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Abstract 16 

The objective of this study is to determine the lighting conditions for an optimal 17 

production of Arthrospira (Spirulina) platensis quantitatively and qualitatively for 18 

the process most commonly used by producers. A design of experiments made 19 

it possible to obtain surface modelling of responses which were validated under 20 

pilot conditions. Spirulina growth, protein and pigment content were modelled as 21 

a function of light intensity and duration of illumination. For each of them, the 22 

optima have been determined: 14h (hours light exposure)/10 Klux (light 23 

intensity) for the growth rate; 11.8h /7.2 Klux for phycocyanin rate; 24 
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6.2Klux/12.6h for chlorophyll rate; 6.6Klux/12.6h for carotene rate. The protein 25 

rate is the lowest when lighting conditions are of 10.6 Klux and 14.4 hours. It is 26 

then possible for the producer to partially obscure the ponds and / or increase 27 

the light intensity using additional lighting. 28 

 29 

Keywords: Response Surface Methodology, Phycocyanin productivity, Proteins 30 

productivity, Arthrospira (Spirulina) platensis. 31 
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1. Introduction 43 

The market of Arthrospira platensis is in full development. The interest for this 44 

microalga comes from its high content of high value proteins, amino acids, fatty 45 

acids, polysaccharides, vitamins and pigments such as phycocyanin, 46 

chlorophyll and β-carotene (Kuddus et al., 2013; Belay, 2002; Pulz and Gross, 47 

2004; Raposo and Morais, 2015). This source of protein and phycocyanin used 48 

as a natural blue dye in food, beverages and cosmetics makes Arthrospira 49 

platensis a promising microalga (Cheah et al., 2015). It is therefore essential to 50 

optimize production: composition of the medium, type of light, mixotrophy, 51 

bioreactor and production process. 52 

Different processes have been developed such as the fed-batch process, batch 53 

culture systems or continuous cultures. The configuration of the photobioreactor 54 

also has an important role on growth. Biomass production increases in parallel 55 

with the area / volume ratio. Although the horizontal photobioreactor (HoP) is 56 

the most efficient system (Da Silva et al., 2016), open raceway ponds remain 57 

the most widely used configuration for the commercial production of Arthrospira 58 

platensis due to a better compromise between economic benefits and simplicity 59 

of use (Soni et al., 2017). 60 

Different media were tested for the cultivation of Arthrospira platensis. The 61 

influence of the concentrations of mineral salts (phosphates, nitrates, iron, 62 

NaCl) and pH has been studied (Çelekli and Yavuzatmaca, 2008; Çelekli et al., 63 

2009). Nitrogen is a key parameter, particularly for the formation of phycocyanin 64 

(Boussiba and Richmond, 1980). Chainapong et al. (2012) obtained better 65 

mixotrophy production. The influence of molasses / urea concentration was 66 
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modelled by Setyoningrum and Nur (2015). However, the Zarrouk environment 67 

(Pragya et al., 2013; Zarrouk, 1966) remains the most commonly used medium 68 

at present. 69 

It has been reported that the quality, intensity and duration of light are important 70 

factors in the production of microalgae (Sudhakar et al., 2012; Novoveskáa et 71 

al., 2016). For Arthrospira platensis, the effects of light intensity and light 72 

temperature have been well studied (Pandey et al., 2011). An excess of light 73 

causes a phenomenon of photooxidation. The cell concentration increases with 74 

the intensity of light until reaching a maximum threshold value beyond which 75 

damage to the cellular photosynthetic apparatus is observed (Bezerra et al., 76 

2012). The optimal conditions seem to approach 5000 lux for the intensity. The 77 

phenomenon is complicated by the fact that the depth of the culture medium to 78 

be crossed limits the quantity of light absorbed by the cells (Converti et al., 79 

2006; Rodrigues et al., 2010). A turbulent mixture is therefore essential for high 80 

biomass productivity (Chisti, 2016). In practice, we agree on optimal mixing 81 

speeds between 5 and 60 cm / s. Chen et al. (2010) modelled the effect of light 82 

temperature on the composition of Arthrospira platensis. They showed that red 83 

light promotes growth, yellow light chlorophyll and blue phycocyanin. The effect 84 

of photoperiod on growth and the composition of the biomass of Arthrospira 85 

platensis are less well-known. Works on other microalgae such as Chlorella 86 

vulgaris showed that photoperiod qualitatively influences growth and protein 87 

compositions, chlorophyll and carotene (Seyfabadi et al., 2011; Khan and 88 

Srivastava, 2003). 89 
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Our study aims to provide industrial producers of Arthrospira platensis using the 90 

