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Abstract 

Recently, microalgae have become a promising source in the production of biofuel. 

However, the cost of production is still the main obstacle to develop of this type of 

source. Although there are many extensive studies on the requirements provided for 

the cultivation of the microalgae, the study of the process, via the variables that affect 

the cultivation of microalgae, being still one of the important tasks to improve the 

production of biofuel. The present article is a serious attempt to investigate of use 

commercial fertilizer NPK (20:20:20+TE N: P: K) as considered a cheap nutrient 

medium in growth Chlorella vulgaris by comparison with traditional nutrient (Chu.10 

medium). In addition, the current study addresses effect of different sparging periods 

of filtered air on the microalgae production. The experimental data showed that the 

use of the NPK fertilizer as cultivation medium in Chlorella vulgaris culture gives 

more growth rate of microalgae than that produced if the cultivation process was 

operated with Chu.10 medium. For example the maximum biomass concentration 

reaches to 0.3249 g L
-1

 when cultivated in NPK fertilizer, whereas reached to 0.212 g 

L
-1

 for cells cultivated in Chu.10 medium. In addition, the results proved that the 

aeration system in the cultivation can plays an important role in the activity of the 

microalgae with NPK medium, since it creates a convenient environment with low 

concentration of oxygen in the medium. The study showed that increasing aeration 

period for such a type of microalgae increases the growth rate. 
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Introduction  

Environmental and economic 

challenges are still facing the world 

due to use of fossil fuels as a main 

source of energy. The fluctuating rates 

in the prices as well as reaching the 

global thermal gases concentration to 

critical levels, has push the researches 

to find alternatives to this source [1-6]. 

Numerous attempts have been 

made to mitigate greenhouse gases, 

including physical and chemical 

substance reaction-based CO2 

mitigation, however; these methods are 

either consumer of energy dramatically 

or unconvincing economically [7, 8].  

Biological treatments for fixing 

the greenhouse gases may be the best 

solution so far, such as carbon dioxide 

consumption by microalgae as a source 

of carbon and to adjust pH value [9]. 
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This types of plants have ability for 

CO2 biofixation efficiently by 

converting it (with light) into biomass 

and other secondary metabolites such 

as carbohydrates, lipids, chemicals, 

foods,  feed , intracellular 

polysaccharides, proteins, pigments 

and other  feed stock  [10, 11]. Also, 

the microalgal has a higher 

photosynthetic efficiency, higher 

biomass production, faster growth 

related to other energy crops and they 

can grow anywhere without competing 

food crop [12-14]. Moreover, they 

need just few days to complete their 

growth cycle and their reproduction 

significantly [15].  

There are an extensive attempts on the 

requirements provided for the 

cultivation of the microalgae, however; 

still needed to more studied by voice 

variables that affect directly or 

indirectly on the cultivation. The 

present study is one of these attempts 

to find the most favorable conditions to 

secure reasonable growth rate and 

biomass productivity for Chlorella 

vulgaris via the suggested hypothesis 

that says that uses a commercial 

fertilizer 20:20:20+TE NPK, as low 

cost nutrient and available, under 

aeration at different sparging periods 

can play an important role growth rate 

and productivity of Chlorella vulgaris. 

 

Material and Methods  

 

Microorganism and Culture 

Medium 

Chlorella vulgaris was suggested 

as a microalga for this investigation, 

which belongs to the Chlorophyta 

group (freshwater green algae). This 

spece was originally isolated and 

purified at Plant Laboratory for 

Graduate Studies, department of 

biology, college of science, University 

of Baghdad by using serial dilution 

then different plating techniques as 

spread and streak method were carried 

out to purify the culture [16]. 

As shown in Figure 1 the 

snapshot of Chlorella vulgaris used in 

the present study using Microscope 

(CX21FS1, 40X, TOKYO, JAPAN) 

incorporated with a 20x canon camera. 

