
  
Abstract—The cultivation of Ankistrodesmus sp. was carried out 

in 160-180 L flat panel airlift photobioreactors where the design 
effect of reactor configuration. i.e. reactor width (20, 30, 40 and 50 
cm) and unaerated liquid heights (50 and 60 cm), operated under 
typical Thailand climate conditions. The configuration on the flat 
panel airlift photobioreactor had an influence on fluid flow behavior 
which then affected algal growth. Ankistrodesmus sp. appeared to 
grow best in reactor with the width of 50, followed by those with 40, 
30 and 20 cm, respectively, whereas the unaerated liquid height of 
50 cm provided a better growth than that at 60 cm. Protein was the 
major composition (35-45% wt) of algal biomass followed by lipid 
(28-39 % wt), and carbohydrate (17-36 % wt). 
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I. INTRODUCTION 
LGAE are unicellular microorganisms with high 
chlorophyll content and use carbon dioxide in the 

photosynthesis process. Algae have attracted much interest as 
an alternative for several natural chemicals such as 
carbohydrates, proteins, vitamins, minerals, and antioxidants. 
Some algae can accumulate a large quantity of oil which is 
considered to be one of the future possible alternatives fuel 
source. With proper control of environment, algae can grow 
with a faster growth rate than other plants. Ankistrodesmus 
sp. is a species of green photoautotrophic and unicellular 
green microalga. Ankistrodesmus gracilis can accumulate 
total lipid content up to 24%, and 47 to 70% protein and over 
5% carbohydrate. Often these nutritional compositions could 
be altered with the nutrient adjustment. For instance, limiting 
nitrogen source could reduce protein content whereas 
carbohydrate and lipid contents could be promoted through 
phosphorous limitation.  
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Airlift photobioreactors have been proven to be an effective 
alternative for the cultivation of microalgae [1]-[3]. This is 
due to several main advantages over the other types of 
reactors. For example, the operation causes lesser stress force 
with adequately good mixing, well-defined fluid flow pattern, 
relatively high gas-liquid mass transfer rate and low cost [4]. 
Furthermore, this system is easy to maintain. Airlift was also 
proven to be successfully scaled up without losing much of 
the cultivating performance. However, typical performance of 
large scale systems could be significantly different from the 
small scale [5]-[7], and quite often, the productivity of the 
alga varied inversely with the size of the reactor. 

This study was set out to investigate the biomass 
productivity, lipid, protein, carbohydrate accumulation of 
green microalgal, Ankistrodesmus sp. in the flat panel airlift 
photobioreactor operating under outdoor condition. This 
placed a focus on the design effect of the reactor using the 
reactors of different widths, i.e. 20, 30, 40 and 50 cm and 
different liquid heights i.e. 50 and 60 cm. 

II. METHODS 

A. Microalgal Strain and Medium Culture 
Green microalgae Ankistrodesmus sp. was obtained from 

Microbiological Resources Centre (MIRCEN), Thailand 
Institute of Science and Technology Research (TISTR). 
Ankistrodesmus sp. was grown in a BG11 medium containing 
the following components(per liter): 1.5 g NaNO3, 0.04 g 
K2HPO4⋅3H2O, 0.075 g MgSO4⋅7H2O, 0.036 g CaCl2⋅2H2O, 
0.006 g Citric acid, 0.006 g Ammonium ferric citrate, 0.001 g 
EDTANa2, 0.02 g NaCO3. Microelement was prepared in the 
following composition (per liter): 2.86 mg H3BO3, 1.81 mg 
MnCl2⋅4H2O, 0.22 mg ZnSO4⋅7H2O, 0.39 mg 
Na2MoO4⋅2H2O, 0.08 mg CuSO4⋅5H2O and 0.05 mg 
Co(NO3)2⋅6H2O. 

B. The Airlift Flat Panel Photobioreactor 
Ankistrodesmus sp. was cultivated in the flat panel airlift 

photobioreactor made from fiber glass with the following 
dimension: 80 cm height, 100 cm length and different widths, 
i.e. 20, 30, 40 and 50 centimeters, where the bottom is sloped 
30o as illustrated in Figure 1. Air flow was supplied through 
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to a long porous gas sparger at the bottom of photobioreactor. 
The light intensity and the temperature were measured and 
collected by temperature/light measurement meter (HOBO 
3500 DP Logger UA-002-08). The pH value was measured by 
pH meter. 

