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The primary aim of the present study was to isolate and identify a number of sea phytoplanktons for biomass production and determination
of carbohydrate content. Sea phytoplankton was cultivated in cultured media “Ares-chat” to multiply seeds and cultivated stocks. In the
mass media cultivation, isolation and identification of sea plankton was done based on size and some specific characteristics. The
measurement of temperature, salinity and pH was also done in the media. The biomass weight of the density of selected phytoplankton was
done by gravimetric method and the carbohydrate content was determined by glucose with Luff School method. The isolation results
indicate six different types of sea phytoplanktons: Chlorella sp., Dunaliella sp., Tetraselmis chuii, Chaetoceros calcitrans, Chaetoceros
gracilis, and Chaetoceros Isocrysis galbana. The highest biomass content 0.34 gL-1 was on Chlorella sp. and the lowest 0.14 gL-1 was on
Isocrysis galbana. The carbohydrate content was also varied, the highest 31.99% on Dunaliella sp. and the lowest 4.70% on Chaetoceros
gracilis. 
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Introduction 

Microsize water organisms floating with the water 
movement are known as plankton.1 Plankton concentration 
at the surface of sea water varies from 500 cells/mL to 10 
cells m/L.2 Plankton plays an important role and sometimes 
dominates material cycle in sea.3 Planktons are divided into 
two groups: phytoplankton and zooplankton.4,5 

Most phytoplankton are very small to see by the naked 
eye, but large in number. They appear as green in color in 
water due to chlorophyl in their cells, although the real color 
is varied for each species due to the presence of an extra 
pigment such as phycobiliprotein.6,7 Phythoplankton usually 
gathers at the euphotic zone where light intensity that makes 
photosynthesis possible (Arinardi et al., 1997 and Richtel, 
M., 2007). Phytoplankton gets energy by photosynthesis,8,9 
for which they must be on the sea surface (called as euphotic 
zone), lake or other source of water. Through photosynthesis, 
phytoplankton produces a lot of oxygen into the earth’s 
atmosphere.10 Because of the photosynthesis, the organism 
lives on the surface of water, and are also able to produce 
carbohydrate (glucose).11,12 The ability of phytoplankton to 
synthesise its organic material, make them to be the main 
source of food chain in the sea ecosystem and fresh water 
(Fig.1)12 

This planktonic organism is usually colleted by using a net. 
Based on the size of mesh of the net, phytoplankton is 
classified as megaplankton (bigger than 0.2 mm;) and macro 
lankton (0.2-2.0 mm).  

Microplankton is sizes 20-0.2 mm.13 A plankton which is 
captured by filter milipore is  known nanoplankton, whereas  

 

a very small plankton sizes 2-20 µm,  ultraplankton, a 
smaller plankton less than 2 µm.14 

Indonesia has the longest coastal line in the world which 
is about ± 80.791.42 km. Phytoplankton  consists of 30.000 
species.15 Its habitat is on the surface of different types of 
water bodies. It is a large perspectives of phytoplankton 
utilization for production of carbohydrate as biofuel 
(bioethanol and biobutanol) and raw material to substitute 
the food grade corn or cereal raw materials.16 The other 
benefit of phytoplankton is that they are able to absorb 
carbon dioxyde and converse it to oxygen. As much as 90% 
of dry weight of phytoplankton adsorbe carbon dioxyde so 
that it is able to reduce gas up to 1.000 tons/ha/year.17 
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Table 1. Macronutrients (A) and micronutrients (B) for marine alga production   

Macro Nutrients 

Added 
No. Mineral Salt c, 10-3 mol L-1 g L-1 Note 

g mL L-1 ) 

1.  NaCl 300 25.38 direct addition   
2. MgSO4.7H2O 10 4.730 direct addition   
3. KNO3 4 0.503 stock 1 M/100 mL 10.1 3 
4. KH2PO4 2 0.236 stock 1 M/100 mL 13.6 1 
5. CaCl2.6H2O 15 1.210 stock 1 M/1000 mL 110.99 10 

Micronutrients 
Added Added, mL 

No. Mineral salt c, 10-6 mol.L-1 
Stock 1  
M mL-1 

g mL L-1 
Stock 2  
M mL-1 Stock1

* 
Stock 2+ 

6. H3BO3 300 0.4/100 2.5724   1        -   
7. ZnSO4.7H2O 1 0.2/100 3.7274  0.02/100 1 1 
8. MnSO4.4H2O 1 0.4/100      
9. CuSO4.5H2O 0.2 0.01/100 0.3495  0.01/100 1 1 
10. CoCl2.6H2O 0.2 0.01/100 0.3738  0.01/100 1 1 
11. (NH4)2MoO4.4H2O 0.2 0.01/100 0.8016  0.01/100 1 1 
12. NaFeEDTA 25       
13. Na2SiO3.9H2O** 15 0.1/100 2.6909   1      -   
14. Tris mix (7.8): 0.023% (w/w); mean: 0.025 g Tris mix in 100 g water (MJ water = 1 g.mL-1 ) 

TRIS-HCl   0.01722      
TRIS-base   0.00778     

15 Vitamin mix:    1    
Biotin    0.2     
Vitamin B1   0.15     

 

Vitamin B12   0.2     

 

Notes: * Use 1 mL of stock solution to make a stock solution of 2;  + Use 1 mL of stock solution 2 to make 1 L medium; ** Use for 
diatom 

Experimentals 

Materials and methods  

Seeds extracted from pure cultures Pitoplankton Research 
Institute of Fisheries and Marine Maros, South Sulawesi. 