 

 
Fig.1: Microscopic photograph of the 

microalgae Chlorella vulgaris used in the 

present study using microscope (CX21FS1, 

40X) 

 

The suggested nutrient medium 

in this study was NPK medium 

(20:20:20+TE N:P:K) commercial 

fertilizer, which has the N as urea 2.1% 

and as ammonia 17.9%, P as 

phosphorus oxide 20%, K as potassium 

oxide 20%  with trace  element consist 

of  Mg 0.1%, Zn 0.05%, Mn 0.05%,  

Fe 0.1%, Cu 0.05%, B 0.02% and 

Vitamin B 0.0005%. While the Chu-10 

consisted of 40 (mg/l) Ca (NO3)2, 

25(mg/l) MgSO4, 5(mg/l) K2HPO4, 20 

(mg/l) Na2CO3, 25(mg/l) Na2SiO3, 

8(mg/l) FeCl3, Both medium were 

prepared by dissolved these salts in RO 

water, while, the value of initial pH 

was adjusted to 6.23 using (0.1 N) of 

sodium hydroxide and hydrochloric 

acid. 

 

Preparation of Microalgae Inoculum      

A stock solution of Chlorella 

vulgaris was incubated in 500 mL 

conical flask in an environmental 

growth chamber at (25 ± 2 °C) 
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temperature and under continuous 

illumination by three cool-white 

fluorescent light tubes (10 watt and 10 

inches length). Agitation system was 

obtained by bubbling filtered 

atmospheric air in the bottom of the 

flask. The medium used in the 

cultivation of the microalgae was 

Commercial available N: P: K 

20:20:20+TE fertilizer (provided from 

Kule® Inc.). Advantages of this 

suggested nutrient are high water 

soluble and cheaper nutrients for 

biomass production. After seven days 

of inoculation, microalgae cells pre 

subculture by transferring it to fresh 

medium.  Figure 2 shows the starter 

culture of Chlorella vulgaris 

microalgae in flasks at different times. 

 

 
Fig. 2: Photographic View of the batch 

cultivation for Chlorella vulgaris with time 

 

Experimental Setup and 

Measurements 

The experiments of cultivation 

Chlorella vulgaris at different aeration 

periods were conducted in four conical 

flasks of 0.5 L capacity, operating in 

batch culture with a working volume 

of 350 ml. Each flask enclosed by 

stopper with two pores one for aeration 

and other for air exhaust. Air was 

supplied via air pump (HX-106A). The 

inlet air was dried by filtration through 

an in-line filter before entering the 

culture flasks to avoid contamination 

by condensation in the air tube airlines. 

This filter consists of cotton and 

activated charcoal that are arranged in 

layers.  

To minimize the contamination 

problems or infection that can be 

causes by potential pathogens and 

other microorganism, the flasks and 

nutrient media were sterilized. The 

procedure of sterilization was carried 

out corroding to Ammar [17] using a 

water bath (Julabo, model: EH (V.2), 

Germany) with hot water at a 

temperature of (70-80 °C) for 20 

minutes, as shown in Figure 3.  

 

 
Fig. 3: A sterilization of nutrients media by 

using  water bath 

 

In each flask, 15 ml of culture 

was added and then completed to 350 

ml working volume with fresh media 

solution for 14 days at room 

temperature (25 ± 2 °C) and under 

photoperiod artificial light (20 hr 

light/4 hr dark).  

Agitation system was conducted 

by bubbling filtered air at bottom of 

the flask with different periods; 20hr, 

6hr, 2hr and zero hour. All flasks were 

shaken manually thrice a day to meet 

their oxygen demands and keep the 

cell suspension for un-interrupted 

uniform multiplication of algal cell.  

Samples of culture media were 

collected aseptically every 24hr 

intervals by taking a sample 5 ml of 

culture in 10 ml capacity vials to 

evaluate microalgae growth. The 

microalgae growth was determined by 

measuring the optical density (cell 

absorbance) with wavelength 680 nm 

[18, 19], using UV spectrophotometer 
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(GENESYS 10UV, USA) to ensure an 

exponential phase of growth and was 

maintained until it reached the 

stationary phase and correlated to the 

dry weight by a calibration curve. 

While the cell dry weight (biomass 

concentration, g L
-1

) was determined 

by using centrifuge (PLC- 03, Taiwan) 

at 3000 r/min for 20hr and drying by 

exposure to atmosphere for 24 hr, then 

at 60C
0 

until constant weight. Six 

culture samples were tested and 

calibration curve for relationship 

between optical density and cell dry 

weight was determined. 