 
Fig. 1 Schematic of flat panel airlift photobioreactor 

C. Cultivation Condition 
The airlift photobioreactor was employed to cultivate the 

alga with the BG11 standard medium [8]. Air was supplied at 
the bottom part of reactor at the flow rate of 0.16 cm s-1 at the 
dark:light period of 12:12 hours. The initial cell inoculums 
were prepared at cell density of 1×106 cells mL-1. Various 
reactors with different widths were employed to examine the 
effect of reactor width and each reactor was also tested for its 
suitable unaerated liquid heights (50 and 60 cm). 

D. Cell Density Measurement 
Microalgal growth was analyzed by direct cell count using 

Haemacytometer where dry biomass was measured at once a 
day frequency until a stationary phase was reached. After 
harvesting, the nutrients and microalga were separated by 
centrifugation at 2150×g for 5 minutes and freeze dried until 
completely dry. 

E. Lipid Extraction 
Lipids were extracted by adding 180 mL of 

chloroform/methanol (2:1) for each gram of dried microalga. 
A soxhlet extractor was operated for the separation of lipid 
from microalga. After extraction the solvents were recovered 
in a rotary evaporator under 250 mbar and the cooling 
temperature of 45 °C. 

III. RESULTS 

A. Effect of Reactor Width on Growth 
The cell density of Ankistrodesmus sp. obtained from the 

cultivation in the flat panel airlift photobioreactor with 
various widths is presented in Figure 2. At the unaerated 
liquid height of 50 cm (Figure 2a), the culture appeared to 
grow best in the reactor with the width of 50 cm, followed by 
those with 40, 30 and 20 cm, respectively. The growths 

typically started with a 1 day lag phase, after which 
Ankistrodesmus sp. entered its exponential growth period and 
reached its stationary within 5-7 days. The maximum biomass 
densities achieved from the reactors with widths of 20, 30, 40 
and 50 cm were 0.20, 0.22, 0.25 and 0.34 g L-1, respectively. 
This demonstrates that cell density obtained from the reactor 
with 50 cm width was 1.7 fold higher than those from the 
reactor with 20 cm width at the last day of cultivation. This 
was due to the fact that the fluid in the airlift was quite 
effectively circulated and therefore the culture was always re-
located to the place with high or adequate light intensity. 
Therefore although the 50cm width reactor would have lower 
area to volume ratio than the narrower reactors, this fluid 
circulation helped maintain the adequate supply of light 
intensity to the algal culture which allowed it to grow 
effectively.  

 
Fig. 2 Comparison between growth behavior of Ankistrodesmus sp. 
in the flat panel airlift photobioreactor with various widths at 50 cm 

(a) and 60 cm (b) liquid height 
 

Nevertheless, the effect of reactor width changed when the 
unaerated liquid height was increased to 60 cm as the width 
did not seem to have significant influence on algal growth 
(Figure 2b). In this case, the culture still grew relatively well 
regardless of the reactor width which still indicates a strong 
effect of fluid circulation induced by the airlift force. 

 B. Effect of Unaerated Liquid Height on Growth 
Figure 2(a) and 2(b) illustrates clearly that the alga grew 

better in the airlift with 50 cm unaerated liquid height than 
that from the 60 cm high reactor. When measured the light 
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intensity at the bottom of the reactor, it was found that the 
average light intensities at day time in the reactor with 50 and 
60 cm liquid height were 1055 and 1399 µmol m-2 s-1, 
respectively (Figure 3c and 3d). This resulted in a higher 
temperature range in the system with higher liquid height 
(Figure 3a and 3b). However, the average light energies at the 
bottom of the two airlifts were 0.77 and 0.58 MJ m-2, 
respectively. These two reasons could lead to a more effective 
growth in the airlift with 50 cm liquid height when compared 
to that with 60 cm liquid height. 