open raceway ponds, the tools to optimize the production of biomass, proteins 91 

and pigments. The use of an experimental design accompanied by a response 92 

surface modelling allows refining the optimal conditions of production with 93 

greater precision, taking into account the possible interactions between the 94 

luminous intensity and the duration of this luminous phase. Such a study can 95 

help producers to modulate lighting conditions quantitatively according to the 96 

targeted cellular constituents. 97 

 98 

2. Materials and methods 99 

2.1. Strain and culture medium 100 

Arthrospira platensis is one of the Lonar type and was obtained from the Hyères 101 

horticultural school which provides the professional partner (Spiruline des Hauts 102 

de France, Route de Pernes, 62550 Valhuon). 103 

A standard Zarrouk culture medium (Zarrouk, 1966) containing (g/L): NaHCO3: 104 

8; NaCl: 5; KNO3: 2; K2SO4: 1; MgSO4: 0.2; NH4 PO4: 0.2; CaCl2: 0.1; 105 

CO(NH2)2: 0.01; FeSO4: 0.001 was used for the cultivation of Arthrospira 106 

platensis. The pH was adjusted at 10 using NaOH and then autoclaved for 20 107 

minutes at 121° C. 108 

2.2. Experimental design 109 

Arthrospira platensis was seeded at a concentration of 0.12 mg / mL of dry 110 

matter in flasks (Corning 175 cm2, cell flask 431080) containing 175 mL of 111 

medium. The cultures were fed with CO2 and homogenized by bubbling at 6.56 112 

mL / min (99/1 air / CO2). The temperature was regulated in a hot chamber (air 113 
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stirred at 30 ° C, +/- 1.2 ° C). The Central Composite Designs was established 114 

using Minitab 18. The 5 levels (coded levels: -ɑ, -1, 0, + 1, + ɑ) correspond to 115 

photoperiods (light/dark photoperiod) at 5h/19h, 7.4h/16.6h, 11h/13h, 116 

14.6h/9.4h, 17h/7h and to light intensities to 530lux (10 µmol photons.m-2.s-1), 117 

3200lux (59 µmol photons.m-2.s-1) , 7200lux (132 µmol photons.m-2.s-1), 118 

11200lux (205 µmol photons.m-2.s-1), 13870lux (254 µmol photons.m-2.s-1 ). The 119 

light intensity (OSRAM luminux Cool Daylight 6500K) received by each flask 120 

was measured in lux (BK lightmeter precision 615) and converted to photon in 121 

µmol.m-2.s-1 using the conversion factor of 18.3 corresponding to Cool Daylight 122 

3500K (AGi32, photosynthetic Photon Flux Density, concepts). For the sake of 123 

reproducibility of the experimental conditions (inoculum, temperature and 124 

location under the light source) all of the growth kinetics of the experimental 125 

design were carried out simultaneously in the different flasks and the location 126 

under the lamps was randomized after each sample. 127 

2.3. Growth monitoring 128 

For each flask, biomass growth was monitored daily by measuring the optical 129 

density (OD) at 560 nm using a spectrophotometer (Varian Cary 100 Bio) and 130 

Nephelometric Turbidity Unit (NTU) measurement using a turbidimeter (Hanna 131 

Instruments HI88703). The correlations between the biomass (dry weight 132 

expressed in g.l-1) and turbidity were established as follows: Biomass = 0.61 x 133 

OD560 and Biomass = 4.6.10-4 NTU. The ratios used were determined by 134 

centrifugation of 50mL of suspension for 5 minutes at 5000 rpm. The pellet is 135 

re-suspended in 7 mL of physiological saline and centrifuged again. The pellet 136 

was dried at 110 ° C to estimate the dry weight (biomass). 137 
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For each growth kinetics, the database Sym’Previus was used to determine the 138 

growth rate with the help of the logistic model with delay and rupture (Rosso et 139 

al., 1995). 140 

1 ln � = ln ��  ,                                                                                                , � ≤ 
�� 141 

ln � = ln �
�� − 
� �1 + ��
���� − 1� . ����−μ
���� − 
����  , � > 
�� 142 

2.4. Protein assay in biomass 143 

For each flask, a 0.4 mL sample was taken for protein analysis. The Carbon / 144 

Nitrogen ratio was estimated using a CHN elemental analyser (Flash EA 1112, 145 

ThermoFisher Scientific). Aspartic acid (L-Aspartic Acid Standard, ref 33840023 146 

