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Abstract  

Waters are habitats for biodiversity, one of which is microalgae. Microalga is a very interesting water 

microorganism because it has yet to be expanded into further utilization. This microorganism is 

confirmed to have protein, carbohydrates, lipids, pigments, and other bioactive compounds considered 

the third-generation raw material for biofuel production. Microalgae biomass can be utilized to 

support the fulfillment of functional food. As with the diversity available in water, exploration 

research is carried out to obtain pure isolates to be utilized. Microalgae samples were taken at Pathek 

Beach (East Java Province), Situbondo Regency with the horizontal column method. This study aims 

to analyze the pure isolated strains and identified morphology, analyzing metabolic components such 

as protein and total lipid. The research results include total protein analyzed by the lowry-follin 

method. The total lipid content is analyzed by the soxhlet method. Chlorella pyrenoidosa contains a 

total protein content of 41.556 mg/l and a lipid content of 5,05%.  
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Introduction  

Indonesia is an archipelago with 25.000 islands 

spread from Sabang to Merauke. The water 

area is a habitat for biodiversity (Andréfouët et 

al., 2022; Lasabuda, 2013), which is a unit of 

various ecosystems on earth, including 

macroalgae (Risjani & Abidin, 2020) and 

microalgae (Arsad et al., 2022; Risjani et al., 

2021). Microalgae are aquatic microorganisms 

containing proteins, carbohydrates, lipids, 

pigments, and other bioactive compounds 

(Lafarga, 2020), considered third-generation 

raw materials for biofuel production (Duran et 

al., 2018). The main groups of microalgae are 

Bacillariophyceae, Chlorophyceae, Cyanoph- 

yceae, and Chrysophyceae (Ghayal & Pandya, 

2013).  

Chlorella pyrenoidosa is classified into green 

microalgae (Chlorophyceae) with high 

biotechnology potential (Garrido-Cardenas et 

al., 2018). Chlorophyceae has high adaptability 

to various environmental conditions and high 

productivity in cultivation systems because the 

benefits contained therein can be utilized for 

various fields of biotechnology (Baldisserotto 

et al., 2022; Mathur et al., 2021). This 

microorganism has a spherical cell shape with 

a size of 2-10 µm and contains chlorophyll 

(Daliry et al., 2017). The cell structure is simple 

and requires light, water, and nutrients to grow 

properly (Lu et al., 2019). The culture medium 

must have sufficient nutrients for optimal 

microalgae growth. The components essential 

to support microalgae growth include the 

elements C, N, P, S, Fe, and Mg. The 

composition contained in the microalgae media 

also affects the target microalgae (Zeng et al., 

2021).  

The abundance of microalgae in Pathek Beach, 

Situbondo, Indonesia, has yet to be fully 

exploited. The richness abundance is due to the 

lack of identification activities from 

microalgae. Through isolation to the pure stage 

of microalgae isolates from the results of 

sampling in these waters, identification of 

Chlorella pyrenoidosa isolates 

morphologically and screening for protein, and 

total fat content can be identified.  

  

Material & Methods Material:  

This research started by isolating samples from 

Pathek Beach, Situbondo Regency, Indonesia. 

Furthermore, morphological isolation and 

identification of Chlorella pyrenoidosa were 

carried out in June – December 2022. Then the 

pure culture was carried out to obtain biomass 

so that protein and total lipid content could be 

analyzed properly. In addition, other 

parameters observed were the growth rate and 

parameters of the quality of the Chlorella 

pyrenoidosa culture media. The research 

material used includes research tools and 

materials.  

The equipments used included test tubes, 5 

falcons 50 ml, erlenmeyer 250 – 1000 ml, glass 

pasteur pipette, bunsen, aerator, tubular lamp, 

hemocytometer, petri dish, centrifuge, and 

autoclave. The materials include sterile 

seawater, 70% alcohol, distilled water, vitamin 

B12, and nutrients. The nutrients used were F/2 

Walne with a composition of 1 liter of distilled 

water containing 45 g of EDTA, 100 g of 

NaNO3, 0,36 g of MnCl, 33,6 g of H3BO3, 20 g 

of NaH2PO4 and 1,3 g of FeCl3.  

  

Location And Time of Research:  

The research was conducted from April to 

December 2022. The location for sampling was 

taken at Pathek Beach, Situbondo Regency, 

East Java Province, Indonesia, with coordinates 

7°38'33.89"S and 113°59'21.36"E. Sample 

isolation was carried out at the hydrobiology 

laboratory of the fish resources division of 

Brawijaya University, Scanning Electron 

Microscope (SEM) analysis was carried out at 

the Materials Laboratory, testing for protein 

content was carried out at the Chemistry 

Laboratory at Malang State University, and 

testing for total lipid content was carried out at 

Airlangga University.  
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Fig 1: Sampling site of Chlorella pyrenoidosa in Pathek Beach, Situbondo Regency, East Java, 

Indonesia 

 

Sampling and Isolation:  

Sampling was carried out in this study by 

modification according to Nasution et al. 