For comparison study between 

N: P:K fertilizer and Chu-10, two 

batch mode in 500ml conical flasks 

were used.  Value of pH was adjusted 

at 6.23 using (0.1 N) of sodium 

hydroxide and hydrochloric acid. Ten 

mile of green Chlorella vulgaris was 

added to each flask and completed to 

450ml medium and were placed in 

environmental cultivation chamber.  

 

Kinetic Parameters 

The biomass concentrations (X, 

g L
-1

) that estimated via calibration 

curve were used to construct growth 

curve of biomass density versus time 

to determine the specific growth rates 

(μ, d
-1

), doubling time (td, d), 

maximum biomass concentration 

(Xmax, g L
-1

) and volumetric biomass 

productivities (P, g L
-1

 d
-1

).  

The specific growth rate, µ (day
-1

) was 

estimated from Equation 1 [20] 
 

  
   

  
  

  
                             … (1) 

 

Where Xt and X0 are the final and 

initial dry biomass concentrations (g L
-

1
), respectively during the exponential 

logarithmic growth phase and Δt is the 

cultivation time in day during the 

exponential logarithmic growth phase 

[21].  

While, the doubling time (td, d) was 

calculated from Equation 2  [9, 22]. 

 

   
    

 
                                 … (2) 

 

Biomass productivity, P (dry g L
-1

 day
-

1
) in batch mode was calculated from 

the variation in biomass concentration 

within the cultivation time (day) 

according to Equation 3 [23]. 

 

  
       

 
                              … (3)  

 

Where Xt is the dry biomass 

concentration (g L
-1

) at t (day) and X0 

is the dry biomass concentrations at 

inoculation [9, 22]. 
 

Result and Discussion  

 

Comparison Study 

The growth of the microalgae 

cells was estimated by optical density 

(Cell absorbance at 680 nm) every day. 

For counting, a 5 ml sample was 

aseptically removed from each culture 

using 10 ml capacity vials then 

correlated into dry weight by the liner 

regression y = 0.264 x. where’s y is the 

biomass concentration (g L
-1

) and x is 

the optical density (cell absorbance at 

680 nm). Cell dry weight (biomass 

conc.) was measuring by weighted the 

cells after filtering and dried it at 60 °C
 

for one hour.  Then the growth curves 

of microalgae, specific growth rate (µ, 

d
-1

), doubling time (td, d) and biomass 

productivity (g L
-1

 d
-1

) were 

determined for each medium. 

Figure 4 shows the characteristic of 

growth curves (lag, exponential, 

stationary and declining phases). It can 

be seen that the production of cell dry 

weight for the microalgae with NPK 

medium was more than that produced 

if the Chu-10 was used as a cultivation 

medium. In addition, with the 

N:P:K+TE fertilizer medium, the rate 
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of growth reached the peak on the 11
th

 

day, while in the Chu.10 medium the 

rate of growth reached the peak on the 

14
th

 day. The maximum biomass 

concentration reaches to 0.3249 g L
-1

 

when cultivated in NPK fertilizer, 

whereas reached to 0.212 g L
-1

 for 

cells cultivated in Chu.10 medium. 

Figure 5 shows the Photographic View 

of the batch cultivation using NPK and 

Chu-10 medium. 
  

 
Fig. 4: the growth curve of Chlorella vulgaris 

cultivation in Chu.10 and NPK commercial 

fertilizer 

 

 
Fig. 5: Photographic View of the batch 

cultivation using N: P: K+TE fertilizer media 

and Chu-10 media 

 

Maximum specific growth rate 

(µ, d
-1

) was also 0.375 d
-1

 and 0.249 d
-1

 

for NPK fertilizer and Chu.10 medium 

respectively. Biomass doubling time 

(td, d) was 1.8 day for NPK fertilizer 

while 2.7 day for Chu.10 medium as 

indicated in Figure 6. While the 

productivity of Chlorella vulgaris cells 

was 0.0328 g L
-1

 d
-1 

obtained in NPK 

fertilizer and 0.019 g L
-1

 d
-1 

obtained in 

Chu.10 medium. 