Thermo Finnigan) was used as a standard to establish the calibration curve. 147 

The sample was dried and injected into the analyser. The results were 148 

expressed as a C/N ratio and converted to a percentage of protein. The protein 149 

rate in biomass of Arthrospira platensis was deduced by using the following 150 

equation: Protein % = 2.75 / (C / N) x 100. The coefficient includes the 151 

characteristics of spirulina platensis proteins (Harriet et al., 2008). 152 

2.5. Phycocyanin extraction and chemical dosing 153 

After thawing, each sample was introduced into 10 ml of 0.1M pH7 phosphate 154 

buffer (Kissoudi et al. 2018). The suspension was treated by sonication for 2 155 

minutes at 50% of maximum power (IKA Laboteknick U200S). After 156 

centrifugation for 10 minutes at 6000 rpm (Hettlic Rotina 380), the supernatant 157 

was filtered with a 0.45 μm GF / C syringe filter. The optical density was 158 

measured (Cary-100 UV-visible spectrophotometer) at 612, 652 and 562 nm. 159 

The total phycocyanin (phycobiliprotein) concentrations were determined using 160 
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the Benett and Bogorad formulas and expressed in mg.L-1 (Bennett and 161 

Bogorad 1973): Total phycocyanin concentration = phycocyanin (c-PC) + 162 

allocyanin concentration (APC)   + phycoerythrin (PE). 163 

2  [c − PC]  = �'(615 − 0.474 × '(652� ÷ 5.34 164 

3  [APC]   = �'(652 − 0.208 × '(615� ÷ 5.09  165 

4  [PE]   = �'(552 − 2.41�67� − 0.849�867� ÷ 9.62  166 

The phycocyanin level is expressed in % P = 100 * ((C * V) / Vc) / DB.  167 

With C: total concentration of phycocyanin (mg / L), Vc: culture volume (ml), V: 168 

volume of extraction solvent (ml) and DB: dry biomass (g). 169 

 170 

2.6. Extraction and chemical dosing of total chlorophylls (a and b) and total 171 

carotenoids 172 

After extraction of phycocyanin, the samples obtained were frozen at -85° C and 173 

lyophilized (lyophilizer Alpha 2-4LD Christ). The chlorophyll pigments and 174 

carotenoids were extracted with 90% acetone (5 or 10mL depending on the 175 

samples). The samples were centrifuged (Hettlich Rotina 380 centrifuge) for 10 176 

minutes at 3000 rpm (until transparency) before reading the absorbance of the 177 

filtrate with a spectrophotometer (UV-visible Cary-100) at 470, 750, 664, 647 178 

and 630 nm. 179 

The concentration of total chlorophylls expressed in mg.L-1 was the sum: Ca + 180 

Cb (Chlorophyll c is not present in Arthrospira platensis) 181 

With: 182 

5 7� = 11.85 × 9664 − 1.54 × 9647 − 0.08 × 9630 183 

6 7: = −5.43 × 9664 + 21.03 × 9647 − 2.66 × 9630 184 
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With Eƛ = ODƛ - OD750 adjustment of the inactive biomass 185 

The concentration of total carotenoids (xanthophylls) is given by the equation 186 

(Lichtenthaler and Buschmann, 2001): 187 

7 7�� + ;��<� =⁄ � = �1000 × ('470 − 1.82 × 7� − 85.027:� 198⁄  188 

2.7. Modelling 189 

The Response Surface Methodology was used to fit the polynomial equations to 190 

the experimental design using Minitab 18. For the modelling of growth rate, 191 

protein content and phycocyanin content, the polynomial equations (surface 192 

modelling of responses) with Box-Cox transformation were established and 193 

analysed on Minitab 18. The surface modelling of responses are plotted using 194 

Excel 16. 195 

2.8. Validation of model and determination of optimal productivity under pilot 196 

conditions 197 

The agreement between the optimal values predicted by the model and 198 

production under industrial conditions was verified using a open raceway ponds 199 