(2019) vertical and horizontal methods in the 

water column which can be done using a 

plankton net mesh size of 20 µm in the water 

column and 50 ml of the falcon (Rahmah et al., 

2022). Isolation was carried out in this research 

using the pipetting method. The prepared 

sample then poured ± 5 ml into the petri dish 

placed on the microscope. The equipments 

prepared include an inverted microscope 

Olympus IX 53 with a minimum magnification 

of 400x and uses a glass pipette for isolation. 

The capillary glass pasteur pipette was heated 

with bunsen and then pulled with tweezers to 

form a small diameter.  

  

Pure Cultivation:  

A pure culture was carried out after selected 

success at the isolation stage. Before the pure 

culture stage was conducted, the equipments 

must be sterilized first to avoid unwanted 

microorganisms (contaminants) used for 

microalgae cultivation. The equipment used, 

such as a test tube, erlenmeyer, and aeration 

hose, immersed in a chlorine solution at a dose 

of 1 ml for 1 liter of water. Then, the soaking 

time was waiting for 24 hours. The aeration 

hose was inserted into the carboy containing 

chlorine solution for sterilization. Then, rinsed 

with clean water and dried (Buwono & 

Nurhasanah, 2018). In addition, seawater that 

has been prepared must also be sterilized with 
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chlorine and neutralized with a solution of 

Sodium Thiosulfate. The medium used in this 

study was seawater which had been sterilized.  

  

Density Calculation, Specific Growth Rate, 

and Doubling Time:  

Microalgae growth was observed by 

calculating the number of cell densities daily 

using a hemocytometer to determine the peak 

density. Then it was rinsed with alcohol 70%, 

and the sample was dripped with a volume of 1 

ml. Then covered with a cover glass and 

observed under a microscope with a 

magnification of 40 times (Cahya et al., 2020). 

The following is the microalgae density 

formula (Erdawati et al., 2020):  

D = {𝑁 1+𝑁2 𝑥 25 𝑥 104 }  

 2 𝑛 

Descriptions:  

D = Density (cells/mL)  

N = Number of cells  

104 = Total actual cell density in 1 ml of media  

The specific growth rate was calculated from 

the growth at the start of the culture to the death 

phase. To find out the specific growth rate (K') 

can be calculated by the formula (Moheimani 

et al., 2012):  

𝑙𝑛(𝑁𝑡0 − 𝑁𝑡1) 

K’ =   

𝑡 
Descriptions:  

K' = Growth rate (/day)  

Nt0 and Nt1 = Initial density at the first time and 

density at the second time (mL) t = Time 

interval (days)  

Cell doubling time (dt) is the average cell 

generation time. The doubling time can be 

calculated using the following formula (Ak et 

al., 2008):  

dt = 𝑙𝑛 2 µ 

  

Total Protein Analysis:  

Protein was analyzed using the Lowry-Follin 

method according to Slocombe et al. (2013); 

Fakhri et al. (2020) with several reagents. 

Determination of protein in the sample 

dissolved 0,25 g of material in distilled water to 

a volume of 100 ml, then filtered. Next, put 1 

ml of the sample into a test tube, then add 1 ml 

of the reagent that has been prepared, shake it 

immediately until it is homogeneous, and 

incubate at room temperature for 15 minutes. 

Add another 3 ml of reagent to the sample tube 

and shake as soon as possible, then incubate at 

room temperature for 45 minutes and 

immediately measure the absorbance at 550 

nm. The blue color formed remained stable for 

45-80 minutes after incubation. The 

measurement results are plotted into the 

regression equation of the standard solution 

that has been made so that the protein 

concentration is known.  

  

Total Lipid Analysis:  

Pargiyanti (2019) analyzed total lipid using the 

soxhlet method with the following procedure. 2 

g sample put in filter paper covered with cotton. 

The filter paper containing the sample was 

plugged with cotton and dried in an oven at a 

temperature not exceeding 80°C for 1 hour. The 

filter paper containing the dried sample was put 

into the soxhlet apparatus. The Soxhlet 

apparatus was connected to a lipid flask 

containing boiling stones that had been dried, 

and the weight is known. The extracted sample 

was done with petroleum ether solvent for 6 

hours. Petroleum ether was distilled, and the fat 

extract was dried in an oven at 105°C, then 

cooled and measured to a constant weight. The 

results obtained were calculated using the 

following formula:  

(C − A) 

% Lipid =  x 100%  

B 

  

Scanning Electron Microscope (SEM):  

The sample to be analyzed was placed in a 

holder measuring ±10 mm. The sample used for 

testing uses Au-Pd coating to ensure that the 

sample could be more conducive. The sample 

was put into the SEM Chamber and then 

pumped, and after it was thoroughly vacuumed, 

the SEM machine was ready for use (Beam 

On).  

  

Results and Discussion  

Morphology of Chlorella pyrenoidosa:  

SEM analysis results showed that successfully 

isolated isolates could be seen morphologically 

showing Chlorella pyrenoidosa can be seen in 

Figure 2. Chlorella sp., green microalga, have 

a round body shape like an egg, ball, or oval 

forms. In Figure 2, it is explained that the 

morphology of the microalgae has a spherical 
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shape with a cell diameter ranging from 2 – 8 

µm. This microalga does not have flagella, so it 

cannot move actively (move slowly) and has a 

cell wall consisting of cellulose and pectin. 

