
 

 

 

Abstract— Microalgae Haematococcus pluvialis is reported as a 
large producer of carotenoid. The main goal of this study was to 

investigate and compare the effects of air flow rates under controlled 
cultivation conditions to enhance the growth rate of Haematococcus 
pluvialis. The cells were cultivated at three different air flow rates (1 
vvm, 2 vvm and 3 vvm) in the sterile bottles for 9 days. The 
experiments were performed under the same growth conditions. The 
maximum specific growth rate of 0.246 day−1, which corresponded to 
the doubling time of 2.82 day, was obtained at the flow rate of 2 vvm 
under the light intensity of 65 µE m-2s-1 in BG11 medium for 9 days 

of H. pluvialis cultivation period. 
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I. INTRODUCTION 

HE unicellular fresh water microalga, Haematococcus 

pluvialis Flotow (Volvocales, Chlorophyceae) is green-

colored, biflagellate, and motile in its vegetative stage [1], [2]. 

This freshwater organism has an atypical life cycle in that it is 

able to go from a vegetative cell state rich in chlorophylls and 

proteins to an encysted state under stress conditions. At this 

encysted state, H. pluvialis is surrounded by a thick cell wall 

and can produce high amounts of secondary metabolites 

including carotenoids, especially astaxanthin [3] which has 

attracted considerable attention in recent years [4]. 

Carotenoids have benefits to the prevention of chronic 

diseases such as heart disease, cancer, and age degradation (to 

prevent premature aging). They are potential to be developed 

for food and pharmaceutical industry as a food coloring agent 

and production of drugs [5], [6]. The carotenoid fraction of 

green vegetative Haematococcus cells consists of mostly 

lutein (75-80%) and β-carotene (10-20%). Whereas in red 

cysts, predominate carotenoid is astaxanthin [7]. Furthermore, 

the vegetative form is equally worthy of attention due to the 

amount of proteins (27%) and carbohydrates (40%) [2].  

Many researches have been conducted to investigate the 

controlled factors in the cultivation of H. pluvialis. The aim of 

this study was to investigate and compare the effects of air 

flow rates under controlled cultivation conditions to enhance 

the growth rate of H. pluvialis.  
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II.  MATERIALS AND METHODS 

A. Algal strain and inoculum preparation 

Haematococcus pluvialis Flotow EGE MACC-32 was 

obtained from the Culture Collection of Microalgae at the 

University of Ege, Izmir, Turkey. Stock culture of H. pluvialis 

was grown photoautotrophically in BG11 medium [2] at 22 ± 

2°C (65 µE m-2s-1) in 2-L sterile bottle for 14 days. For the 

preparation of the inoculum, the cells from the stock culture 

were collected and concentrated by centrifugation (1160 g, 5 

min) and the supernatant was removed. The collected cells 

were incubated aseptically in 250 mL flasks containing 100 

mL of BG11 medium under the light intensity of 22 µE m-2s-1 

at 20±2 °C for four days. Air was supplied to the culture at a 

flow rate of 1 vvm. A 4-day-old culture cells were used as 

inoculum at 10% volume for all experiments. 

B. Growth conditions 

The experiments were performed in 1-L sterile bottles. 4-

day old culture (100 ml, approximately 1 x 105 cells ml-1) was 

inoculated into 900 ml sterilized fresh media in 1000 ml sterile 

bottles. The bottles were incubated for 9 days at 22±2 °C 

under the light intensity of 65 µE m-2s-1 at various airflow 

rates. Air was supplied to the culture by air pump continuously 

and three different air flow rates (1, 2 and 3 vvm) were 

adjusted by flow meter (RST electronic Ltd. Sti, LZM-6T, 

Turkey). Illumination was provided by LED downlight lamps 

(Cata 10 W CT-5254) from two sides of the bottles. Light 

intensity was measured by a quantum meter (Lambda L1-185) 

on the surface of the PBR. 

C. Analytical procedures 

Samples were taken at indicated times, and the following 

growth parameters were measured immediately; the cell 

concentration was determined by counting triplicate samples 

in a Neubauer hemocytometer. The cellular turbidity (optical 

density) was measured at 680 nm in UV/VIS 

spectrophotometer (GE Healthcare Ultrospec 1100 pro, UK). 

Dry weight was determined by filtering a 5-ml culture sample 

through pre-weighed GF/C filter (Whatman, UK) and drying 

the cell mass at 105 °C for two hours. Algal pigments were 

extracted with dimethyl sulfoxide (DMSO) as reported by 

Wellburn et al. [8].   

    The specific growth rate (µ) of the cells was calculated 

from the initial logarithmic phase of growth for at least 48 h, 

as µ = (lnX2 - lnX1)/dt, where X2 is the final cell 

concentration, X1 is the initial cell concentration and dt is the 

time required for the increase in concentration from X1 to X2. 
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Doubling time (DT) was also calculated as DT = ln 2/µ. The 

data were analyzed using one-way analysis of variance 

(ANOVA). Results were reported as mean values with 

standard deviations (n=3) unless otherwise indicated. 