(Figure 1). Optimal light intensity and photoperiod conditions were calculated 200 

using polynomial equations (paragraph: Modelling). Under these conditions, the 201 

kinetics of the biomass, protein and phycocyanin productivities values were 202 

determined experimentally. The production pilot consists of a PVC gutter of 9 203 

cm diameter with a usable volume of 7 L. Four neon lights (OSRAM Luminux 204 

Cool Daylight 6500K) were placed above the gutters. The light intensity was 205 

adjusted by modifying the distance between the surface of the culture medium 206 

and the light source. The intensity measured in lux (BK lightmeter precision 207 

615) was averaged over the entire length of the pilot. The agitation of the 208 
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medium was caused by a blade at the end of a shank fixed on a stirring motor 209 

(Heidolph RZR 2102 Control) (40 rpm) on the model of a paddlewheel. Optical 210 

density and NTU measurement were determined daily and converted in dry cell 211 

mass concentration as explained in the growth monitoring. The evaporation of 212 

the medium was compensated by the readjustment of the level with distilled 213 

water. 214 

3. Results and discussion 215 

Models developed in this work enabled the determination of optimal production 216 

conditions. Their predictive quality has been tested and confirmed on a pilot 217 

scale close to the industrial microalgae culture system.  218 

The experimental values obtained from the experimental design are presented 219 

graphically in Figure 2. The use of a Central Composite Design seems 220 

appropriate because it underlines the center values of the experimental design 221 

which correspond to the optimal values. 222 

These results were obtained thanks to a judicious choice of the experimental 223 

conditions. Other works showed that the protein and pigments composition in 224 

Arthrospira platensis can vary depending on the time of sampling during the 225 

light phase (Hidasi and Belay, 2018). Therefore, it was decided to analyze the 226 

biomass composition in proteins and pigments 4 hours after the beginning of 227 

each lighting phase (Conditions adapted to the constraints of the producer and 228 

to the optimization of the microalgae metabolism). The chosen culture medium 229 

(Zarrouck, 1996) is the most commonly used in industrial production of 230 

microalgae (Pragya et al., 2013). Likewise, it is well established that the 231 

temperature of 30 ° C corresponds to the optimal conditions and that it 232 
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influences the growth and the production of pigment independently of the other 233 

variables (Danesi et al., 2011). As a result, the temperature was not introduced 234 

as a variable in the design of experiments and was kept constant at 30 ° C. 235 

The polynomial equations determined from these experimental values are 236 

collected in Table 1 and the corresponding surface responses are shown in 237 

Figure 3.  238 

The study of the Residual Value (RVs) graphs (histogram of residual values, 239 

Henry's right, and residual values according to adjusted values) shows the 240 

absence of asymmetry and outliers. Despite the low R2 for some polynomial 241 

equations, it is possible to state statistically and visually that the polynomial 242 

equations are superimposed satisfactorily on the experimental values. 243 

For each polynomial equation, a prior modelling (not presented here) showed 244 

for the term Int * Photo the p values (α = 0.05) were greater than 0.9. Moreover, 245 

the Pareto coefficients (significance level of 0.05) showed that the term Int * 246 

Photo could be neglected without statistical risk. The luminous intensity (Int) 247 

and duration of the light phase (Photo) have a significant and independent 248 

effect on growth and spirulina composition. For these reasons and for the sake 249 

of simplicity, the equations presented in this work do not integrate this 250 

interaction. 251 

Equation A (Table1) is used to plot the response surface (Figure 3A). This 252 

equation gives the growth rate of Arthrospira platensis as a function of 253 

photoperiod and light intensity. Growth rates were calculated using the logistic 254 

model, R2 are all greater than 0.98. The growth was slower for lower and higher 255 

intensities of light. The growth was maximum at 10 Klux (183 µmol photons.m-
256 
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2.s-1). For the photoperiod, the growth increased with the duration of the light 257 

phase with a maximum growth for 14h of light exposure. For these optimal 258 

conditions, the growth rate was 0.0218 h-1. Equation B (Table 1) characterized 259 

the protein composition of Arthrospira platensis (percent protein proportion). 260 

Figure 3B shows the corresponding response surface. For a variability which 261 

remained however limited (range of 10%), the production of protein of the 262 

microalgae was noticeably lower for the central values of conditions of 263 

illumination. The protein production was in inverse proportion to the growth. The 264 

optimal conditions were close to the limits of the experimental design for the 265 

extreme values of the two factors. It was therefore difficult to determine the 266 

optimal conditions, on the other hand, it was possible to determine the worst 267 

conditions. The protein rate was lowest for lighting conditions of 10.6 Klux (194 268 