Each Chlorella sp., have a cell nucleus and 

chloroplast. An illustration of the morphology 

of Chlorella pyrenoidosa can also be seen in 

figure 3 (Shihira & Krauss, 1963; Safi et al., 

2014). The morphology of the microalgae 

isolated from Pathek Beach was collected from 

the harvested biomass after the fourth day of 

cultivation. The harvesting phase have fourth 

day. The harvested biomass was centrifuged at 

2500 rpm for 10 minutes and then dried in an 

oven for 18 hours.

 

 
Fig 2: Morphology of Chlorella pyrenoidosa isolate with SEM isolated from Pathek Beach, 

Situbondo Regency, East Java Province 

 

 
Fig. 3: A) Ilustration of Chlorella sp. cell organelles (Safi et al., 2014) B) Light Microscope of this 

study with Olympus CX21 Microscope (magnification 400 times) 

 

Growth Rate and Doubling Time: of 1 ml/L 

resulted in a growth rate of The research 

conducted for 10 days (Table 1) Chlorella 

pyrenoidosa of 0,69027427 and a showed that 

giving Walne fertilizer at a dose doubling time 

with a value of 1,00416.  

 

Table 1: Specific growth and doubling time of this study 

Species Name Specific Growth (/days) Doubling Time 

Chlorella pyrenoidosa  0,69027427 1,00416 
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The specific growth rate is directly proportional 

to the cell density; the higher the cell density, 

the higher the growth rate (Nurhanifah et al., 

2018). The growth rate is a parameter that 

describes the rate of increase of microalgae 

isolate cells per unit of time. According to 

Sorokin & Krauss (1959), culture conditions 

can affect the growth phase of microalgae so 

that they can cause changes in the composition 

of the media. Abdurrachman et al. (2013), an 

optimal growth rate will result in optimal 

productivity. Applying environmental stress, 

such as modification of nutrients, light 

intensity, salinity, pH, and temperature, can 

affect nutrients' productivity and microalgae 

growth. Meanwhile, according to Nurhanifah et 

al. (2018), doubling time is the time when 

doubling the cell mass of microalgae isolates 

double the initial amount. The quick doubling 

time enters the exponential phase in which the 

cells divide rapidly and constantly. Each 

microalga has a different doubling time, and the 

specific growth rate is inversely proportional to 

the doubling time.  

 

Quality Parameters of Cultivation Media: 

The isolate Chlorella pyrenoidosa is 

successfully pure cultivated to determine the 

culture media’s temperature, pH, nitrate, and 

phosphate parameters.  

 

Table 1. Quality parameters of cultivation media 

Species Parameters    

Suhu (oC)   pH Nitrat (mg/L) Fosfat (mg/L) 

Chlorella pyrenoidosa 24,3 - 25,4 7,64 - 7,84 0,5387 - 1,1451 1,569 - 4,9065 

 

 

Based on the observation results, the culture 

medium temperature of Chlorella pyrenoidosa 

at the laboratory scale showed results that were 

still at the optimum for the growth of the 

isolate. The temperature of the isolated culture 

is 24.3 - 25.40C, which is still within the 

optimum limit for microalgae growth. The 

optimal temperature for the growth of some 

microalgae ranges from 20 - 300C (Khan et al., 

2018). Furthermore, the results of pH 

measurement on microalgae isolate culture 

media were obtained, which ranged from 7,64 

to 7,98. The pH is within the optimum limit for 

microalgae growth. The optimal pH for 

microalgae culture is 7 - 9 (Imelda et al., 2018). 

Based on the results of nitrate measurements, 

namely 0,5387 – 1,6724 mg/l. The optimal 

nitrate level needed to support microalgae 

growth is 0,9 – 3,5 ppm. The results of the 

phosphate measurements utilized by the two 

microalgae isolates were 1,569 – 4,9065 mg/l. 

Phosphate is one of the nutrients needed for the 

growth of microalgae reproductive activities 

(Rosyadi et al., 2022). Amini & Syamdidi 

(2016) state that optimal phosphate levels for 

microalgae growth range from 0,27 -5,51 mg/l.  

  

Total Protein of Chlorella pyrenoidosa:  

The protein content of Chlorella pyrenoidosa 

was obtained based on the research containing 

around 41,555 mg/L. The nitrogen content in 

the microalgae culture medium affects the 

protein content. Nitrogen is needed as a 

macronutrient to support the growth and 

density of microalgae. Research such as 

differences in nutrient composition can affect 

the composition of lipid, protein, and 

carbohydrates. Microalgae will form protein 

when the nutrients in the cultivation media are 

sufficient, and measurements are usually taken 

when entering the exponential phase. If there is 

a shortage of macronutrients, microalgae cells 

will experience a decrease in protein content 

followed by degradation of other cell 

components related to protein synthesis (Fery 

et al., 2020).  

Chlorella vulgaris cultured in BG11 media and 

a nitrogen source from urea contains a protein 

content of 536,3 mg/L, equivalent to 41,3%. 

Chlorella sirokiniana cultured in the same 

medium, namely BG11, had a protein content 

of 588 mg/L or equivalent to a protein content 

of 25,7% on the third day of cultivation. These 

two microalgae species were isolated from 

southern Taiwan's fresh waters (Lai et al., 

2019). In addition, Chlorella pyrenoidosa 

contains 57,3% crude protein (Angiotensin et 

al., 2021) and peptides that can be used as 

antioxidants, anticancer and anti-inflammatory. 

