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Abstract 

 
The present study addressed the effect of the carbon source on the growth of Microalgae Coelastrella sp.MH923012, which newly registered 

in Iraq. In this research, which has a novelty via using this type of Microalgae strain as sample test, five different volumetric quantities (5, 

10, 15, 20, and 25 ml) of the carbonic solution have been adopted in all experiments. Preliminary results showed that the addition of 

carbonic solution had less effect on the pH culture media compared to distilled water. The presence of buffer component in the BG11 media 

played a vital role in determining the consumption of hydrogen ions resulting from reversible reactions. However, the carbonic source 

remained abundant in the culture flasks that affected the response of Microalgae growth. Therefore, the experimental data showed that the 

addition of this solution (regardless of the dosing times), clearly improves the growth of Coelastrella. Nevertheless, increasing dosing times 

increases the rate of growth. For example, the addition of 5 ml of aqueous carbonic solution to the Coelastrella flasks caused increases the 

optical density by (1.18 for unadjusted pH flasks and 1.42 for adjusted pH flasks) times greater than that of the control flask. The other thing 

to consider is the continued growth of Coelastrella sp. in all the flasks (except control flask) despite of passing 22 days on the beginning of 

cultivation. This is the period in which the control flasks reached the stationary phase and then reached to death phase. This is clear evidence 

that the carbon source is the main limiting factor of the mcroalga Coelastrella sp. 
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Introduction 

Biofuel, with its various sources, is one of the most 

promising forms of energy to ensure that global energy 

demand is met, while achieving new economic benefits 

(Nogueira, 2011; Chu et al., 2007). In addition, the biofuel 

has important role in addressing the climate change, which 

was due to anthropogenic carbon dioxide emissions that 

reached critical and alarming limits (Rutherford et al., 2018). 

The scientific solutions and logic of application for the 

biofuels may achieve this goal. There are several methods for 

biofuel production (Kubba et al., 2016). Indeed, it has been 

hoped that biofuel could be produced from cellulosic 

feedstock that do not directly compete with food crops. 

However, cellulosic fuels have failed to become viable at a 

significant scale, in spite of main supports and high 

expectations when renewable fuel delegation were 

established over a decade ago (Lynd, 2017). 

In contrast, the algae have the ability to grow faster, 

production of valuable materials ( such as carbohydrates), 

and fixation the carbon dioxide (Chisti, 2007) or extracts 

production(Karm, 2016). Depending on the type of 

Microalgae strains, the Microalgae can produce different 

lipids, hydrocarbons and other complex oil content, which is 

suitable for the production of biodiesel. The known total lipid 

content of Microalgae differs from 5 to 77% and can produce 

10-30 times higher amount of biodiesel than any other 

sources (feedstock crops, as example) (Gouveia & Oliveira, 

2009, Yeh et al., 2010). However, there are several 

technological problems still related to the production and 

cultivation process using this source. In fact, absence of 

technological substructures and managed practices of the 

algae based fuels is still a weakness (Noraini et al., 2014; 

Ziolkowska & Simon, 2014). Thus, the cost factor and the 

lack of production are clearly present as one of the important 

obstacles to the development of this source (Slade & Bauen, 

2013, Bharathiraja et al., 2015, Ziolkowska & Simon, 2014).  

For all that, serious attempts to overcome these 

obstacles, or some of them, are still continuing. For instance, 

use of cheap and available alternatives as requirements in 

cultivation process (Huber et al., 2006, Abbasi & Abbasi, 

2010, Sambusiti et al., 2015). The use of carbon dioxide 

produced from electrical stations is one such of those 

attempts (Rezvani et al., 2016, Duarte et al., 2017). This gas 

is main requirement in the photosynthesis of the Microalgae 

cells for glucose production. A range of studies have 

demonstrated that the presence of CO2 gas (with control 

ratios) in cultivation processes increases the growth rate of 

algae (Derakhshandeh & Un, 2019, AL-Mashhadani & 

Khudhair, 2017). In fact, the use of carbon dioxide in sparing 

system in the bioreactor may cause an increase in the 

carbonic source for the bioprocess. Thus, the growth of 

Microalgae as a biomass increases, as a result of contributing 

in increasing the Gibbs free energy in the negative direction 

according to Le Chatelier's principle (Al-Mashhadani et al., 

2011). In other hand, the bubbling system of the bioreactor 

leads to remove of oxygen, which produced (as a by-product) 