µmol photons.m-2.s-1) and 14.4 hours of light exposure. Under these conditions, 269 

the protein rate was only 35.6%. Equation C (Table 1) corresponds to the 270 

proportion of phycocyanin in percent of the dry weight of Arthrospira platensis. 271 

The surface response graph is shown in Figure 3C. The amount of pigment is 272 

strongly influenced by the light conditions. The pigments concentration of the 273 

biomass for the extreme values of the experimental design was very low, that is 274 

to say photoperiod lower than 5h or higher than 15h and intensity lower than 275 

2Klux (37 µmol photons.m-2.s-1) or higher than 14 Klux (256 µmol photons.m-2.s-
276 

1) . The optimal lighting conditions were 11.8 hours of light exposure and 7.2 277 

Klux (132 µmol photons.m-2.s-1) for a proportion of phycocyanin higher than 278 

4.2%. For the other two pigments, chlorophyll and carotene (Equations D and 279 

E), the response surfaces were similar (Figure 3D and 3E). Reciprocally, the 280 
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following optimal conditions were obtained 6.2Klux (114 µmol photons.m-2.s-1), 281 

12.6h for 0.32% for chlorophyll and 6.6Klux (121 µmol photons.m-2.s-1), 12.6h 282 

for 0.1% of carotene. Results showed that growth, proteins and pigments 283 

production have all different optimal conditions. This work shows that if the 284 

biomass increases with the duration of illumination it is not the same for the 285 

production of proteins and pigments. Pigments (phycocyanin, chlorophyll and 286 

carotenoid) production is optimal when lighting conditions correspond to the 287 

central values of the experimental design contrary to protein production which 288 

requires lower values. Also it is possible to boost a rapid growth by extending 289 

the duration of the light phase at limited intensities. Several authors have 290 

determined the optimal light intensities promoting growth and the production of 291 

pigments. The proposed values differ according to the studies: 2 KLux for 292 

Kumar et al. (2011), 24-60 µmol photons m-2s-1 for Danesi et al. (2011), 5 KLux 293 

for Pandey et al. (2011), 1.6 KLux for Singh et al. (2010) and 60 µmol photons 294 

m-2s-1 for Markou et al. (2012). These differences can partly be explained by the 295 

fact that the majority of studies use only a limited number of intensity levels 296 

without modelling and also by the fact that the color temperatures (in Kelvin) of 297 

lamps used in each study are not similar. In the case of Arthrospira platensis, 298 

no study simultaneously deals with the influence of the intensity of light, of the 299 

photo period on the growth and the composition (protein and pigments) of the 300 

microalga (Niangoran, 2017). 301 

These different models made it possible to determine the optimal production 302 

conditions for each constituent and to bring them together on the same graph 303 

(figure 4) allowing a producer to choose the best compromise according to 304 
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these objectives. This shows the areas for which productivity was higher than 305 

95% of the optimum. The protein and phycocyanin productivity percentages 306 

were determined from equations A, B and C. 307 

Optimums were shown by stars. It was clearly visible in the figure that the three 308 

productivities (biomass, proteins and phycocyanin) were distinctly influenced by 309 

the lighting conditions. It should be noticed that protein productivity was less 310 

depend on the illumination conditions than phycocyanin productivity. The 311 

lighting conditions influence in an acquired way the productivity of proteins, of 312 

chlorophyll, of carotene and phycocyanin. The best production was obtained 313 

when the lighting conditions were 8.3 Klux (152 µmol photons.m-2.s-1) and 12.6 314 

hours of exposure. Under these optimal conditions, a pilot production enabled 315 

us to determine the theoretical values of productivity that could be obtained in 316 

industrial production. Three growth kinetics of Arthrospira platensis (carried out 317 

in triplicate) were performed and the growth rates were determined using the 318 

logistic model with delay and rupture. The average growth rate obtained (0.026 319 

h-1 +/-0.0013) was slightly higher than the growth rate obtained under the 320 

conditions of the model. 321 

The present study has the singularity to determine accurate optimal conditions 322 

of Arthrospira platensis cultivation by simultaneously taking into account 323 

potential interactions and a larger number of levels allowing better 324 

representativeness than other authors do.  Another singularity of this work was 325 

to show that it is justified to take into account the different constituents of 326 