III. RESULTS AND DISCUSSION 

 

The cells were cultivated at three different air flow rates (1 

vvm, 2 vvm and 3 vvm) in the sterile bottles for 9 days. The 

experiments were performed under the same growth 

conditions. As shown in Figure 1, the cell concentration 

significantly increased after 5 days of cultivation period in 

different flow rates. During the cultivation, the growth 

increased 12 times in terms of the initial cell concentration at 

the flow rate of 2 vvm under the light intensity of 65 µE m-2s-1 

for H. pluvialis. Additionally, it was recorded that the cell 

concentration was 42% higher at the flow rate of 3 vvm 

compared to the flow rate of 1 vvm at the end of the 

cultivation period. It is also worth noting that the air flow rate 

of 2 vvm attracted attention, especially concerning the yield 

and productivity. As reported by Damiani et al. [9], the 

maximum cell concentration of 11x105 cells ml-1 was obtained 

in Bold’s Basal Medium under the light intensity of 90 µE m-2 

s-1 with a 12:12 h light:dark cycle photoperiod with the 

continuous bubbling of air (500–700 cm3 min-1) containing 

0.30 cm3 min-1 of CO2 for the growth of H. pluvialis after 12 

days of period. 

Noteworthy that chlorophyll plays an essential role for 

capturing CO2 and solar energy to generate the metabolic flux 

for the microalgal growth [10]. As seen in Figure 2a, the 

similar chlorophyll-a contents of 4.33±0.03 g L-1 and 

4.22±0.02 g L-1 were obtained on the 7th day at the flow rates 

of 2 vvm and 3 vvm, respectively. The maximum chlorophyll-

a content, 7.06±0.29 g L-1, was obtained at the flow rate of 2 

vvm, and the low chlorophyll-a content was found at the flow 

rate of 1 vvm.  On the other hand, the chlorophyll-b content 

reached a peak value of 5.69±0.23 g L
-1

 on day 9 while the 

minimum chlorophyll-b content was obtained at the flow rate 

of 1 vvm only with the value of 3.78±0.09 g L-1 (Figure 2 b). 

As shown in Figure 3, total carotenoid contents were close 

to each other in all experiments during the first 5 days; 

however the largest changes occurred after the day of 5. The 

maximum carotenoid content of 2.49±0.03 g L-1 was found at 

the flow rate of 2 vvm under the light intensity of 65 µE m-2s-1 

for H. pluvialis, which indicated that cells could adjust well to 

the growth conditions. The carotenoid content decreased by 

27% at the air flow rate of 1 vvm in comparison with the flow 

rate of 2 vvm. 

The maximum specific growth rate of 0.246 day−1, which 

corresponded to the doubling time of 2.82 day, was obtained 

at the flow rate of 2 vvm (Table 1). As expected, increasing 

the air flow rate from 2 vvm to 3 vmm reduced to the growth 

rate of H. pluvialis. As reported by Imamoglu et al. [11], the 

maximum specific growth rate of  0.271 day-1 was found in 

flat plate PBR for the semi-continuous cultivation of H. 

pluvialis. 

 

 
Fig. 1 Cell count profiles of H. pluvialis: (■) 1 vvm, (◊) 2 vvm, (▲) 3 

vvm. 

 
Fig. 2 Chlorophyll profiles of H. pluvialis: (a) Chlorophyll-a content, 

(b) Chlorophyll-b content. (■) 1 vvm, (◊) 2 vvm, (▲) 3 vvm. 
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Fig. 3 Total Carotenoid contents of H. pluvialis: (■) 1 vvm, 

(◊) 2 vvm, (▲) 3 vvm. 
 

TABLE I 

RESULTS OF OBTAINING PARAMETERS OF H. PLUVIALIS 

 1 vvm 

 

2 vvm 

 

3 vvm 

 

Cellular turbidity  

(OD) 

0.450±0.005 0.652±0.003 0.557±0.002 

Dry weight  

(g L
-1

) 

0.552±0.05 0.697±0.08 0.629±0.06 

Biomass productivity  

 (g L
-1

 d
-1

) 

0.061±0.005 0.077±0.008 0.070±0.006 

Specific growth rate  

(µ, d
-1

) 

0.197 0.246 0.230 

Doubling time 

 (DT, d) 

3.516 2.821 3.014 

IV. CONCLUSION 

These results have demonstrated that maximal growth rate 

of H. pluvialis, 0.246 d-1, was obtained at the flow rate of 2 

vvm under continuous illumination (65 µE m-2s-1) in BG11 

medium for 9 days of cultivation period. The primary barriers 

of microalgal processes are the energy consumption and the 

cost of investment, especially in R&D activities for microalgal 

cultivation. These expenses may be reduced by the use of 

optimum process conditions (such as temperature, light, flow 

rate and etc.) providing to reach the high volumetric 

productivities and high biomass concentrations. 
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