 
Fig. 3 Time courses of temperatures (a),(b) and light intensities 
(c),(d) during the growth of Ankistrodesmus sp. in the flat panel 

airlift photobioreactors with various widths at 50 and 60 cm 
unaerated liquid height, respectively 

 

C. Biochemical composition of Ankistrodesmus sp. 
For the cultivation in the airlift with 50 and 60 cm liquid 

heights, Ankistrodesmus sp. had protein as the main 
biochemical component (range 34.8-40.5, 39.1-45.1 % dry 
weight for 50 and 60 cm liquid height, respectively), followed 
by lipid (range 28.9-31.0, 32.1-39.6 % dry weight for 50 and 
60 cm liquid height, respectively) and carbohydrate (range 
28.5-36.3, 17.3-25.8 % dry weight for 50 and 60 cm liquid 
height, respectively) (Table 1). 

 
TABLE I 

BIOCHEMICAL COMPOSITION IN ANKISTRODESMUS SP. WITH VARIOUS WIDTHS AT 
50 AND 60 CM LIQUID HEIGHT 

 
 

 

The relationships between specific nitrogen and 
phosphorus consumptions (the consumption based on one 
gram of dry alga) on lipid, protein and carbohydrate 
accumulation in Ankistrodesmus sp. from the various designs 
of airlift photobioreactors are shown in Figure 4. 

 
Fig. 4 Relationship between biochemical composition of 
Ankistrodesmus sp. and nitrogen (a) and phosphorous (b) 

consumption 
 

It was statistically observed that, within the range of 
nutrient provided in these experiments, the accumulations of 
biochemical components in Ankistrodesmus sp. did not 
clearly depend on nitrogen and phosphorous consumptions. 
However, due to the different growth patterns, the 
productivities of these biocomponents from the reactor with 
50 cm liquid height were significantly higher than those from 
the 60 cm liquid height. The highest biomass productivity 
occurred from the airlift with the reactor width of 50 cm both 
different liquid heights (40.79 and 25.78 mg L-1 d-1 for 50 
and 60 cm liquid height, respectively). The highest lipid, 
protein and carbohydrate productivity of the flat panel airlift 
photobioreactor width of 50 and 60 cm liquid height were 
14.66, 18.15 and 16.31 mg L-1 d-1, respectively (Figure 5). 

 
 

  Biochemical composition (%) 

Height 

(cm) 

Width 

(cm) 
Lipid Protein Carbohydrate 

50 20 28.9 ± 1.2 38.5 ± 0.3 32.6 ± 1.6 

 30 31.0 ± 2.8 40.5 ± 0.4 28.5 ± 36.3 

 40 28.9 ± 0.5 34.8 ± 0.9 36.3 ± 0.4 

 50 29.8 ± 2.5 36.9 ± 1.1 33.2 ± 1.4 

60 20 36.9 ± 3.5 39.1 ± 0.7 24.1 ± 4.2 

 30 32.1 ± 0.1 45.1 ± 1.1 22.8 ± 1.2 

 40 34.9 ± 4.3 39.3 ± 1.1 25.8 ± 5.4 

 50 39.6 ± 2.4 43.1 ± 0.1 17.3 ± 2.3 
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Fig. 5 Comparison between biomass, lipid, protein and 

carbohydrate productivity in Ankistrodesmus sp. with various 
widths at 50 (a) and 60 cm liquid height (b) 

IV. CONCLUSIONS 
The culture of Ankistrodesmus sp. grew best in the flat 

panel airlift photobioreactor with the width of 50 cm, 
followed by those with 40, 30 and 20 cm, respectively. The 
unaerated liquid height had a direct effect on the solar energy 
delivered for the algal growth where the unaerated liquid 
height of 50 cm seemed to give the best growth pattern for 
this reactor). Within the environmental conditions applied in 
this work, Ankistrodesmus sp. seemed to accumulate most 
protein, followed by lipid and carbohydrate. However, there 
was no direct relationship between biochemical compositions 
with the configuration of the flat panel airlift 
photobioreactor. The productivities of such biocomponents 
therefore depended significantly on the biomass 
productivities. 
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