 

 
Fig. 6: Specific growth rate and doubling time 

for Chlorella species in both medium 

 

From above results, it can be seen that 

NPK fertilizer is preferred as 

cultivation media commercially and 

biologically. Therefore; the current 

study used the NPK medium in 

microalgae cultivation at different 

aeration periods. Since, the results in 

this article agree with most of the 

literature concerning the use of 

commercial agricultural fertilizers, on 

the fact that the commercial fertilizer 

preparations can be as effective as 

analytical grade reagent for microalgae 

cultivation. It is well known, however, 

that the composition of culture media 

not only affects the cell productivity, 

but also affects yield of specific 

products and cell composition [24-26]. 
 

Effect of Aeration System on 

Growth Rate of Microalgae 

The mathematical relationship between 

the optical density (with wavelength 

680 nm) and the cell dry weight of 

Chlorella vulgaris was determined by 

the linear regression, as shown in 

Figure 7.  

 

                                         … (4) 

 

Where   is the biomass 

concentration, which measured in (g L
-

1
), and X is the optical density (OD680 

nm). The optical density was used to 

precisely predict the biomass 

concentration (R
2
 ˃0.991; p <0.001).  
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Therefore, the measured values of 

optical density were used to calculate 

the biomass of Chlorella species in 

each experiment according the 

estimated equation in this study, to 

investigate the effect of aeration period 

by atmospheric air. 

  

 
Fig. 7: Calibration curve for relationship 

between optical density and cell dry weight 

 

In microalgae cultures, the growth 

curve has four growth phases. It starts 

with the lag or induction phase, which 

little increase in growth rate as cell 

density occurs. Then the logarithmic 

phase in which the growth rate 

increases exponentially by depending 

on many factors such as algal species 

or type, medium temperature and light 

intensity. In addition, the stationery 

phase is the constant phase in which 

the cell density become relatively 

constant. And finally death phase in 

which occur declining in growth rate 

when the cell divisions decreases 

because some factors become 

influential to growth rate such factors 

as nutrients medium concentration, 

dissolved CO2 and O2, pH, light and 

contamination risk. The present paper 

studied these phases through the 

growth curves as shown in Figure 8. 

From this figure, it can be seen 

that the curves have a close biomass 

concentration during the first two day 

(lag phase). However, there is a 

significant increase in the rate of 

growth when increasing aeration time, 

as can be seen with 20 hr per day 

aeration compared with other periods 

aeration (i.e.6 and 2 hours). Moreover 

the stationary phase at 9
th

 day 

comparable to other curves which have 

low growth and reach stationary phase 

at 11
th

 day ,11
th

 day and 8
th

 day when 

the culture aeration with 6 hr, 2hr and 

zero hr (control) per day respectively. 

As the cells grew up to plateau stage, 

the maximum biomass concentration 

(Xmax, g L
-1

) observed 0.32 g L
-1

 for 20 

hr aeration ,0.262 g L
-1

 for 6 hr 

aeration, 0.152 g L
-1

 for 2 hr  aeration 

and 0.069 g L
-1

  for control but the last 

concentration obtained with longer 

time than the first one.  
 

Fig. 8: Effects of different aeration time on the 

growth of Chlorella vulgaris 
 

From these results we note that it 

agrees with the requirements of algae 

growth it needs to be ventilated as a 

source of carbon dioxide with light, 

nutrients and water needed for 

photosynthesis and note that in case of 

increased ventilation increases the 

efficiency of the process of 

photosynthesis and so increasingly 

turning inorganic carbon to Organic 

Carbon help of sunlight in with 

metabolism cellular. The 

photosynthesis process in microalgae 

chloroplast can offer reasonable 

explanation about importance of 
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aeration system in such of current 

process, since the synthesis of glucose 

for microalgae carries out using carbon 

dioxide and water according to 

Equation 5 

 
             

           
→                  

… (5) 

 

The Gibbs free energy (∆G) of 

the above reaction is + 2823 KJ mol
-1

 

[27], thus this reaction is 

unspontaneous reaction 

thermodynamically. In fact the current 

process acts as chemical reaction 

which needs for enzymes as biocatalyst 

or external energy to occur. Otherwise, 

it is difficult of occurrence of above 

reaction within thermodynamic 

concepts, since it is endogenic 

reaction. However, the scenario of this 

process can be changed when the 

kinetic energy is supplied by molecular 

through the conversion and storage the 

absorbed light into ATP and NADPH2 

form as shown in Figure 9 [28]. 