from the metabolic processes. This removal is carried out 

through the mass transfer phenomena of the gas between the 

culture solution and gas bubbles. According to principle of 

mass transfer phenomena (Bird et al., 2007), this process 

depending on the un-equilibrium state of oxygen 

concentrations between the two phases, which will cause the 

rejuvenation of the Microalgae environment and increases 

their susceptibility to breeding more. Therefore, the use of air 

in bioreactors, although containing low carbon dioxide, has 

the primary task of reducing the oxygen concentration in the 

culture solution to be about 7-8 mg/L as was confirmed by 

(Ibrahim & Abdulmajeed, 2018). Thus, both processes 
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(dissolution or stripping process) improve the growth of 

Microalgae. For the above reason, the current research sought 

to separate the two processes above, by focusing on the effect 

of the carbonic source on the growth of algae as far away as 

possible from the removal of the oxygen produced from the 

process of photosynthesis. All experiments work in this 

study, were performed using a solution saturated with carbon 

source with a constant concentration. In addition, the effect 

of this gas in the current work was tested using type of 

Microalgae has been recently diagnosed from an Iraqi 

environment and has been registered globally under 

accession No. MH 923012. 

Material and Methods 

Culture Media 

Preparation of the BG-11 media for the cultivation 

purpose in this work was conducted according to the 

guidance and advices provided by the company (BioReady 

TM media, China). 

Isolation and purification of Microalgae 

Microalgae Coelastrella sp.MH 923012, which used in 

the present study, was isolated from the Tigris River and 

registered in Gen Bank database (accession No. MH 923012) 

(Abed et al., 2018). 

Culturing the Microalgae species 

The isolated Coelastrella sp.MH 923012 Microalgae 

were cultivated in the prepared BG-11 media. The process 

was carried out via inoculation of that media with 2 ml of 

Microalgae samples. Then, they were incubated in 

illuminated incubator (Conviron Canada origin) under light 

intensity 168 µE m−2s−1 and controlled temperature (24±2 

°C). When the species reached the stationary phase of the 

growing, the harvesting was applied. 

Aqueous carbon stock preparation  

The carbon dioxide saturated solution has been pre-

prepared for the current study. The preparation approach was 

carried out by injecting carbon dioxide at 500 ml / min in a 

tank containing distilled water as shown in Figure (1). During 

this process, the pH (HANNA HI, 9811-5) was monitored to 

ensure that the gas saturation process was completed. After 

that all the ports of the reservoir were closed to prevent any 

gas leaks into the atmosphere. Different volumetric quantities 

of aqueous carbon solution were taken in the preparation 

stock based on our previous experiments on distilled water 

and BG-11media.  

 

Fig. 1: Schematic diagram of aqueous carbon stock 

preparation 

Set-Up of the experiential work 

The experiments included three seed groups. The first 

group (G1) represents the control (without addition of 

aqueous carbonic solution). While, the second group (G2) 

included a flask for each carbonic solution with two 

replicates to confirm the accuracy of the results and for 

statistical purposes (error bar). Each flask contains 500 ml of 

BG-11 media, while 2 ml of isolated Microalgae, as 

inoculation was added into each flask. Finally the third group 

(G3) is quite similar to the second group (G2), but, the only 

difference was that the second group (G2) operates without 

controlling the pH, while the third group (G3) operates under 

the control of the pH to reach the value of 7 as can be seen in 

Table (1). 

All the additions were made at the same time. After 24 

hours the pH was measured before and after addition process 

with optical density measurement for each day by 

spectrophotometer (Shimadzu, Japan) to observe the level of 

algal growth until reach to stationary phase. Finally, the 

specific growth rate and doubling time was calculated 

according to (AL-Mashhadani & Khudhair, 2017). 