Arthrospira platensis and to make a compromise to determine the optimal 327 

conditions of production. Proteins proportion which composed Arthrospira 328 
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platensis biomass is inverse in proportion to the growth speed which confirms 329 

that a microalga with a fast growth will be less rich in proteins. For producers, 330 

the nutritional quality of their product is really important and this is why it is 331 

necessary to take the different optimums into consideration to determine the 332 

best yield with the highest quality of the product as possible. 333 

4. Conclusion 334 

The results of this work on spirulina production optimization stress on the 335 

importance of considering quantitative and qualitative aspects and 336 

simultaneously studying the various influencing parameters using a response 337 

surface methodology. 338 

The compilation of models proposed in this study enables producers to find their 339 

own optimal conditions adapted to their production system. From a practical 340 

point of view, a producer will be able to control the lighting of his ponds by 341 

shading or supplementing natural lighting with artificial light if necessary in order 342 

to boost qualitatively and quantitatively his production. 343 
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Figure Captions 

 

Figure 1: Sketch of the production pilot (open raceway ponds) at scale 1/40 

used to determine productivity in optimal conditions. A: front section. B: top 

view. C: side section. The culture pond consists of a PVC gutter of 9 cm 

diameter with a usable volume of 7 L. 

 

Figure 2: Experimental values of design of experiments (DOE) obtained for the 

growth rate in hours-1 (A), the protein rate in biomass percentage (B), the 

phycocyanin rate in biomass percentage (C), the chlorophyll rate in biomass 

percentage (D) and the carotene rate in biomass percentage (E) of Arthrospira 

platensis as a function of the luminous intensity in Klux and the duration of the 

light phase in hours on a period of 24h. 

 

Figure 3: Response-Surface model representing the growth rate in hours-1 (A), 

the protein rate in biomass percentage (B), the phycocyanin rate in biomass 

percentage (C), the chlorophyll rate in biomass percentage (D) and the 

carotene rate in biomass percentage (E) of Arthrospira  platensis as a function 

of the luminous intensity in Klux and the duration of the light phase in hours on 

a period of 24h. The graphs A, B, C D and E are respectively corresponding to 

the equations A, B, C D and E. 

 

Figure 4: Graphical representation of conditions (light intensity and duration of 

light phase) for which growth rates, protein levels and phycocyanin levels are 
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higher than 95 percent of the maximum value. Stars represent the optimal 

conditions of productivity. 
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Table 

 
 
Table 1: 
 

Polynomial equations 
Equation A : Growth rate (h-1) = - 0.01926 + 0.003303Int + 0.00352Photo - 0.000166Int2 - 0.000107Photo2 
Equation B : Ln(Protein rate)(% of biomasse)= 4.284 - 0.0552Int - 0.0584Photo + 0.00259Int2 + 0.00204 Photo2 
Equation C : Phycocyanin rate (% of biomasse) = - 10.97 + 1.013Int + 1.957Photo - 0.0705Int2- 0.0830 Photo2 
Equation D : Chlorophyll rate (% of biomasse) =√(-0.734 + 0.0699In t+ 0.1720Photo - 0.00567 Int2 - 0.00681 Photo2) 
Equation E : Carotene rate (% of biomasse) =√(-0.486 + 0.0509Int + 0.1030Photo - 0.0038 Int2 - 0.00422 Photo2) 

 

Equation   A Equation  B  Equation C  Equation D  Equation  E 

Box-Cox λ = 0.5 Box-Cox λ = 0 Box-Cox λ = 1 Box-Cox λ = 0,5 Box-Cox λ = 0.5 

Term Coefficient P   Coefficient P   Coefficient P   Coefficient P   Coefficient P 

Constant -0.01926 0.000 4.284 0.000 -10.97 0.000 -0.734 0.000 -0.486 0.000 

Int 0.003303 0.003 -0.0552 0.005 1.013 0.965 0.0699 0.048 0.0509 0.297 

Photo 0.00352 0.001 -0.0584 0.024 1.957 0.046 0.1720 0.006 0.1030 0.034 

Int² -0.000166 0.012 0.00259 0.045 -0.0705 0.001 -0.00567 0.003 -0.0038 0.004 

Photo² -0.000107 0.116 0.00204 0.159 -0.0830 0.001 -0.00681 0.004 -0.00422 0.007 

R2 (%) 91.93     85.31     90.33     90.19     85.56  

 

 

 

Table 1: Polynomial equations determined by using MiniTab 18 software 

simulating growth rate (equation A), protein rate (equation B), phycocyanin rate 

(equation C), chloropyll levels (equation D) carotene rate (equation E) of 

Arthrospira platensis as a function of the light intensity and the duration of the 

light phase. 

 






