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Abstract: Microalgae are one of valuable alternate energy sources by biomass production. Microalgae can be 

extracted and converted to produce different types of biofuels such as biomethane; bioethanol; and biohydrogen. 

This study was focused on biomass production methods of marine microalgae Dunaliella sp. in Arshcat and 

Walne growth medium. This study uses experimental method with inorganic medium as an independent variable 

while cell concentration and chlorophyll-a content as dependent variables. Cell concentration and chlorophyll-a 

are measured by turbidimetry and spectrophotometry methods, respectively. The results showed that the cells 

concentration equal to pigment concentration. In Arschat medium, the growth period of Dunaliella sp. is shorter 

than in Walne medium. It was indicated that Arschat medium is enable to be used as a new methods for biomass 

culture for Dunaliella sp. 
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1. Introduction 

Microalgae are one of marine microorganisms that potential in developing of alternate energy for its ability 

to produce higher biodiesel than soybean oil[1]. In advantages, microalgae are capable of all year round 

production; therefore, oil productivity of microalgae cultures exceeds the yield of the best oilseed crops. 

Microalgae can be cultivated in brackish waters, therefore, the environmental impacts that occur can be 

minimized, while not compromising the production of food, fodder and other products derived from crops[2]. In 

the industry, microalgae have been used as source for a wide variety of practical and potential metabolic 

products, such as food supplements, pharmacological substances, lipids, enzymes, biomass, polymers, toxins, 

pigments, tertiary wastewater treatment, and green energy. Microalgae are also important in aquaculture as they 

are a source of nutrients and have great importance in production of oxygen, in consumption of carbon dioxide, 

and in consumption of nitrogen-based compounds such as ammonium[3]. 

The potentially microalgae that can be found in the waters of Indonesia is Dunaliella sp. The existence of 

this type plays an important role in the aquatic environment as the primary producer. This photosynthetic 

microalgae have chlorophyll to capture solar energy and carbon dioxide into organic carbon that is useful as a 

source of energy for life[4]. Dunaliella sp. contains chlorophyll-a and chlorophyll-b, carotenoids and  

Xanthophyll including β-carotene, α-carotene, cis-γ-carotene, lutein, 5.6-epoxid lutein, antheraxanthin, 

violaxanthin, zeaxanthin, and neoxanthin, but more prominent are lutein and β-carotene under proper inductive 

conditions[5][6]. Dunaliella sp. also known as the most halo tolerant eukaryotic organisms known, showing a 

remarkable degree of adaptation to a variety of salt concentrations from 0.2-35%. 

Although Dunaliella sp. is a unique microalgae, many challenges in the development of culture for 

sustainable production and utilization. Therefore, it will be important to find the best methods for cultivation, 

ISBN 978-93-84422-85-1 

11th International Conference on Chemical, Agricultural, Biological and Environmental Sciences 

(CABES-2018) 

April 17-18, 2018 Kyoto (Japan) 

https://doi.org/10.17758/IICBE1.C0418130 8



where environmental conditions are favorable for biomass production. One of the most effort to increase the 

production rate of microalgae is medium modification. In 2013, first introduced Arschat medium for biomass 

production of microalgae[7]. This medium use of sea water with the addition of several chemicals can provide 

maximum growth in a short period of microalgae. By considering that factors, Arschat medium is feasible to be 

tested on Dunaliella sp. The aims of this research are to investigate the effect of different medium to cell growth 

of Dunaliella sp. and to investigate the effect to chlorophyll-a content.  

2. Material and Methods 

2.1. Dunaliella sp. cells 

Microalgae are grown in two mediums, where Walne medium used as check medium. All chemical reagents 

using were analytical grade and sterilized water. The preparation of Arschat medium are listed in table 1 and 

table 2. Walne medium composition are listed in table 3. The preparation of microalgae was cultured for 7 days. 

The culture condition as following 25–30oC of temperature, 30 ppt of salinity and light intensity by using TL 40 

watt. During cultivation, the physico-chemical parameters were maintained include salinity of the medium, CO2 

gas from aeration, temperatures between 25-27oC and pH of seawater medium between 7.0-9.0. Cell density 

was calculated by Petroff-Hausser and turbidimetry methods. In Petroff-Hausser methods, determination of 

microalgae growth pattern was carried out by counting the number of cells per milliliter medium. Samples were 

dripped about 0.1-0.5 ml on a haemocytometer, then observed through a microscope. Cell density of Dunaliella 

sp. measured daily. Sample measured by UV-Vis spectrophotometer at 680 nm of wavelength.  

