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Stanieria strain HS-48 from Ciater hot spring, Indonesia contains lipid content in the 
form of fatty acids that can be used as a raw material for biodiesel. Optimization of the 
growth medium was used to produce high contents of microalgal lipids. The growth 
medium in this study utilized NPK medium with the addition of variations in the 
concentration of mung bean sprout extract 2% and 4%. This study aimed to determine 
the best concentration of mung bean sprout extract in NPK medium for the highest 
biomass and lipid production of Stanieria HS-48. The experiments were conducted in 
airlift photobioreactors (APBR) for 19 days. The highest total cell density of Stanieria 
HS-48 in NPK medium with the addition of variations in the concentration of mung 
bean sprout extract 2% and 4% were 6.165 x 106 and 4.702 x 106 cell/ml. The lipid 
content of the biomass from Stanieria HS-48 on NPK medium with the addition of mung 
bean sprout extract 2% and 4% were 62.9% and 44.8%. The study showed that the NPK 
medium with the addition of the concentration of mung bean sprout extract 2% was a 
good growth medium for increasing biomass and lipid of Stanieria HS-48. 
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1. Introduction 
 

Microalgae has the potential to be used as renewable energy resources [1]. Microalgae have 
more efficient CO2 uptake compared to terrestrial plants about 10–50 times higher. The CO2 can be 
used or stored as feedstock to produce biomass in the photosynthesis pathway. Microalgal biomass 
contains lipids that can be processed into many potential energy products such as biodiesel, syngas, 
hydrogen, or methane. Dunaliella salina is one of a few microalgae that can be cultivated to produce 
the lipid. D. salina can produce total lipids with a percentage of 40.65% from 551 mg of biomass [2]. 
One of the microalgae that have the potential to produce biofuel is cyanobacteria. Stanieria HS-48 is 
one of the indigenous cyanobacteria that has the potential to produce lipid, due to the composition 
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of fatty acid in Stanieria HS-48 such as polyunsaturated fatty acid with a percentage of 32.15%, 
monounsaturated fatty acid with a percentage of 53.24%, and hydroxy-substituted fatty acid with a 
percentage of 14.61% [3].  

To produce microalgae biomass for biofuel production on an industrial scale, optimization on the 
growth medium is needed to cost efficiency. The NPK medium is the most used for the economical 
medium of microalgae. However, the nutrient in the NPK medium was not optimum for the growth 
of Stanieria HS-48, so it needed natural substances such as mung bean sprout extract because it 
contains macronutrient, micronutrient, and vitamin. The research of mung bean sprout extract for 
growth media had been done by Prihantini et al., [4]. Based on the results shown the optimum 
concentration of mung bean sprout extract for the growth of Scenedesmus in ranging 2—4% [4]. The 
research about the addition of variations in the concentration of mung bean sprout extract in NPK 
medium for Stanieria HS-48 for an alternative medium has not been done, therefore it is needed. 
NPK medium with the addition of variations in the concentration of mung bean sprout extracts 2% 
and 4%. So, the study aimed to determine the effect of mung bean sprout extract in NPK medium for 
biomass and lipid production of Stanieria HS-48. The addition of mung bean sprout extract with the 
right concentration was expected to increase the biomass and lipid production of Stanieria HS-48 as 
a potential biofuel. 
 
2. Methodology  
2.1 Microorganism and Culture Medium 
 

Stanieria HS-48 was isolated from Ciater hot spring, as indigenous cyanobacteria [5]. The strain 
was enriched in BBM as a basal growth medium and incubation at 30 °C. The culture medium was 
BBM as control and NPK with the addition of the mung bean sprout extract as a treatment. The 
concentration of mung bean sprout extract that used was 2% and 4%. The NPK medium with the 
addition of mung bean sprout extract 2% and 4% were made by mixing 350 mg of NPK 12:12:17 
fertilizer and 20 mL and 40 mL of mung bean sprout into distilled water. The components 
homogenized using a magnetic stirrer at a speed of 1200 rpm for 15 minutes and sterilized by 
autoclave.  
 
2.2 Extraction of Total Lipid 
 

Lipid extraction was done with the modification of Bligh & Dyer methods (1959). The biomass of 
Stanieria HS-48 centrifugated at a speed of 6,000 rpm for 15 minutes. After that, a mixture of 
chloroform and methanol in proportions 1:2 was added to the biomass, then the mixture was 
sonicated for 30 minutes. A mixture of distilled water and chloroform in proportions 1:1 was added 
then the mixture was sonicated again for 30 minutes. After that, the mixture was centrifugated with 
4,000 rpm for 15—20 minutes. The supernatant was collected then transferred to a separatory 
funnel, in order to separate the chloroform and lipid layer. Later, the biomass and the lipid were dried 
by using an oven with a temperature of 105 °C for 2 hours. Then, the dry lipid was collected and 
measured with Eq. (1) [6]. 
 