 

 
Fig. 9: Schematic mechanisms of 

photosynthesis in algae chloroplast 

 

The supplied energy has a 

sufficient ability to break existing 

bonds and formation new bonds. 

Several enzyme catalyzed reactions 

may possibly progress in either the 

forward or opposite path way 

according to variation of light, 

temperature, concentration of reactant, 

and pH. Therefore and  to evaluate the 

directionality of the biological 

reaction, ∆G that consider as one of the 

most essential application in 

thermodynamic, can be used to do 

work in biochemistry reaction [29].  

The previous studies have 

applied these principals by removal of 

the products to make spontaneous 

reaction and to produce more products 

such as production of biohydrogen and 

carbon dioxide from glucose via 

specific bacteria. Park et al. [30] found 

that the overall H2 production 

increased here by 43% with chemical 

scavenging of the carbon dioxide 

concentration in the head space of the 

reactor due to reduction of partial 

pressure of H2 and CO2. Alshiyab et al. 

[31]; and Tanisho et al. [32] 

demonstrated also that the removal of 

carbon dioxide by sparging the reactor 

with inert gas such as nitrogen leads to 

increase the H2 production.  Other 

researcher found similarity result such 

as Mizuno et al. [33] investigate that 

sparging culture with N2 gas make H2 

increased by 68%, and found that 

hydrogen yield 1.43 mole /mole 

glucose under N2sparging. Kraemer 

and Bagley [34] found the optimum N2 

sparging at a rate 12ml (min. L-liquid)
-

1
 maximised the yield of hydrogen at 

approximately (2 mole H2 / mole 

glucose), versus1mole H2/ mole 

glucose when no N2 sparging. Liang et 

al.[35] also indicate increasing in H2 

production at about 15% due to the 

reducing partial pressure of H2, when 

remove the dissolved gasses by using 

silicon rubber membrane. Therefore, 

the directionality of a reaction is be 

estimated merely by the concentrations 

of the products and reactants that are 

existent, this applied for biochemical 

processes that happen at constant 
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temperature and pressure. The 

important spontaneous reaction in 

biological system is the hydrolysis of 

ATP.  

The current results supported this 

principle;   since decreasing the 

concentration of the product (e.g.O2) 

caused the reaction proceed to the 

forward direction as shown. Hence the 

reaction comes to be more 

thermodynamically promising and 

move towards to the producing further 

products. 

The maximum specific growth 

rate (µmax, d
-1

) and biomass doubling 

time (td, d) at each different aeration 

time can be calculated and shown in 

Figure 10 and Figure 11 respectively. 

It is clear that the maximum value of 

growth rate (0.384 d
-1

) and shortest 

doubling time  (1.8 day) where 

reported for the cells aerated at  20 hr 

per day. 

 

Fig. 10: Maximum specific growth rate for 

Chlorella vulgaris at different sparging time 
 

 
Fig. 11: Doubling time for Chlorella vulgaris 

at different sparging time 

A notable increase in maximum 

growth rate can be observed in these 

cultures with longer aeration time 

compared to that lowest aeration time, 

as shown from Figure 10. The lowest 

maximum specific growth rate value 

(0.17 d
-1

) for culture no aeration 

(control), while the maximum specific 

growth rate increased to around (0.348 

d
-1

) for culture aeration with 20hr. The 

maximum specific growth rate value 

for cultures aeration with 6hr and 2hr 

are (0.33 d
-1

) and (0.266 d
-1

) 

respectively.  

In addition, the shortest biomass 

doubling time (td, d) was 1.8 day at 20 

hr aerated while the longest td was 4 

days at control and at 6hr and 2hr 

aeration were 2.1 and 2.6 days 

respectively as notice in Figure11. 