 

Table 1: Groups of aqueous carbon stock preparation 

Groups Groups contents 

  G1 BG-11 media (500 ml) + Coelastrella sp. algae (2ml) 

     CO2 volumes 

5 ml 10 ml 15 ml 20 ml 25 ml  

G2 

 

BG-11 media  

(500 ml) 

+ 

Coelastrella sp. 

algae (2ml) 

 

BG-11 media  

(500 ml) 

+ 

Coelastrella sp. 

algae (2ml) 

BG-11 media  

(500 ml) 

+ 

Coelastrella sp. algae 

(2ml) 

BG-11 media  

(500 ml) 

+ 

Coelastrella sp. 

algae (2ml) 

BG-11 media  

(500 ml) 

+ 

Coelastrella sp. 

algae (2ml) 

  

G3 

BG-11 media (500 

ml) 

+ 

Coelastrella sp. 

algae (2ml) 

BG-11 media (500 

ml) 

+ 

Coelastrella sp. 

algae (2ml) 

BG-11 media (500 ml) 

+ 

Coelastrella sp. algae 

(2ml) 

BG-11 media (500 

ml) 

+ 

Coelastrella sp. 

algae (2ml) 

BG-11 media (500 

ml) 

+ 

Coelastrella sp. 

algae (2ml) 

(a) 

 (c) 

 (b) 
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Results and discussions 

Determine of CO2 volume  

The equilibrium state of the carbonic acid with aqueous 

carbon dioxide in the culture solution was determined in the 

current study. The objective of this step was to investigate 

the minimum and maximum volume of saturated solution. 

These determinants were adopted in subsequent experiments 

in this work. Figure (2) shows the variance between the 

measured pH values versus time where the aqueous carbon 

stock was added to the distilled water and BG11 media. In 

general, aqueous carbon dioxide reacts with H2O to form 

weak acid (H2CO3). The latter turns into bicarbonate ( )−
3HCO  

and carbonate ( )−
3CO  in reverse reactions by which two 

protons are donated. Increase the solubility of the carbon 

dioxide represents a driving force to increase hydrogen ions 

until the equilibrium state occurs. Therefore, in this figure it 

can be seen that the effect was clear on both flasks. However; 

the pH value was dropping faster in the distilled water 

compared with flask media. In fact, the presence of the buffer 

compound (Na2CO3) in BG11 media played an important 

role in determining that decline by resisting any change in 

hydrogen ions that present in the solution. It can be seen that 

the immediate treatment of the hydrogen ions produced from 

these reactions is sufficient to limit that decline. However, 

the buffer substance in this media targets the hydrogen ions 

without compromising the amount of carbon present in the 

solution. According to this comparison, the appropriate 

volumetric quantities were (5, 10, 15, 20, 25 ml) of the 

aqueous solution and adopted for the current study. 

 

Fig. 2: The comparison between distilled water and BG11 

media after addition of acidic solution 

Growth rate estimation 

Coelastrella sp. MH 923012 has been grown in BG-11 

media. The experiment based on three groups (G1, G2, and 

G3), while optical density was measured 

spectrophotometrically every day to observe the growth rate 

of Microalgae until reach to stationary phase of the control 

flask. At the beginning of experiment all groups shows 

gradient increase in growth. However, after ten days, the G2 

and G3 shows sharply growth compared with G1 as shown in 

Figure (3). While it shows that the stationary phase reaches at 

15th day in G1 group and for seven days. Then the decline 

phase in that control group was occurred. On the contrary it 

was in the other two groups, since it can be seen that there 

are continuation of the growth rate in both groups. 

 

Fig. 3: Optical Density of Coelastrella sp.MH 923012 

microgreen algae when 5 ml of carbonic solution was added; 

G1: control flask; G2: unadjusted pH flask; G3: adjusted pH 

flask. 

Figure (3) also shows the response of the growth rate of 

Coelasterella sp. MH 923012 during the addition of 5ml 

carbonic solution. All groups shows gradient increment in 

growth, however and at 22 day, the optical density of G2 and 

G3 recorded (0.429) and (0.475) respectively, compared with 

G1gruop that recorded (0.196) before entering the decline 

phase. Other additives also gave a response at a growth rate 

similar to that of Figure 3. However, increasing the amount 

of carbonic solution to green micro-algae flasks has led to a 

significant improvement in growth rate as can be seen from 

Figure (4). In addition, the adjusting the pH value to 7 has a 

significant effect when adding a small amount of carbonic 

solution (5 and 10 ml), while the matching was almost the 

predominant in the responses when dosing increases (i.e. 15, 

20, and 25 ml). For example, the optical density of G2 

reached to (0.679, 0.877, 0.990 and 1.182) and G3 (0.718, 

0.938, 0.999 and 1.124) at 22 days of experimental working 

days, when 10, 15, 20, and 25 ml were added respectively. 