The protein content is in the form of dry powder 
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obtained from Qingdao, China, by spray 

drying. Both types of green microalgae have 

been confirmed to contain nutrients that can be 

used as ingredients for making supplements 

(Silva et al., 2019).  

 

Total Lipid of Chlorella pyrenoidosa:  

Chlorella pyrenoidosa isolate contained 5,05% 

total lipid on pure isolate cultures without any 

treatment. Nutrients F/2 Walne and vitamin 

B12 are given at 1 ml/L dose. The total lipid in 

microalgae was affected by culture conditions 

such as modification on the light intensity, 

carbon dioxide, temperature, pH, and nutrition 

(Zullaikah et al., 2019). Nitrogen is an essential 

macronutrient that is also needed for growth 

and lipid metabolism (Fakhry & Maghraby, 

2015). Furthermore, the total lipid content in 

Chlorella vulgaris, obtained by Jawa et al. 

(2014), was 8.4514.37% in pure isolate culture. 

In general, the lipid content in microalgae is 

usually in the form of glycerol and fatty acids 

with chain lengths C14 to C22, which can be 

found in saturated and unsaturated forms. 

Chlorella sp. lipid extraction, which was 

carried out using the soxhletation method, 

obtained 12,8818%. This value is slightly 

affected by the presence of water content in dry 

biomass, which is worth 9.4% (Kurnia et al., 

2018). The total lipid of Nannochloris atomus 

obtained from the Korea Marine Microalgae 

Culture Center reaches 30-4%. The nutrient 

given to this pure culture is F/2 Guillard. The 

method used for total lipid analysis was based 

on Bligh and Dyer (1959), using modified 

methanol and chloroform solvents (Kim et al., 

2021). Hawrot-Paw et al. (2021) also used the 

same method, and the results showed that the 

total lipid content of Chlorella vulgaris and 

Chlorella fusca was 13% and 14%, 

respectively, with a nutrient dose of 100%.  

  

Conclusions  

Morphological identification of Chlorella 

pyrenoidosa by Scanning Electron  

Microscopy and light microscope, isolated 

from Pathek Beach, Situbondo Regency, East  

Java, Indonesia, contained a protein content of 

41.555 mg/L and a total lipid content contained 

5,05%.  

 

 

Acknowledgments  

The authors would like to express their 

gratitude to Republic of Indonesia Ministry of 

Education and Culture (DIKTI) which financial 

support for the research and publication of this 

article.  

  

References  

1. Abdurrachman, O., Mutiara, M., & 

Buchori, L. (2013). Pengikatan Karbon 

Dioksida Dengan Mikroalga (Chlorella 

Vulgaris, Chlamydomonas Sp., Spirullina 

Sp.) Dalam Upaya Untuk Meningkatkan 

Kemurnian Biogas. Jurnal Teknologi 

Kimia Dan Industri, 2(4), 212–216.  

2. Amini, S., & Syamdidi. (2016). 

Konsentrasi Unsur Hara Pada Media Dan 

Pertumbuhan Chlorella Vulgaris Dengan 

Pupuk Anorganik Teknis Dan Analis. 

Jurnal Perikanan Universitas Gadjah 

Mada, 8(2), 201–206.  

3. Andréfouët, S., Paul, M., & Farhan, A. R. 

(2022). Indonesia’s 13558 Islands: A New 

Census From Space And A First Step 

Towards A One Map For Small Islands 

Policy. Marine Policy, 135, 104848. 

Https://Doi.Org/10.1016/J.Marpol.2021.1

04848  

4. Angiotensin, N., Ace, I. E., Peptides, P. D. 

I., Li, Y., Aiello, G., Mario, E., Fassi, A., 

Boschin, G., Bartolomei, M., Bollati, C., 

Roda, G., Arnoldi, A., Grazioso, G., & 

Lammi, C. (2021). Investigation Of 

Chlorella Pyrenoidosa Protein As A Source 

Of Novel Angiotensin I- Converting 

Enzyme (Ace) And Dipeptidyl Peptidase-Iv 

(Dpp-Iv) Inhibitory Peptides.  

5. Arsad, S., Mulasari, Y. W., Sari, N. Y., 

Lusiana, E. D., Risjani, Y., Musa, M., 

Mahmudi, M., Prasetiya, F. S., & Sari, L. 

A. (2022). Microalgae Diversity In Several 

Different Sub-Habitats. Global Journal Of 

Environmental Science And Management, 

8(4), 561–574.  

Https://Doi.Org/10.22034/Gjesm.2022.04.

08  

6. Baldisserotto, C., Sabia, A., Giovanardi, 

M., Ferroni, L., Maglie, M., & Pancaldi, S. 