Therefore, as maximum growth rate 

increased, biomass doubling time 

decreases, and cultivation becomes 

more economically sustainable. 

Whereas microalgae can duplicate their 

biomass in less than 7 days, higher 

plants take many months or years [36]. 

In our study, the doubling time was 

equal to or less than 4 day.   

Table 1 shows the main kinetic 

parameter (maximum specific growth 

rate µmax, biomass doubling time td, 

maximum biomass productivity Pmax 

and maximum cell concentration X 

max) for culture Chlorella species at 

different aeration time. 
 
Table 1: Kinetic parameters (µmax,  td,  Pmax , 

Xmax ) for Chlorella vulgaris at different 

aeration time 

Aeration 

Time 

(hour) 

µmax  

(day
-1

) 

td 

(day) 

Pmax 

 (g L
-1

. 

d
1
) 

Xmax 

(g L
-1

) 

20hr 0.384 1.8 0.032 0.32 

6hr 0.33 2.1 0.0234 0.262 

2hr 0.266 2.6 0.0127 0.152 

Control 0.17 4 0.0058 0.069 

 

The productivity of Chlorella 

vulgaris (as a function of time) as 
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given in Table 1, increases with 

aeration period increase. It can be seen 

that the best Chlorella vulgaris 

obtained from the experiments that has 

a specific growth rate (µmax = 0.384 d
-

1
), biomass doubling time (td = 1.8 

day), maximum biomass productivity 

(Pmax =0.0326 g L
-1

 d
-1

), and maximum 

cell concentration (Xmax = 0.32 g L
-1

). 

All these results were obtained when 

the process was operated under 20 hr 

culture aeration. Previous studies have 

reported similar values, for example 

Blair et al. [37] and Gonçalves 

[38].They obtained 0.369 d
-1

 and 393 

d
-1

 as a maximum specific growth rate 

as well as 0.038 g L
-1 

d
-1

 and 0.07 g L
-1 

d
-1

 as a biomass productivity 

respectively, although, they have used 

carbon dioxide gas in the aeration 

system as a main source for carbon and 

as a regulator of the pH.  

From above it can be seen that 

the aeration system plays an important 

role in metabolic bioreactions via 

reduction the partial pressure of 

oxygen by removal of products gases 

(oxygen) to be more 

thermodynamically promising and 

move towards to the producing further 

products or as source of the carbon 

dioxide that found in air even with 

little percentage. 

 

Conclusion  

The current article suggested 

utilization of NPK fertilizer for 

bioprocess application (microalgae 

culture).  In addition, different aeration 

periods were investigated in present 

study as well. The experimental data 

showed there is enhancement in 

growth rate of Chlorella vulgaris in 

commercial fertilizer NPK medium 

was more that with Chu.10 medium. 

For example, with the rate of growth 

reached the peak on the 11
th

 day, while 

in the Chu.10 medium the rate of 

growth reached the peak on the 14
th

 

day. The maximum biomass 

concentration reaches also to 0.3249 g 

L
-1

 when cultivated in NPK fertilizer, 

whereas reached to 0.212 g L
-1

 for 

cells cultivated in Chu.10 medium. 

The present study proved that 

application of aeration system for the 

microalgae culture has a significant on 

growth rate, since the bioreactions 

become thermodynamically favorable 

and provide impetus for a higher level 

of production.  Moreover, this article 

demonstrated that the production of 

Chlorella vulgaris increases when the 

sparging periods increase.  
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Nomenclature 
 

X biomass concentration, (g L
-1

) 

Xt biomass concentration at any 

time t, (g L
-1

) 

X0 biomass concentration at the 

inoculation, (g L
-1

) 

d Time (day) 

OD680 optical density at 680 nm 

wavelength 

td doubling time (day) 

Δt cultivation time in day during 

the exponential growth phase        

Xmax Maximum biomass 

concentration, (g L
-1

) 

Pmax Maximum volumetric 

productivity, (g L
-1

d
-1

) 

μ max    maximum specific growth rate 

(day
-1

)
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