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INTRODUCTION 

 

One of the highly important aspects in marine fish hatchery is the availability of 

natural feed. It is one of the limiting factors for fish and shrimp larvae (Soto-Sanchez et al., 

2023; Zahranet al., 2023). Fish oil has been substituted with Nannochloropsis sp. meal as 

feed for shrimps (Adissinet al., 2010). Feed availability is highly dependent upon the 

amount, type, and feeding time. Nannochloropsis sp. is one of phytoplankton, but its massive 

and continuous production is inhibited by uncontrollable factors, such as high rainfalls that 

cause water quality changes in culture media, the mortality of Nannochloropsis sp., and 

eventually failures in seed production. The production of Nannochloropsis sp. pasta is 

expected to be a solution to the continuity of seed production.  

Nannochloropsis sp. belongs to a unicellular and non-motile marine microalga of 

phylum Heterokontophyta, class Eustigmatophyceae, and family Eustigmataceae (Vieler, 

2012; Max et al., 2016). Nannochloropsis sp. has cells coated in a unique cell membrane 

structure containing complex polysaccharides to keep the cells in stable conditions. The 
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Nannochloropsissp is used as natural feed since it contains high good nutrition 

for the growth of fish larvae. However, the availability of Nannochloropsis sp. 

is still limited and has become a constraint in aquaculture. This study aimed to 

address the effect of pasta on the density of Nannochloropsis sp. cultured on the 

laboratory scale from pasta product of massive culture using the combination of 

agricultural fertilizer and water extract of Moringaoleifera leaf. 

Nannochloropsis sp. culture of the laboratory scale used the kw21 fertilizer. The 

Nannochloropsis sp. seeds were taken from Nannocloropsis sp. pasta with 

different concentrations, while the control Nannocloropsissp seeds used the 

laboratory scale without pasta. The study applied a complete randomized design 

with 4 treatments (NaOH pasta of 75 ppm, 100 ppm, 125 ppm, and control) and 

3 replications. The control treatment (D) used the Nannochloropsis sp. of the 

laboratory scale without pasta. Data analysis utilized the one way-ANOVA, 

followed by the least significant difference test upon detecting a significant 

difference. Results indicated the significant effect of the NaOH pasta on 

Nannochloropsis sp. density. 
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internal cell membrane of Nannochloropsis has porous structures with fine-fibered sub-

structures and supporting structures connecting this layer to the plasmic membrane (Scholz, 

2014). 

Nannochloropsis sp. is known to contain eicosapentaenoic acid (EPA) and valuable 

carotenoid (Ye et al., 2024), high lipid, and ability to grow in diverse environmental 

conditions. These characteristics make Nannochloropsis sp. one of the microalgae producing 

oil, fatty acid of omega-3, and many high valuable compounds (Ma et al., 2016). Besides, it 

contains violaxanthin (32% of total carotenoid) and naturally produces vitamin D3, generally 

found in other microalgae potential as cosmetic material (Ljubic et al., 2020). Similar results 

were also reported in previous studies (Khattib et al., 2012; Kim et al., 2019; Ljubic et al., 

2020). 

 Nannochloropsis  sp. was determined as feed for the Pacific white shrimps, Atlantic salmon, 

kuruma shrimps, and the European marine bass (Soto-Sanchez, 2023; Zahran, 2023). 

Nannochloropsis sp. meal was used as a meal replacing the fish oil to increase the growth of 

the aforementioned species (Lafarga, 2019).Through various forms of natural food 

engineering, either diversification, or natural feed quantity and quality, the massive 

production of phytoplankton or zooplankton is expected to be able to sustainably meet the 

food need of the larvae. The phytoplankton culture, especially Nannochloropsis sp. has well 

developed in seeding activities at laboratory, semi-massive, and massive scales. 

Kokarkin and Kusnendar (2000) found a practical way to precipitate the microalgal 

biomass into a solid form as rotifer’s natural feed. This is performed through adding NaOH to 

the culture media to increase the water pH (Kokarkin & Kusnendar, 1999). In high pH 

conditions, the Nannochloropsis sp. cells can adhere and settle. Nannochloropsis sp. 

production in a solid form was carried out by Muliono (2004) using 105ppm of NaOHand, 

yielding a density of 10,000,000 Nannochloropis sp. cells, which is a sufficiently good result 

for Nannochloropsis sp. pasta. Setiawan et al. (2019) who used 100 ppm of NaOH yielded a 

density of 18,066,666.67 x 104cells mL-1. This study aimed to detect the effect of pasta at 

different NaOHdose applications in the mass culture to be used on the laboratory scale 

culture. Nannochloropsis sp. culture on the laboratory scale was done by adding kw21 

fertilizer. The application of 75ppm, 100ppm, and 125ppm pasta is expected to be able to 

obtain the best dose for durable initial seeds on the laboratory scale culture. 