(2022). Chlorophyta Microalgae As 

Dietary Protein Supplement: A 

Comparative Analysis Of Productivity 

Related To Photosynthesis. Journal Of 

https://doi.org/10.1016/J.Marpol.2021.104848
https://doi.org/10.1016/J.Marpol.2021.104848
https://doi.org/10.1016/J.Marpol.2021.104848
https://doi.org/10.1016/J.Marpol.2021.104848
https://doi.org/10.22034/Gjesm.2022.04.08
https://doi.org/10.22034/Gjesm.2022.04.08
https://doi.org/10.22034/Gjesm.2022.04.08
https://doi.org/10.22034/Gjesm.2022.04.08


Description Of Chlorella Pyrenoidosa Isolated From Pathek Beach, Situbondo Regency, Indonesia 

 

611 

Applied Phycology, 34(3), 1323–1340. 

Https://Doi.Org/10.1007/S10811-022-

02724-Z  

7. Cahya, N., Waspodo, S., & Setyono, B. D. 

H. (2020). Analisis Pertumbuhan Spirulina 

Sp. Dengan Kombinasi Pupuk Yang 

Berbeda. Jurnal Perikanan, 10(2), 123–

133.  

8. Daliry, S., Hallajisani, A., Mohammadi 

Roshandeh, J., Nouri, H., & Golzary, A. 

(2017). Investigation Of Optimal 

Condition For Chlorella Vulgaris 

Microalgae Growth. Global Journal Of 

Environmental Science And Management, 

3(2), 217–230.  

Https://Doi.Org/10.22034/Gjesm.2017.03.

02.010  

9. Duran, S. K., Kumar, P., & Sandhu, S. S. 

(2018). A Review On Microalgae Strains, 

Cultivation, Harvesting, Biodiesel 

Conversion And Engine Implementation. 

Biofuels, 1–12.  

Https://Doi.Org/10.1080/17597269.2018.

1457314  

10. Erdawati, Kanza, M., Saefurahman, G., 

Hidayatuloh, S., & Kawaroe, M. (2020). 

Effect Of Ph Culture And Dosage Of 

Chitosan Nanoemulsion On The 

Effectiveness Of Bioflocculation In 

Harvesting Chlorella Sp. Biomass. Iop 

Conference Series: Earth And 

Environmental Science, 460(1). 

Https://Doi.Org/10.1088/1755-

1315/460/1/012005  

11. Fakhri, M., Antika, P. W., Ekawati, A. W., 

& Arifin, N. B. (2020). Pertumbuhan, 

Kandungan Pigmen, Dan Protein Spirulina 

Platensis Yang Dikultur Pada Ca(No3)2 

Dengan Dosis Yang Berbeda. Journal Of 

Aquaculture And Fish Health, 9(1), 38–47.  

12. Fakhry, E. M., & Maghraby, D. M. El. 

(2015). Lipid Accumulation In Response 

To Nitrogen Limitation And Variation Of 

Temperature In Nannochloropsis Salina. 

Botanical Studies, 56(6), 1–8.  

Https://Doi.Org/10.1186/S40529-015-

0085-7  

13. Fery, R. A., Nasution, S., & Siregar, S. H. 

(2020). The Effect Of Ammonium 

Sulphate (Za) Fertilizer Concentration On 

The Growth Of Microalga Population 

(Nannochloropsis Oculata). Asian Journal 

Of Aquatic Sciences, 3(2), 94– 102.  

14. Garrido-Cardenas, J. A., 

ManzanoAgugliaro, F., Acien-Fernandez, 

F. G., & Molina-Grima, E. (2018). 

Microalgae Research Worldwide. Algal 

Research, 35, 50–60.  

Https://Doi.Org/10.1016/J.Algal.2018.08.

005  

15. Ghayal, M. S., & Pandya, M. T. (2013). 

Microalgae Biomass: A Renewable Source 

Of Energy. Energy Procedia, 32, 242–250. 

Https://Doi.Org/10.1016/J.Egypro.2013.0

5.031  

16. Hawrot-Paw,  M.,  Ratomski, P., 

Koniuszy, A., Golimowski, W., Teleszko, 

M., & Grygier, A. (2021). Fatty Acid 

Profile Of Microalgal Oils As A Criterion 

For Selection Of The Best Feedstock For 

Biodiesel Production. Energies, 14(21), 1–

14. Https://Doi.Org/10.3390/En14217334  

17. Imelda, S., Claudia, C., Lambui, O., & 

Suwastika, I. N. (2018). Kultivasi 

Mikroalga Isolat Lokal Pada Medium 

Ekstrak Tauge Cultivation Of Local 

Microalga Isolate On Bean Sprouts Extract 

Medium. Natural Science: Journal of 

Science And Technology, 7(2), 148–157. 

Http://Jurnal.Untad.Ac.Id/Jurnal/Index.Ph 

p/Ejurnalfmipa/Article/View/10564  

18. Jawa, I. U., Ridlo, A., & Djunaedi, A. 

(2014). Kandungan Total Lipid Chlorella 

vulgaris Yang Dikultur Dalam Media Yang 

Diinjeksi CO2. Journal Of Marine 

Research, 3(4), 578–585.  

19. Khan, M. I., Shin, J. H., & Kim, J. D. 

(2018). The Promising Future Of 

Microalgae: Current Status, Challenges, 

And Optimization Of A Sustainable And 

Renewable Industry For Biofuels, Feed, 

And Other Products. Microbial Cell 

Factories, 17(1), 1–21.  