𝐿 =
𝐷𝐿𝑃

𝐷𝐶𝑊
× 100%                                                                                                                                              (1) 
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2.3 Data Collection 
 

Stanieria HS-48 was incubated into the airlift photobioreactors (APBR) system as shown in Figure 
1 below for 19 days. The specifications of the airlift photobioreactors (APBR) system for this study 
are listed in Table 1. Macroscopic and biomass growth data were collected every 24 hours. For the 
macroscopic data, the color of biomass was compared based on Faber castell standard. The Stanieria 
HS-48 cell was observed directly under a microscope for the microscopic data. Complementary data 
of environmental factors, such as temperature, pH, and light intensity were also collected for further 
research.  
 

 
Fig. 1. Design of the airlift 
photobioreactors (APBR) 
system 

 
Table 1  
Specifications of the airlift photobioreactors (APBR) system 
Description  Specifications  

Main Frame Height 30 cm 
Main Frame Diameter 10 cm 
Inner Air Pipe Length 25 cm 
Thick Lid 5 cm 
Outer Air Pipe Length 5 cm 
Lid Diameter 10,5 cm 
Out Port Pipe Length 7 cm 
Harvest Hole Dimensions (Length × Width) 6×4 cm 
Flow Hole Dimension (Length × Width) 3×5 cm 
Maximum Volume 2,3 Liter 
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3. Results and Discussion 
3.1 Physiology Mechanisms for Biomass Production of Stanieria HS-48 
 

The color of the Stanieria HS-48 starter was moss green. On day 18, the last day of observation, 
the color appearance of Stanieria HS-48 on NPK medium with addition of the concentration of mung 
bean sprout extract 2% and 4% have changed from moss green into very dark green (sap green) as 
shown in Figure 2. The change of colors indicates the rise of Stanieria HS-48 biomass concentration. 
It was affected by nitrogen additions from mung bean sprout extract that could increase chlorophyll 
levels and growth [7]. Also, the NPK medium with the addition of the mung bean sprout extract 
contains a lot of macronutrients and micronutrients for chlorophyll formation, such as nitrogen, 
magnesium, iron, and zinc [8]. 
 

  
(a) (b) 

  
(c) (d) 

Fig. 2. Macroscopic appearance of the biomass of Stanieria HS-48 on day 18 
in each medium (a) BBM (b) NPK (c) NPK + 2% of mung bean sprout extract 
(d) NPK + 4% of mung bean sprout extract 

 
Stanieria cells consist of the vegetative cell and baeocyte. The microscopic appearance of 

Stanieria HS-48 on day 5 was Stanieria HS-48 at the exponential phase that can be seen in Figure 3. 
Based on the observation, Stanieria HS-48 in NPK medium with the addition of mung bean sprout 
extract 2% produce baeocyte with size ranged from 1.15 to 3.01 μm. Meanwhile, Stanieria HS-48 in 
NPK medium with the addition of mung bean sprout extract 4% produce baeocyte with size ranged 
from 1.41 to 4.42 μm. The cell size of Stanieria HS-48 in NPK medium with the addition of mung bean 
sprout extract 2% was smaller than Stanieria HS-48 in NPK medium with the addition of mung bean 
sprout 4%. Generally, the vegetative cells have size ranged from 7.04 to 17.77 μm and baeocytes 
have size ranged 1.6—6.88 μm [9]. 

Based on the observation of baeocytes and vegetative cells, the number of baeocyte cells is more 
than vegetative cells. It was showed that vegetative cells act in multiple fissions to produce baeocyte 
cells. Multiple fission that occurred in vegetative cells produce 25—26 baeocytes. Environmental 
factors, such as temperature can affect the condition of vegetative cells for the relative frequency of 
multiple fission. In temperature within the range of 20—30 °C was the optimum condition for 
multiple fissions [10]. Supported by environmental factors, the NPK medium with the addition of 
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mung bean sprout extract 2% was optimum for Stanieria HS-48 which produces a lot of baeocyte. 
Mung bean sprout extract contains nutrients such as carbohydrate, protein, and fat. The polymer will 
be broken down into its constituent monomers which will be converted to acetyl Co-A. Acetyl Co-A 
product will enter the Krebs cycle and proceed to electron transport to produce Adenosine 
Triphosphate (ATP) for growth and division cells [11]. 
 