TABLE I: Macro Composition of Arschat Medium 

No. Reagent Conc (mM) MW g/L Note 

Uses 

Gram (ml/L) 

1. NaCl 400 58.45 23.38 Direct addition   

2. MgSO4.7H2O 20 246.48 4.930 Direct addition   

3. KNO3 3 101 0.303 Stock 1 M/100 ml 10.1 3 

4. KH2PO4 1 136 0.136 Stock 1 M/100 ml 13.6 1 

5. CaCl2.2H2O 10 110.99 1.110 Stock 1 M/1000 ml 110.99 10 

               Medium: Mixed (1, 2, 3, 4, and 5) in 775 ml water 

TABLE II: Micro Composition of Arschat Medium 

No. Reagent 
conc 

(µM) 
MW 

Stock 1 

(M/ml) 

Uses 
Stock 2 

(M/ml) 

Uses (ml) 

Gram (ml/L) 
Stock 

1* 

Stock 

2+ 

1. H3BO3 400 61.81 0.4/100 2.4724 1 0.4/100 1 1 

2. ZnSO4.7H2O 2 191.37 0.2/100 3.8274  0.02/100 1 1 

3. MnSO44H2O 2 223.06 0.2/100 4.4612  0.01/100   

4. CuSO45H2O 0.1 249.50 0.01/100 0.2495  0.01/100 1 1 

5. CoCl26H2O 0.1 273.75 0.01/100 0.2738  0.01/100 1 1 

6. (NH4)6Mo7O244H2O 0.1 1253.58 0.01/100 0.9016     

7. NaFeEDTA 20 367.10 0.2/100 7.342     

8. NaSiO39H2O** 100 259.09 0.1/100 2.6909 1 -   

9 Tris mix (7.8) 0.023% =  0.023 Tris mix in 100 g water (ρ water = 1 g/ml) 

 TRIS-HCl  157.6  0.01722     

 TRIS-base  121.4  0.00778     

10. Vitamin mix:     1    

 

Biotin 

Vit B1 

Vit B2 

  100 

0.2 

0.15 

0.2 

    

Note: *1 ml stock 1 to make stock 2 

**for diatom 
+1 ml stock 2 to make 1 ml medium 
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2.2. Measurement of Chlorophyll Content 

Measurement of chlorophyll content of Dunaliella sp. was performed by using HITACHI spectrophotometer 

type U-2900. Samples were taken 80 ml then divided into 8 parts and centrifuged at 5000 rpm for 5 minutes. 

TABLE III: Composition of Walne Medium
 

Composition Walne (gram) 

Nutrient solution: 

NaH2PO4.2H2O 20 

NaNO3 100 

Na2EDTA 5 

Na2SiO3 40 

MnCl2.H2O 0,36 

FeCl3 1,3 

H3BO3 10 

Water 1000 ml 

Trace metal solution: 

ZnCl2 21 

CoCl2.6H2O 2 

(NH4)8.Mo7O24.4H2O 0,9 

CuSO4.7H2O 20 

FeCl3.6H2O 3,15 

Water 100 

Vitamin: 

Vitamin B12 0,1 

Thiamin 20 

Biotin 0,1 

After the centrifuge process is complete, the supernatant is removed. The pellet then extracted with 1 ml 

acetone 90% and MgCO3 1%. The samples were homogenized manually for approximately 5-10 minutes. The 

chlorophyll content is calculated refer to (1). 

                                         

                                                                                                                           (1) 

                                                                                                     

K : chlorophyll content (mg/m
3
) 

Va : volume of acetone (ml) 

V : volume of filtered water sample (ml) 

D : cuvet diameter 

Ca : chlorophyll-a: (15.6 E665) - (2.0 E645) - (0.8 E630) 

  chlorophyll-b: (25.4 E645) - (4,4 E665) - (10,3 E630)
[8]

 

E : absorbance at different wavelengths (corrected by 750 nm    

 wavelength) 

 

3. Result and Discussion 

3.1. Dunaliella sp. cells  

Measurement of microalgae by turbidimetry method is a fast and efficient indirect method of enumeration 

for estimating in liquid medium by measuring turbidity of culture
[9]

. The growth curve was showed the relation 

of the cells and absorbance that deviated linearly with cell concentration. In unicellular organism, optical density 

value (OD) is linear with population of the cell as a represent of the cell concentration. When the result showed 

that the value of transmitted light decrease, then the cell population of microorganisms in the solution were 

increased. To estimate the growth of microorganism culture, OD value should be correlated with result of direct 

counting by standard curve. The procedure was carried out by determine the turbidity of microorganisms in 

specific medium and then visualizing that turbidity by direct counting to find out amount of organism. 