Figure (5) shows clear comparison of the effect of all dosing 

the aqueous carbon solution in growth rate of G2. It can be 

observed that the increase of growth association with dosing 

increment. While Figure (6) shows the comparison of growth 

rates of G3 flasks under the effect of all aqueous carbon 

solution dosing and also dramatically increase of growth rate 

for each one. 

 

Effect of the aqueous carbon source on growth rate of the Microalgae coelastrella sp. MH923012 
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Fig. 4: Optical Density of Coelastrella sp. MH 923012 microgreen algae when the carbonic solution was added; G1: control 

flask; G2: unadjusted pH flask; G3: adjusted pH flask; (a) add 10 ml; (b) add 15 ml; (c) add 20 ml; (d) add 25 ml 

 
 

Fig. 5: Growth rate estimation of G2 during addition of five 

CO2 concentrations compared with G1 

 

 
 

Fig. 6: Growth rate estimation of G3 during addition of five 

CO2 concentrations compared with G1 
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Table 2 shows that efficiency of the growth rate of 

Coelastrella sp. MH 923012 increases with increasing the 

supplied amount of carbon source solution into the BG11 

flasks. Thus, with simple calculations conducted on sample 

of previous studies, Table 3 was extracted. This evolution 

shows how much Microalgae growth is improved in the 

current study when compared with previous studies if the 

exception of the type of algal used was adopted. 

 

Table2: The growth efficiency (as X factor) of G2 and G3 compare with G1 

Volume carbonic solution (ml) 
Efficiency of G2/G1 

(X factor) 

Efficiency of G3/G1 

(X factor) 

5  1.182  1.42  

10  2.452  2.65 

15 3.462  3.77 

20  4.04  4.08 

25  5.01  4.71 

   

 
Table 3: The growth efficiency (as X factor) in several previous studies 

Type of Microalgae CO2 X factor References  

Nannochloropsis sp.  10% 1.0631 (Saifuddin et al., 2015) 

Nannochloropsis sp.  15% 1.321 (Saifuddin et al., 2015) 

Nannochloropsis oculata  2% 0.621 (Chiu et al., 2009) 

Nannochloropsis oculata  15% 0.257 (Chiu et al., 2009) 

Chlorella PY-ZU1 15% 1.249 (Cheng et al., 2013) 

Chlorella vulgaris 8.50% 4.372 (Rendon et al., 2013) 

 

The specific growth rate and doubling time of the 

culture flasks in all groups; G1 control flasks; G2 culture 

flasks (unadjusted pH), and G3 culture flasks (adjusted pH) 

were also calculated in the present study. The results showed 

clearly that the specific growth rate of Microalgae 

Coelastrella sp.MH923012 increases with increasing the 

amount of carbonic solution dosing, while the doubling time 

decreases. For example, in 5 ml dosing, the specific growth 

rate were (0.20971 and 0.21511 day-1) and doubling time 

were (3.3052 and 3.222 day) in G2 and G3 respectively, 

while in the control flasks (G1), the specific growth rate was 

(0.15506 day-1) and doubling time was (4.4701 day). 

Moreover, the results also confirmed that algal growth 

is determined by the amount of carbon source available in the 

culture medium. The depletion of carbonate present in the 

sodium bicarbonate compound reduced growth and reached 

stable phase within a period of no more than 15 days and 7 

days to reach the stage of death. While the other groups (G2 

and G3), the growth rate continues to grow confirming that 

the carbon source is the main limiting factor of the 

Microalgae Coelastrella sp.MH923012. 

Conclusions 

The present study showed the ability of Coelastrella 

sp.MH 923012 Microalgae to adapt and survive under 

different aqueous carbonic solution. The research concluded 

that the addition of this solution into the culture medium 

contributes to the abundance of carbon source necessary for 

the growth of Microalgae, despite the depletion of hydrogen 

ions by the buffer compound that found in that media. This 

has been clearly demonstrated by the apparent improvement 

in Microalgae growth, whatever the dosing times. However, 

an increase in this quantity has a positive effect on the 

growth rate. In addition, the present study suggests that the 

adjusting the pH may not be necessary for the process, as the 

Microalgae adaptation of the pH decrease is evident by the 

responses, especially when adding the 15, 20, and 25 ml of 

carbonic solution. This contributes to improving the 

economic perspective of that process. The study also 

confirmed the importance of carbonic source on the growth 

of Microalgae if the standard media (such as BG11) is used 

in the cultivation process. 
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