  
(a) (b) 

  
(c) (d) 

Fig. 3. Microphotograph of Stanieria HS-48 on day 5 in each medium (a) BBM (b) NPK (c) NPK + 
2% of mung bean sprout extract (d) NPK +4% of mung bean sprout extract 

 
The addition of mung bean extract at various concentrations (2% and 4%) into the NPK 350 ppm 

affects the cell density of Stanieria HS-48. Based on the results, the cell density in each treatment has 
differences that might be affected by the concentration of the addition of mung bean sprout extract. 
The addition of mung bean sprout extract 2% in NPK medium has the highest total cell density at 6.1 
x 106 cell/mL (Figure 4). Meanwhile, the highest cell density of Stanieria HS-48 in NPK medium with 
the addition of mung bean sprout extract 4% was 4.7 x 106 cell/mL. It was shown that the optimum 
concentration of mung bean sprout extract was 2% because the cell density in NPK medium with the 
addition of mung bean sprout extract 2% was higher than in NPK medium with the addition of mung 
bean sprout extract 4%. Mung bean sprout extract 4% in NPK medium might have nutrients more 
than needed by Stanieria HS-48, so this phenomenon decreases the growth of cells. 
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Fig. 4. The total cell density of Stanieria HS-48 

 
3.2. Measurement of Stanieria HS-48 Growth Rate and Doubling Time 
 

The growth rate can increase in cells per unit times during the exponential phase [12]. So, the 
growth rate can be calculated from Eq. (2). 
 

𝑟 =  
ln (

Nt
N₀

)

∆t
                                                                                                                                                          (2) 

 
Where N₀ is the population size at the beginning of a time interval, Nt is the population size at the 
end of the time interval, and r is the rate of change. Units for r is always expressed per unit time (t-1) 
[12]. Then, the growth rate r can be converted to doublings per day (k), according to the Eq. (3). 
 
𝑘 =  𝑟 

0.6931⁄                                                                                                                                                      (3) 

 
Based on all the equations, the growth rate of Stanieria HS-48 can be equated. Equations start 

from t4 until t₅ and done for in all treatments. Based on the equations of the growth rate (r) and 
doubling time (k) shown in NPK medium with the addition of mung bean sprout extract 2% are higher 
rather than control medium summarized in Table 2.  
 

Table 2 
Growth rate and doubling time of Stanieria HS-48 
Growth Medium r (%) k (%) 

BBM 11  15.8 
NPK + 0% of bean sprout extract 148 213.5 
NPK + 2% of bean sprout extract 156 225 
NPK + 4% of bean sprout extract 94 135.6 
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3.3. Total Lipid of Stanieria HS-48 
 

Stanieria HS-48 grew in NPK medium with the addition of mung bean sprout extract has higher 
total lipid than the control medium shown in Table 3 and Figure 5. The result indicates that 
macronutrient and micronutrient in NPK medium with mung bean sprout extract support lipid 
accumulation, with the highest total lipid was achieved in Stanieria HS-48 in NPK medium with the 
addition of mung bean sprout extract 2% at 62.9%. The nutrient in mung bean extract affects the 
photosynthesis pathway. Manganese (Mn) is one of the micronutrients in the mung bean sprout that 
acts as an enzyme activator in light reaction. Besides, one of the vitamins in mung bean sprout was 
biotin that acts in CO2 fixation-reaction [11]. It causes the photosynthesis process to increase, which 
leads to more ATP for lipid production [13]. Meanwhile, the less total lipid was produced in Stanieria 
HS-48 in NPK medium with the addition of mung bean sprout extract 4%. It might happen because 
there are too many nutrients in NPK medium with the addition of mung bean sprout extract 4% which 
may interrupt cell metabolism. One of the micronutrients that can be toxic in high concentrations is 
copper (Cu). Higher copper in the medium can interrupt the process of electron transport in the 
photosynthesis pathway [14], so it can affect the NADPH forming that is needed for CO2 reduction in 
the Calvin cycle [15], resulting in lipid production decrease. In order to enhance biofuel production 
in the areas of lipid extraction for biofuel production [16], so the addition of mung bean sprout 
extract in NPK medium are required. 
 

Table 3 
The dry weight and lipid percentage of Stanieria HS-48 on day 21 
Growth Medium Dry weight biomass (g) Dry weight lipid (g) Lipid 

BBM 0.143 0.025 17.4% 
NPK + 0% of bean sprout extract 0.062 0.031 50.0% 
NPK + 2% of bean sprout extract 0.116 0.073 62.9% 
NPK + 4% of bean sprout extract 0.243 0.109 44.8% 

 

 
Fig. 5. The lipid percentage of Stanieria HS-48 

 
4. Conclusions 
 

Based on observation for 18 days, the NPK medium with addition of the concentration of mung 
bean sprout extract 2% and 4% were able to grow Stanieria HS-48. The NPK medium with the addition 
to the concentration of mung bean sprout extract 2% can produce biomass and lipid more than the 
control medium (BBM) and NPK medium with the addition to the concentration of mung bean sprout 
extract 4%. The highest total lipid was Stanieria HS-48 in NPK medium with the addition to the 
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concentration of mung bean sprout extract 2% was 62.9% with the highest cell density was 6.1 x 106 

cell/mL. 
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