 

MATERIALS AND METHODS 

 

This study extended from March to July 2024 in Natural Feed Laboratory, State 

Fisheries Polytechnique, Tual, Southeast Molucca. 

1. Equipment and materials 

 The equipment used in the study were one-litre glass container, 2cm and 0.5cm-

diameter plastic tubes, microscope, pipette, flask, digital balance, cover glass, 

haemocytometer, plastic spoon, satin cloth, digital camera, among others. The study utilized 

Nannochloropsis sp., KW21 fertilizer, moringa leaf, NaOH, distilled water, sterile seawater, 

alkcohol 70%, freshwater, and chlorine. 

2. Pasta production 
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NaOH dose was dissolved in freshwater, then evenly dropped into a gallon containing 

15 liters of Nannochloropsis sp., stirred for approximately half an hour, and strongly aerated 

for 2 hours. The aeration was then terminated for 24h to gradually separate water and 

Nannochloropsis sp. The sediment of Nannochloropsis sp. was extracted in water step by 

step, rinsed three times with clean water, and filtered through cloth, then rinsed again 3 times 

with clean water before being re-precipitated to extract the final NaOH and obtain the pasta, 

with pH and salinity being measured. The precipitation of the microalgae was done by adding 

NaOH into the culture media to increase the water pH (Kokarkin & Kusnendar, 1999). In 

high pH condition, Nannochloropsis sp. cells can adhere and settle. 

3. Research design 

 This study used a complete randomized design. Nannochloropsis sp. seeds were taken 

from mass culture, and then cultured on laboratory scale. The experiment used 4 treatments 

and 3 replications, as follows: A= 75ppmNaOH; B= 100ppmNaOH; C= 125ppmNaOH, and 

D= control (Nannochloropsis sp. without pasta). Each glass container was filled with 

seawater with a salinity value of 25ppm. 0.5g of Nannochloropsis sp. pasta was taken from 

each treatment (75, 100, and 175ppm), dissolved in 1mL pure seawater, put into a glass 

container filled with 1000ml sterile seawater, and adding 1ml of kw21 fertilizer. For control 

treatment, 300ml of Nannochloropsis sp. seeds were added with 700ml sterile seawater. The 

initial density of each treatment and the cell growth were daily determined under a 

microscope facilitated with a haemocytometer. Nannochloropsis sp. culture in the control 

media used 100% Kw21 fertilizer as positive control. The 1000ml glass container filled with 

initial Nannochloropsis sp. seeds was placed in the culture cupboard facilitated with 2 units 

of Philip TL 40 watt as a light source and aerated for oxygen supply. Nannochloropsis sp. 

needs a light intensity of  2500 –5000 lux. The culture media was then covered to prevent 

contamination. The culture was done for 20 days to attain Nannochloropsis sp. able to adapt 

to the new environment. Water quality measurements focused on temperature, salinity and 

pH in each observation. Nannochloropsis sp. growth estimation followed the details reported 

in the study of Isnantsetyo and Kurniastuty (1995): 

Cell density (cells mL-1) =  n x 4 x 106 

Where, n = number of conuted cells and 4 x 106 = heamocytometer constant 

4. Data analysis 

One-way ANOVA was used to know the effect of Nannochloropsis sp. pasta 

application on the density of Nannochloropsis sp. cells, and the least significant difference 

test was applied if a significant effect was detected. 

 

RESULTS AND DISCUSSION  

 

ANOVA indicated that there is no significantly different effect of NaOH application on 

the cell density of Nannochloropsis sp. cultured on the laboratory scale. Nevertheless, an 

increased abundance of Nannochloropsis sp. cell density was observed in each treatment. The 

highest growth in the exponential phase occurred in treatment B with a density of 61.97 x 

106±2561,17cellsmL-1. This high growth could result from the appropriate NaOH dose 

application and Nannochlorpsis sp. tolerance so that the nutrient could be well absorbed to 

push the increased density of Nannochloropsis sp., even though the cell density development 
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ran slowly in this phase since Nannochloropsis sp. tends to adapt at the initial phase 

compared with treatments A and C. The control treatment (D) showed a clear color since 

Nannochloropsis sp. starts adapting to the phase slowliness and grew slowly due to the 

environmental adaptation(Isnansetyo & Kurniastuty, 1995) (Table 1).  This finding 

coincides  with that of Ma (2016), who elucidated that the growth of Nannochloropsis sp. is 

highly dependent on the culture media conditions, nutrient absorption, photosynthesis, and 

the quality of light intensity. 