Https://Doi.Org/10.1186/S12934-018-

0879-X  

20. Kim, S. H., Che, C. A., Jeong, G. T., & 

Kim, S. K. (2021). The Effect On Single 

And Combined Stresses For Biomass And 

Lipid Production From Nannochloris 

Atomus Using Two Phase Culture System. 

Journal Of Biotechnology, 326, 40–47. 

Https://Doi.Org/10.1016/J.Jbiotec.2020.1

2.009  

https://doi.org/10.1007/S10811-022-02724-Z
https://doi.org/10.1007/S10811-022-02724-Z
https://doi.org/10.1007/S10811-022-02724-Z
https://doi.org/10.1007/S10811-022-02724-Z
https://doi.org/10.1007/S10811-022-02724-Z
https://doi.org/10.1007/S10811-022-02724-Z
https://doi.org/10.1007/S10811-022-02724-Z
https://doi.org/10.1007/S10811-022-02724-Z
https://doi.org/10.1007/S10811-022-02724-Z
https://doi.org/10.22034/Gjesm.2017.03.02.010
https://doi.org/10.22034/Gjesm.2017.03.02.010
https://doi.org/10.22034/Gjesm.2017.03.02.010
https://doi.org/10.22034/Gjesm.2017.03.02.010
https://doi.org/10.1080/17597269.2018.1457314
https://doi.org/10.1080/17597269.2018.1457314
https://doi.org/10.1080/17597269.2018.1457314
https://doi.org/10.1080/17597269.2018.1457314
https://doi.org/10.1088/1755-1315/460/1/012005
https://doi.org/10.1088/1755-1315/460/1/012005
https://doi.org/10.1088/1755-1315/460/1/012005
https://doi.org/10.1088/1755-1315/460/1/012005
https://doi.org/10.1088/1755-1315/460/1/012005
https://doi.org/10.1186/S40529-015-0085-7
https://doi.org/10.1186/S40529-015-0085-7
https://doi.org/10.1186/S40529-015-0085-7
https://doi.org/10.1186/S40529-015-0085-7
https://doi.org/10.1186/S40529-015-0085-7
https://doi.org/10.1186/S40529-015-0085-7
https://doi.org/10.1186/S40529-015-0085-7
https://doi.org/10.1186/S40529-015-0085-7
https://doi.org/10.1186/S40529-015-0085-7
https://doi.org/10.1016/J.Algal.2018.08.005
https://doi.org/10.1016/J.Algal.2018.08.005
https://doi.org/10.1016/J.Algal.2018.08.005
https://doi.org/10.1016/J.Algal.2018.08.005
https://doi.org/10.1016/J.Egypro.2013.05.031
https://doi.org/10.1016/J.Egypro.2013.05.031
https://doi.org/10.1016/J.Egypro.2013.05.031
https://doi.org/10.1016/J.Egypro.2013.05.031
https://doi.org/10.3390/En14217334
https://doi.org/10.3390/En14217334
http://jurnal.untad.ac.id/Jurnal/Index.Php/Ejurnalfmipa/Article/View/10564
http://jurnal.untad.ac.id/Jurnal/Index.Php/Ejurnalfmipa/Article/View/10564
http://jurnal.untad.ac.id/Jurnal/Index.Php/Ejurnalfmipa/Article/View/10564
http://jurnal.untad.ac.id/Jurnal/Index.Php/Ejurnalfmipa/Article/View/10564
https://doi.org/10.1186/S12934-018-0879-X
https://doi.org/10.1186/S12934-018-0879-X
https://doi.org/10.1186/S12934-018-0879-X
https://doi.org/10.1186/S12934-018-0879-X
https://doi.org/10.1186/S12934-018-0879-X
https://doi.org/10.1186/S12934-018-0879-X
https://doi.org/10.1186/S12934-018-0879-X
https://doi.org/10.1186/S12934-018-0879-X
https://doi.org/10.1186/S12934-018-0879-X
https://doi.org/10.1016/J.Jbiotec.2020.12.009
https://doi.org/10.1016/J.Jbiotec.2020.12.009
https://doi.org/10.1016/J.Jbiotec.2020.12.009
https://doi.org/10.1016/J.Jbiotec.2020.12.009


Journal of Survey in Fisheries Sciences  10(2) 604-613  2023 

 

612 

21. Kurnia, D., Asri, R., Dinata, D. I., & 

Nurachman, Z. (2018). Analisis Asam 

Lemak Mikroalga Laut Chlorella Sp . Pada 

Medium Fatty Acid Analysis Of Marine 

Microalgae Chlorella Sp. In Modified 

Medium Used Gas Crhomatography-Mass 

Spectrometry (Gc-Ms). Journal Of 

Pharmacopolium, 1(1), 1–8.  

22. Lafarga, T. (2020). Cultured Microalgae 

And Compounds Derived Thereof For 

Food Applications: Strain Selection And 

Cultivation, Drying, And Processing 

Strategies. Food Reviews International, 

36(6), 559–583.  

Https://Doi.Org/10.1080/87559129.2019.

1655572  

23. Lai, Y., Chang, C., Chen, C., Chang, J., & 

Ng, I. (2019). Bioresource Technology 

Towards Protein Production And 

Application By Using Chlorella species As 

Circular Economy. Bioresource 

Technology, 289(May), 121625.  

