 

examined, as the decision of harvesting a 

culture was made according to culture 

evolution and state. In Table 2 the renewal 

cycles which were analysed in this assay 

are summarized. 

By observing Table 2, it is possible to 

verify that 2
nd

 renewal cycle had a lower 

renewal rate and the amount of medium 

that returned to the RW was lower (lower 

recirculation rate) too. 

During the assay, culture 

temperature and pH remained within 

acceptable range for growing A.platensis.  

To verify if the productivity depended 

of the incident radiation, two graphs were 

compared (Figure 2 and Figure 3). 

 

Figure 2: Average areal productivity (g/m
2
/day) 

in each renewal cycle in conventional raceway. 
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Figure 3: Average areal productivity per unit of 

incident radiation ((g/m
2
/day)/(MJ/m

2
)) in each 

renewal cycle in conventional raceway. 

 

The results of the Figure 2 show that 

the AP remained constant throughout the 

assay with the exception of the cycle 0 that 

presents a lower productivity. To better 

understand which were the factors that had 

influence in the obtained results, a graph 

(Figure 4) based on the values of the 

different parameters of each renewal cycle 

was drawn.   

The results of the Figure 4 can 

corroborate that the cycle 0 presents a 

lower productivity while the last three cycles 

are very similar to each other. The different 

parameters were maintained approximately 

constant for these three cycles. 

 

Figure 4: Different parameters of cultivation for 

each renewal cycle: green- average radiation 

(MJ/m
2
); blue- average DW (g/L)- secondary 

vertical axis; red- average AP (g/L)- vertical axis; 

purple- specific growth rate (day
-1

). 

 

It is possible to remark that the culture 

productivity increased when the first 

recirculation was performed. 

The fact that the average AP and 

specific growth rate have the same 

constant progress in consecutive renewal 

cycles evidences that the culture kept the 

same overall healthy condition for the same 

cycles. 

This finding concurs with the 

hypothesis of culture growth not being 

limited by recirculation of the culture 

medium. 

 

3.2 Elemental analysis of fresh and 

recycled culture medium 

 

Firstly, to perform the comparison 

between the fresh sample and recycled 

medium sample collected at the final of 3
rd

 

renewal cycle, to the elemental composition 

corresponding to the fresh culture medium, 

the elemental concentrations of the nutritive 

medium were added, according to the 

nitrate concentration obtained from the 

elemental composition of the recycled 

medium (see Table 1). 

These are the values that would be 

expected to be observed in the recycled 

medium sample if there were not more 

inputs to the cultivation system, if there 

were not any outputs and if the microalgae 

did not produce or consume nutrients. 

Thus, these values become the most 

suitable to compare with the values of the 

elemental analysis obtained for the recycled 

medium sample. 

The variation between fresh medium 

and recycled medium is shown in Table 2. 

Only elements which are considered 

relevant for microalgae production were 
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taken into account in this analysis. Also, 

only variations above of 30% in absolute 

value were considered relevant, and 

therefore pointed out. 

Comparing to the composition that 

was expected (fresh medium + nutritive 

medium), the recycled medium had an 

excessive concentration of calcium, 

molybdenum and manganese and a slight 

excess of phosphorous, copper and cobalt. 

 

Table 2: Percentage of concentration 

variation between fresh medium and recycled 

medium. Only variations which were equal or 

superior to 30% in absolute value were 

considered relevant and therefore specified 

 

The variations between calcium, 

molybdenum and manganese 

concentrations in the fresh medium and 

recycled media were, respectively, five-, 

two- and one- fold higher in the recycled 

medium. On the other hand, the recycled 

medium had a little shortage of sodium, 

bicarbonate and chloride. Boron, zinc, iron 

and magnesium were being depleted faster 

than the other elements that present a 

negative variation. In fact, magnesium, iron 

and zinc were practically exhausted from 

the recycled medium, meaning that these 

elements could be regarded as limiting 

nutrients in this cultivation. The variations 

between magnesium, iron and zinc were 

thirteen-, nine- and two- times lower in the 

recycled medium, respectively. 

Calcium is the element that presents 

the major positive variation between fresh 

and recycled medium. This fact can be 

explained considering calcium’s 

characteristics – it is an element that can 

easily precipitate in the culture medium 

when replaced of water volume evaporated 

was done by tap water. 

This water source contains a 

considerable amount of calcium in its 

composition, and the culture received 

calcium only from this source.  

The calcium can precipitate in the 

form of Ca3(PO4)2 or in the form of CaCO3 

during daily additions of freshwater to 

compensate the evaporation losses. This 

phenomenon results in the reduction of 

alkalinity and to a certain extent loss of iron 

from the system (Vonshak, 2002). 

Calcium possesses an important 

structural role in cyanobacteria. Throughout 

this assay no structural problem was seen 

under microscope observation. Hence, the 

results suggest that Arthrospira platensis 

culture consumed little and just the 

necessary amount of calcium and that its 

presence in the recycled medium sample is 

due to accumulations during the assay. 