The application of NaOH in each treatment showed that in day-1 till day-10, treatment 

A yielded a significantly different cell density from treatments B, C, and D, but in day-13 till 

day-18, treatment D had higher effect than that of treatments A, C, and D (Fig. 1.) 

 
Fig. 1. Nannochloropsis sp. culture at laboratory scale. 

 

The harvest of the microalga culture obtained the fresh microalga biomass in the form 

of Nannochloropsis sp. pasta as the following characteristics: green color, no odor, and solid. 

The pasta was then dried, ground, and collected as Nannochloropsis sp. The microalgae 

grown in KW21 medium had good nutrient for growth. KW21 is a culture medium enriched 

with nutrients needed by the microalga, such as micronutrients, macronutrients, and vitamins. 

The microalgae growth is indicated with color change of the culture media to be strongly 

green up to day-10. It reflects the increased number of the macroalgal cells from 106cells mL-

1to 39.13x106 cells mL-1in day-10. 

Nannochloropsis sp. is round-shaped, green-colored, not flagellated, and 4– 6μm sized. 

Fig. (1) demonstrates that there are 4 phases in the culture of Nannochloropsis oculata, 

adaptation, growth, stationary & mortality. Natural feed has become a major factor 

determining the success of the rotifer seeding activities due to its higher nutrient content 

compared to those of the artificial feed (Astuti et al., 2012). 

The availability of natural feed in a sufficient amount, sustainable, and the right time 

should be considered. To be able to meet the production target, the phytoplankton culture 

needs to be done. One of these is Nannochloropsis oculata applied for marine fish seeding. 

Nannochloropsis sp. is cultured for Brachionus plicatilis feed. Nannochloropsis sp. has good 

vitamin B12 content for the growth of B. plicalitis, eicosapentaenoic acid (EPA) of 30.5%, 

which plays a crucial role as feed for the fish larvae in addition to 42.7% of omega3 HUFAs, 

0.89%chlorophyl A, 16% carbohydrate, 0.85% vitamin C and 52.11% protein (Sen et al., 

2005). Nannochloropsis sp. growth in the culture media can be evidenced through the 

increased cell size or the increased number of cells. The cell density in Nannochloropsis sp. 
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culture is used to assess the growth patterns of the phytoplankton. Based on the growth 

pattern, the harvest is done at the time the phytoplankton reaches the population peak. 

 

 

Table 1. Nannochloropsis sp. cell density condition during the study 

Day 
Nannocloropsis sp.density (cells mL-1) 

TreatmentA TreatmentB TreatmentC TreatmentD 

0 5.48 x 106±24,30 5,48 x 106±46,22 5,48 x 106±15,28 5,48 x 106±109,73 

1 9.37 x106±137,62 7,30 x 106±176,38 7,07 x 106±92,07 8,55 x 106±154,32 

2 5.22 x106±80,90 6,69 x 106±144,01 6,96 x 106±105,86 6,53 x 106±82,98 

3 6,57 x106±161,66 5,74 x 106±64,55 5,85 x 106±120,46 6,53 x 106±82,98 

4 4,54 x106±46,32 5,07 x 106±11,54 5,95 x 106±80,01 1,19 x 106±379,34 

5 6,74 x106±33,51 6,10 x 106±36,56 5,88 x 106±71,12 4,89 x 106±28,74 

6 5,54 x106±41,31 4,97 x 106±20,28 8,84 x 106±84,74 7,21 x 106±97,15 

7 5,25 x106±492,45 7,41 x 106±127,72 7,33 x 106±140,55 7,67 x 106±110,20 

8 6,43 x106±119,80 6,65 x 106±60,02 9,05 x 106±214,91 8,28 x 106±40,02 

9 7,23 x106±61,79 6,69 x 106±24,29 9,13 x 106±156,21 8,42 x 106±144,05 

10 9,46 x106±39,49 7,92 x 106±39,20 8,59 x 106±32,76 7,19 x 106±13,97 

11 8,07 x106±59,54 8,12 x 106±55,00 8,17 x 106±31,80 0 

12 9,27 x106±17,97 9,78 x 106±62,20 9,00 x 106±62,20 0 

13 33,91 x106±1785,44 42,24 x 106±2373,05 17,50 x 106 x 106±419,13 0 

14 33,99 x106±1862,32 43,40 x 106±2370,91 18,57 x 106±328,30 0 

15 42,69 x106±2397,58 56,25 x 106±2954,62 39,00±253,92 0 

16 42,81 x106±2328,72 33,78 x 106±784,86 33,78 x 106±784,86 0 

17 45,44 x106±2965,88 61,97 x 106±2561,17 30,51 x 106±467,59 0 

18 51,02 x106±2566,79 61,49 x 106±2474,91 31,52 x 106±189,17 0 

19 42,82 x106±4674,17 52,98 x 106 ±248 x 1068,95 30,51 x 106±1543,88 0 

20 22,82 x106±4674,17 24,98±2488,95 18,51 x 106±1543,88 0 

 

 

Table (1) shows that the mean cell density of Naanochloropsis sp. in day 0 is 5.48 x 

106±24.30 in all treatments. The growth of Nannochloropsis sp. fluctuates in each treatment. 