Https://Doi.Org/10.1016/J.Biortech.2019.

121625  

24. Lasabuda, R. (2013). Pembangunan 

Wilayah Pesisir Dan Lautan Dalam 

Perspektif Negara Kepulauan Republik 

Indonesia. Jurnal Ilmiah Platax, 1(2), 92– 

101. 

Https://Doi.Org/10.35800/Jip.1.2.2013.12

51  

25. Lu, H., Yu, X., Li, H., Tu, S. T., & 

Sebastian, S. (2019). Lipids Extraction 

From Wet Chlorella Pyrenoidosa Sludge 

Using Recycled [Bmim]Cl. Bioresource 

Technology, 291.  

Https://Doi.Org/10.1016/J.Biortech.2019.

121819  

26. Mathur, M., Kumar, A., Ariyadasa, T. U., 

& Malik, A. (2021). Yeast Assisted Algal 

Flocculation For Enhancing Nutraceutical 

Potential Of Chlorella Pyrenoidosa. 

Bioresource Technology, 340.  

Https://Doi.Org/10.1016/J.Biortech.2021.

125670  

27. Moheimani, N. R., Browitzka, M. A., 

Isdepsky, A., & Sing, S. F. (2012). 

Standard Methods For Measuring Growth 

Of Algae And Their Composition. Algae 

For Biofuels And Energy, 265–284. 

Https://Doi.Org/10.1007/978-94-007-

5479-9  

28. Nurhanifah, N. D., Padil, & Muria, S. R. 

(2018). Kultivasi Mikroalga Menggunakan 

Media Af6 Berdasarkan Perbedaan 

Intensitas Cahaya. Jom Fteknik, 6(1), 1–5.  

29. Risjani, Y., & Abidin, G. (2020). Genetic 

Diversity And Similarity Between Green 

And Brown Morphotypes Of Kappaphycus 

Alvarezii Using Rapd. Journal Of Applied 

Phycology, 32(4), 2253–2260. 

Https://Doi.Org/10.1007/S10811-020-

02223-Z  

30. Risjani, Y., Witkowski, A., Kryk, A., 

Yunianta, Górecka, E., Krzywda, M., 

Safitri, I., Sapar, A., Dąbek, P., Arsad, S., 

Gusev, E., Rudiyansyah, Peszek, Ł., & 

Wróbel, R. J. (2021). Indonesian Coral 

Reef Habitats Reveal Exceptionally High 

Species Richness And Biodiversity Of 

Diatom Assemblages. Estuarine, Coastal 

And Shelf Science, 261(August). 

Https://Doi.Org/10.1016/J.Ecss.2021.107

551  

31. Rosyadi, R., Agusnimar, A., & Melati, H. 

(2022). Pengaruh Perbedaan Konsentrasi 

Olahan Air Lindi Terhadap Kelimpahan 

Chlorella Sp. Dinamika Lingkungan 

Indonesia, 9(1), 32–38.  

Https://Doi.Org/10.31258/Dli.9.1.P.32-38  

32. Safi, C., Zebib, B., Merah, O., Pontalier, P. 

Y., & Vaca-Garcia, C. (2014). Morphology, 

Composition, Production, Processing And 

Applications Of Chlorella vulgaris: A 

Review. Renewable And Sustainable 

Energy Reviews, 35, 265–278.  

Https://Doi.Org/10.1016/J.Rser.2014.04.0

07  

33. Shihira, I., & Krauss, R. W. (1963). 

Chlorella Physiology And Taxonomy Of 

Forty-One Isolates.  

34. Silva, J., Alves, C., Pinteus, S., Reboleira, 

J., Pedrosa, R., & Bernardino, S. (2019). 

Chlorella. In Nonvitamin And Nonmineral 

Nutritional Supplements. Elsevier Inc. 

Https://Doi.Org/10.1016/B978-0-12-

812491-8.00026-6  

35. Sorokin, C., & Krauss, R. W. (1959). 

Maximum Growth Rates Of Chlorella In 

Steady-State And In Synchronized 

Cultures. Proceedings Of The National 

Academy Of Sciences, 45(12), 1740– 1744. 

Https://Doi.Org/10.1073/Pnas.45.12.1740 

36.  