The calcium accumulations can be in the 

form of the exopolysaccharide Calcium-

Spirulan since it was possible to observe a 
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polysaccharide on the bottom of the RW 

after one week and a half from the date of 

recycled sample collecting (Belay, 2002; 

Hayashi & Hayashi, 1996; Pinotti & 

Camilios Neto, 2004). 

Concerning molybdenum (this 

element is used to help nitrogen 

absorption), its concentration in fresh and 

recycled medium is not very high, however 

it is possible to observe a significant 

positive variation between both 

concentrations. Taking into account that the 

amount of molybdenum is low in the 

nutritive medium, this variation seems to 

have been caused by a low consumption of 

this element by the culture, which can lead 

to the accumulation observed. 

To better understand how the 

accumulation of the elements with positive 

variations occurred throughout the assay 

and according with each renewal cycle, it 

would be necessary to perform a set of 

elemental analyses of samples of 

recirculated medium at the end of each 

cycle. 

With the results obtained in mind, 

there are some changes that could be done 

in the nutritive medium recipe in order to 

optimize it for cultivation systems with 

recycling of the culture medium: 

Because magnesium, iron and zinc are 

important nutrients for Spirulina and given 

that these elements could be regarded as 

limiting nutrients, their concentrations in the 

recipe should be increased. Magnesium is 

a fundamental macronutrient used for 

chlorophyll production. The fate of iron in 

the alkaline medium of Spirulina culture is 

poorly understood, but it can be associated 

to the production of cytochromes (Vonshak, 

2002). Zinc also has an important role in 

metabolic processes taking place in cells 

(Richmond, 2004). 

Calcium, molybdenum, copper, 

phosphorous and cobalt were accumulating 

in the medium. Even if none of them 

exceed a concentration value which has 

been reported as toxic for some 

microalgae, all the elements should have 

their concentrations reduced in the medium, 

especially the calcium and the 

molybdenum. To decrease the amount of 

calcium, the use of another water source 

(softer) is suggested. To decrease the 

amount of the rest of the elements, a direct 

reduction in the nutritive medium is 

suggested.  

This strategy has the objective of 

avoiding  future toxic accumulation of any of 

them in the culture medium and also 

generate savings in the culture medium 

costs, since nutrients costs can correspond 

to 15-25 percent of the total production 

costs (Vonshak, 2002). 

Actually detailed knowledge of the 

nutrient uptake kinetics of Spirulina in pilot 

and large-scale open ponds systems and 

the fate of certain nutrients in the high pH of 

the medium is lacking. When such 

information is available, it will help to 

minimize nutrient costs or increase 

productivity, without a doubt. 

Of the analysis and comparison 

between the elemental compositions of 

fresh and recycled medium during this 

project, a reformulation of the nutritive 

medium is suggested to fit the needs of a 

raceway with medium recirculation, as 

displayed in Table 3. To sum up, it is 

possible to say that it is possible to cultivate 
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Arthrospira platensis at a pilot-scale in a 

raceway with medium recirculation without 

productivity loss during at least 36 days, if 

the medium described in Table 1 is used. 

With the adequate alterations to the 

nutritive medium and water used an 

increase of cultivation period maintaining at 

least the same productivity is expected. 

However, an increase of productivity can be 

anticipated as limiting nutrients become 

more available for microalgae growth. 

 

Table 3: Suggestion of reformulation of nutritive 
medium put forward in Table 1.Comparison 
between the reference recipe developed by A4F 
and the suggestion of nutritive medium 
according to the assay performed. 

 

 

4. Conclusions and Future 

Work 

This study indicates that it is possible 

to cultivate Arthrospira platensis in a pilot-

scale cultivation system, especially in 

conventional raceways, with medium 

recirculation for at least 36 days with 

recirculation rates between 63 and 83%.  

Despite the high values in the 

renewal and recirculation rates, the results 

lead to the conclusion that for Spirulina 

cultures there were no losses in culture 

productivity due to medium recirculation as 

performed in this work. 

Results of this assay show that some 

elements were lacking or in excess in the 

recycled medium, which indicate that these 

elements were being added to the culture 

medium through nutrients or make-up water 

in an unbalanced proportion when 

comparing to their consumption rates by the 

culture of A. platensis. 

Therefore, and to avoid toxic effects 

and future nutrient constraints, it is 

recommended the use of a softer water to 

replace the water volume evaporated and it 

is also recommended to perform some 

adjustments in the nutritive medium recipe. 

This conclusion led to the 

optimization of the nutritive medium recipe 

in cultures of Spirulina platensis. 

With the end of this project, it 

becomes evident that there is still much 

work to be done to better understand the 

behaviour of Arthrospira platensis. 

Future research should include some 

assays that are described below: 

-New assay of medium recirculation 

of Arthrospira platensis production in 

conventional raceway, using the recipe 

obtained with this project as culture 

medium; 

-Test in the laboratory (controlled 

radiation conditions) to compare the 

productivity using optimized medium from 

A4F and the productivity with the medium 
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published in the literature (where 

benchmark productivity data is published). 
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