The cell density is associated with the growth phase, namely lag phase (adaptationor 

dormant), exponential phase, declination phase, stationary phase, and mortality phase 

(Becker, 1994). 

Based on Table (1), treatment A (75ppm NaOH) yields a cell density fluctuation on day 1 to 

day 8, and the cells tend to be in an adaptation phase, but the cell density starts increasing on 

day 9 from 7.23 x106±61.79b  to 9.46 x106±39.49a on day 10, and the cell division rises but not 

so significant then falls down on days 11 & 12. While, on day 13 till day18, the cell density 

of Nannochlorpsis sp. increases significantly from 33.91 x106±1785.44a to 51,02 

x106±2566,79a, then starts falling down on day 19 and then dies on day 20.  

Treatment B (100 ppm NaOH) showed no signs of growth yet on day 1 till day 9, 

because the cell is still in the adaptation process. The cell density of Nannochlorpsis sp. 

begins to rise slowly on day 10 from7.92 x 106±39.20 to 42.24 x 106±2373.05 on day 13 and 

reaches the peak on day 17, 61.97 x 106±2561.17. A slow decrease was noted in the cell 

density on day18,61.49 x 106±2474.91 to 24.98±2488.95 on day 20,  and then the cells die. In 

treatment C (125ppm NaOH), the adaptation phase occurs on day 1. The cell density 

development fluctuates up to day 7. On the other hand, the cell density grows on day 8 till 
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day 9  reaching 9.13 x 106±156.21, while decreasing again on day 10. In this phase, the cells 

are still in the adaptation phase to the new environment. On day 13, the cell density of 

Nannochlorpsis sp. starts rising to 17.50 x 106 x 106±419.13 and reaches the peak ON day 16 

as many as 33.78 x 106±784.86, then starts decreasing ON day 17 till day 20, leading to the 

mortality phase. In treatment D, the cell density slightly rises, the growth fluctuates, recording 

no stability. It can be deduced that the high NaOH application can damage Nannohloropsis 

sp. cells so that they cannot grow well compared with other treatments of A and B using low 

NaOH dose, which facilitated the way for Nannochloropsis sp. to grow and to have cell 

division. 

 Treatment D didn't recieved NaOH, and Nannochloropsis sp. was cultured on the 

laboratory scale using KW21 fertilizer. The cell density rises on day 2 till day 5, then 

decreases in day 6 and leads to gradual mortality up to day 11. Based on these treatments, the 

highest growth occurs in treatment B, which could result from the nutrient and water quality 

of the culture media supporting the growth and cell division of Nannochloropsis sp. Garno 

(1995) stated that the dissolved nutrients in the water is directly used by Nannochloropsis sp., 

and subsequently increasing the population abundance. According to Yani et al. (2015), the 

use of different NaOH concentrations can influence the growth of Nannochloropsis sp. cells. 

 

Water quality 

Measurements of water quality parameters are presented in Table (2). Temperature is one of 

the important parameters influencing the phytoplankton growth. In the present study, the 

temperature change of the culture media is affected by the light intensity. The optimum 

temperature for Nannochloropsis sp. ranges from 25 to 30°C (Rustam & Amini, 2015). The 

present study indicated that all water quality parameters measured were in the good range for 

Nannochloropsis sp. This finding has been supported by Marthia (2020) and Isnansetyo 

and Kurniastuty (1995). 

 

Table 2. Mean water quality measurements during the study 

Treatment Parameter 

 Salinity (‰) Temperature (°C) pH 

A 

 

B 

 

C 

 

D (Kontrol) 

25-29 

 

28-30 

 

28-31 

 

29-31 

27-32 

 

27-32 

 

27-32 

 

27-32 

7.5 – 8.3 

 

7.5 – 8.. 

 

7.5  - 8.4 

 

7.5 – 8.5 

 

 

CONCLUSION 

 

 The effective dose of Nannochloropsis sp. pasta production was 100ppm, with the 

highest growth in treatment B, yielding the cell density of 61.97 x 106±2561.17acells mL-1.  
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