https://doi.org/10.1080/87559129.2019.1655572
https://doi.org/10.1080/87559129.2019.1655572
https://doi.org/10.1080/87559129.2019.1655572
https://doi.org/10.1080/87559129.2019.1655572
https://doi.org/10.1016/J.Biortech.2019.121625
https://doi.org/10.1016/J.Biortech.2019.121625
https://doi.org/10.1016/J.Biortech.2019.121625
https://doi.org/10.1016/J.Biortech.2019.121625
https://doi.org/10.35800/Jip.1.2.2013.1251
https://doi.org/10.35800/Jip.1.2.2013.1251
https://doi.org/10.35800/Jip.1.2.2013.1251
https://doi.org/10.35800/Jip.1.2.2013.1251
https://doi.org/10.1016/J.Biortech.2019.121819
https://doi.org/10.1016/J.Biortech.2019.121819
https://doi.org/10.1016/J.Biortech.2019.121819
https://doi.org/10.1016/J.Biortech.2019.121819
https://doi.org/10.1016/J.Biortech.2021.125670
https://doi.org/10.1016/J.Biortech.2021.125670
https://doi.org/10.1016/J.Biortech.2021.125670
https://doi.org/10.1016/J.Biortech.2021.125670
https://doi.org/10.1007/978-94-007-5479-9
https://doi.org/10.1007/978-94-007-5479-9
https://doi.org/10.1007/978-94-007-5479-9
https://doi.org/10.1007/978-94-007-5479-9
https://doi.org/10.1007/978-94-007-5479-9
https://doi.org/10.1007/978-94-007-5479-9
https://doi.org/10.1007/978-94-007-5479-9
https://doi.org/10.1007/978-94-007-5479-9
https://doi.org/10.1007/978-94-007-5479-9
https://doi.org/10.1007/978-94-007-5479-9
https://doi.org/10.1007/978-94-007-5479-9
https://doi.org/10.1007/S10811-020-02223-Z
https://doi.org/10.1007/S10811-020-02223-Z
https://doi.org/10.1007/S10811-020-02223-Z
https://doi.org/10.1007/S10811-020-02223-Z
https://doi.org/10.1007/S10811-020-02223-Z
https://doi.org/10.1007/S10811-020-02223-Z
https://doi.org/10.1007/S10811-020-02223-Z
https://doi.org/10.1007/S10811-020-02223-Z
https://doi.org/10.1007/S10811-020-02223-Z
https://doi.org/10.1016/J.Ecss.2021.107551
https://doi.org/10.1016/J.Ecss.2021.107551
https://doi.org/10.1016/J.Ecss.2021.107551
https://doi.org/10.1016/J.Ecss.2021.107551
https://doi.org/10.31258/Dli.9.1.P.32-38
https://doi.org/10.31258/Dli.9.1.P.32-38
https://doi.org/10.31258/Dli.9.1.P.32-38
https://doi.org/10.31258/Dli.9.1.P.32-38
https://doi.org/10.1016/J.Rser.2014.04.007
https://doi.org/10.1016/J.Rser.2014.04.007
https://doi.org/10.1016/J.Rser.2014.04.007
https://doi.org/10.1016/J.Rser.2014.04.007
https://doi.org/10.1016/B978-0-12-812491-8.00026-6
https://doi.org/10.1016/B978-0-12-812491-8.00026-6
https://doi.org/10.1016/B978-0-12-812491-8.00026-6
https://doi.org/10.1016/B978-0-12-812491-8.00026-6
https://doi.org/10.1016/B978-0-12-812491-8.00026-6
https://doi.org/10.1016/B978-0-12-812491-8.00026-6
https://doi.org/10.1016/B978-0-12-812491-8.00026-6
https://doi.org/10.1016/B978-0-12-812491-8.00026-6
https://doi.org/10.1016/B978-0-12-812491-8.00026-6
https://doi.org/10.1016/B978-0-12-812491-8.00026-6
https://doi.org/10.1016/B978-0-12-812491-8.00026-6
https://doi.org/10.1016/B978-0-12-812491-8.00026-6
https://doi.org/10.1016/B978-0-12-812491-8.00026-6
https://doi.org/10.1073/Pnas.45.12.1740
https://doi.org/10.1073/Pnas.45.12.1740
https://doi.org/10.1073/Pnas.45.12.1740


Description Of Chlorella Pyrenoidosa Isolated From Pathek Beach, Situbondo Regency, Indonesia 

 

613 

36. Zeng, J., Wang, Z., & Chen, G. (2021). 

Biological Characteristics Of Energy 

Conversion In Carbon Fixation By 

Microalgae. Renewable And Sustainable 

Energy Reviews,  152, 111661. 

Https://Doi.Org/10.1016/J.Rser.2021.1116

61 

37. Zullaikah, S., Utomo, A. T., Yasmin, M., 

Ong, L. K., & Ju, Y. H. (2019). Ecofuel 

Conversion Technology Of Inedible Lipid 

Feedstocks To Renewable Fuel. In 

Advances In Eco-Fuels For A Sustainable 

Environment (Pp. 237–276). Elsevier Ltd. 

Https://Doi.Org/10.1016/B978-0-

08102728-8.00009-7 

https://doi.org/10.1016/J.Rser.2021.111661
https://doi.org/10.1016/J.Rser.2021.111661
https://doi.org/10.1016/J.Rser.2021.111661
https://doi.org/10.1016/B978-0-08-102728-8.00009-7
https://doi.org/10.1016/B978-0-08-102728-8.00009-7
https://doi.org/10.1016/B978-0-08-102728-8.00009-7
https://doi.org/10.1016/B978-0-08-102728-8.00009-7
https://doi.org/10.1016/B978-0-08-102728-8.00009-7
https://doi.org/10.1016/B978-0-08-102728-8.00009-7
https://doi.org/10.1016/B978-0-08-102728-8.00009-7
https://doi.org/10.1016/B978-0-08-102728-8.00009-7
https://doi.org/10.1016/B978-0-08-102728-8.00009-7
https://doi.org/10.1016/B978-0-08-102728-8.00009-7
https://doi.org/10.1016/B978-0-08-102728-8.00009-7