Meanwhile, the disadvantages of this method is not selective for dead cells. 
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Fig. 1: Cells Concentration of Dunaliella sp. in Arschat medium 

 

 

 

 

 

 

 

 

Fig. 2: Cells Concentration of Dunaliella sp. In Walne medium 

Standard curve aims to estimate amount of cell by determine the turbidity value. Direct counting was carried 

out by calculation of microalgae use Petroff-Hausser methods or haemocytometer. Initial cells concentration of 

both medium were calculated on 7th days. The result of DO correlated with standard curve as showed in fig. 1 

and fig. 2. 

In Arschat medium, Dunaliella sp. has a quick growth since first day measurement. A lag phase was go on 

for 4 days, log phase on 5th to 11th days and then entering stationary phase. In Walne medium, cell growth of 

Dunaliella sp. tend to be slow. This caused by the cells of Dunaliella sp. were adapting to new condition. During 

that adaption, the cells are very active in metabolic activity but only few do accretion. 

3.2. Chlorophyll Content of Dunaliella sp.   

The microalgae abundance could be indicated profuse habitat. By observing chlorophyll content, the 

abundance of microalgae could be measured. Water fertility was influenced by plankton, chemical factor, 

physics and also chlorophyll-a. The content of photosynthetic pigments (especially chlorophyll-a) in the sample 

water describes the biomass of microalgae in a water. Therefore, to estimate the abundance of living cells of 

Dunaliella sp. in medium, the parameters used are chlorophyll-a. The result of chlorophyll-a content of 

Dunaliella sp. in both medium showed in fig. 3 and fig. 4. 
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Fig. 3: Chlorophyll-A Content of Dunaliella sp. in Arschat Medium 

 

 

 

 

 

 

 

 

 

 

Fig. 4: chlorophyll-a content of Dunaliella sp. in Walne medium 

The process of photosynthesis requires energy that obtained from the absorption of light by photosynthetic 

pigments. Light absorbing pigments at Dunaliella sp. are chlorophyll-a and other pigments such as carotenoids 

and xanthophyll. Chlorophyll-a is the only pigment that can distribute the light energy they absorb to 

photosynthesis, while other pigments simply transfer the light energy absorbed into chlorophyll-a[10]. Therefore, 

it is generally believed that chlorophyll-a is a pigment involved directly in the process of transforming light 

energy into chemical energy [11]. Chlorophyll-a concentration can be used as a measure of microalgae biomass. 

while the abundance of microalgae is related to the natural cycle of nutrient availability and nitrate and 

phosphate input. therefore, the content of chlorophyll-a microalgae can be used as an indicator of the low level 

of productivity of a waters[12]. 

Based on the results, chlorophyll-a of Dunaliella sp. in the Arschat medium and Walne medium were 

obtained the highest level of 0.217 mg/m
3
, in 7th days and 0.175 mg/m3 in 13rd days, respectively. These results 

indicate that there are significant differences in chlorophyll content of Walne and Arschat mediums. 

Chlorophyll-a content in Arschat medium get the higher value than chlorophyll-a content in Walne medium was 

probably caused by direct addition of MgSO4.7H2O in Arschat medium. Magnesium (Mg) is the only metal 

element that is a component of chlorophyll. While on medium Walne there is no direct addition of magnesium 

element. 

Phosphate and nitrate serve as a limiting factor for the growth of microalgae. In Walne medium, nitrate and 

phosphate content is 100 mg/l and 20 mg/l. while the nitrate and phospate requirements for microalgae optimum 

growth are 0.9 to 3.5 mg/l and 0.09-1.80 mg/l, respectively. These values were exceeds the threshold value of 

the phosphate and nitrate requirement for the growth. Therefore, microalgae were take longer to make adaptation 
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in the medium. Phosphates affect the spread of microalgae especially diatoms. In Arschat medium, the value of 

nitrate and phosphate in Arschat medium is closer to the value of the optimum requirement for microalgae 

growth compared to the Walne medium. this may be the reason the medium Arschat gives better results 
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