Instrument and Apparatus 

Equipment cups: Consists of the culture vessel, covering 
1000 mL bottle size, tank size of 60 liters and a set of 
glassware. Salinity was measured salinity meter. 

Identification of types of sea plankton with high carbohydrate 
content 

Isolation and identification of phytoplanktons 

Isolation of phytoplankton in the present study was done 
by taking samples of mass culture result for shrimp feed 
which contains bacteria and/or other microorganism such as 
Protozoa. In order to get pure phytoplankton strain, washing 
the cell at the new culture media and planted in medium to 
be selected for study. The culture medium used was 
modification of several culture media with artifial sea water 
which is known as “Ars-chat” which stands for Arifin-

Syahrul-Syahruddin-Henk Schat. Whereas the jelly medium 
was made by mixing the gelatin in medium solution of Ars-
chat as much as 1% (10 grams). After autoclaved, it was 
poured into a gelatin plate each about 20 ml. When the 
gelatin plate is cool, 3 drops are spread over the surface of 
gelitin plate by a sterile pipette. After a span of 3 to 5 days 
the growth of  phytoplankton cell colony was observed and 
found that phytoplankton did not associate with colony of 
bacteria. Further, 2-5 cells of phytoplankton were implanted 
in a test tube containg Ars-chat for phytoplankton culture of 
about 5-10 mL. After a span of 8 – 15 days the 
phytoplankton cell would grow with high density (103 – 106 
cells/mL). Then the seed of this phytoplankton cell was 
planted in the medium Ars-chat of which the volume was 
more (in Erlenmeyer glass of 50 mL, 250 mL, and 500 mL) 
then in culture bottle 1000 mL.  

Further culture was done to multiply the seed aside from 
being kept for culture stock. 

Physico-chemical parameters of water samples 

In order to find out the growth condition of phytoplankton 
to be isolated, measurement of several physico-chemical 
parameters was done, such as temperature, salinity, and pH 
in situ in mass culture (in the field). 
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Figure 2. Research method 

Pure Culture of Phytoplankton 

Pure culture of phytoplankton was initiated by 
innoculating seed of phytoplankton cell into a culture tube 
with density of low phytoplankton cell in Erlenmeyer flask 
of 500 mL.  After observing for 8 days,the culture condition 
was seen to be old enough (density ranges from 105-106 
sel/mL) the culture was divided into 3 parts. The first and 
second parts each 200 mL was put into a culture bottle 
volume 1 liter. Whereas the rest 100 mL was added with 
medium Ars-chat as much as 400 mL, to make it to  500 mL 
culture volume in erlenmeyer flask as culture stock again 
kept for 8 days in the future. Whereas the 1 Liter volume 
culture after 8 days was shifted to aquarium volume of 60 
liters. For both culture bottles of 1 liter, each of its growth 
pattern was observed daily for ten days by using 
Haemositometer through microscope.. At this culture the 
flow of its specific growth was observed using the formula: 

 

0ln lntN N

t


         (1) 

where  

Nt    is the density of the cell population at the time t 

 (cells mL-1) 

N0  is the density of the cell population at baseline   

(cells mL-1) 

µ  is the specific growth rate constant  (hr-1) 

t   is the time (hours) 

The amount of bomass in each liter culture volume was 
observed by filtering culture medium during the optimum 
growth by using a suitable filter paper as per the size of 
phytoplankton. The weight of phytoplankton was set by 
weiging the filter paper used before and after. 

Biomass culture of selected phytoplankton types and Its weight 
determination. 

Referring to  physico-chemical parameter, the growth 
condition of phytoplankton in field measured in situ, 
selected phytoplankton was cultured in large amount at 
aquarium of 60 liters. After the density of optimal 
phytoplankton, 1 liter was taken out for the mass culture to 
determine its biomass gravimetrically. Then harvesting 
process was done by stopping the light and aeration for 
about 3 days for the separation between water and 
phytoplankton by sedimentation. 

Analyzing carbohydrate contents of selected phytoplankton.  

Carbohydrate analysis was done by using glucose 
reduction determination method of Luff  Schoorl.  

Results and Discussion 

Isolation and Identification of sea phytoflankton 

This study has been carried out for the isolation and 
identification of a number of marine phytoplanktons from 
both, dinoflagellate and diatom groups: Dinoflagellate 
consists of Chlorella sp., Dunaliella sp., and Tetraselmis 
chuii, diatom species of Chaetoceros calcitrans consist of, 
Chaetoceros gracilis and Chaetoceros Isocrysis Galbana 
(Table 2).  

Observation result on the growth of flagellate types: 
Chlorella sp., Dunaliella sp., and Tetraselmis chuii, in 
artificial water medium (Fig.3). Observation result of 
growth pattern of diatom Chaetoceros calcitrans and 
chaetoceros gracilis in artificial water  medium (Fig. 4). 

The growth pattern of the three phytoplanktons viz. 
Chlorella sp., Dunaliella sp. and Tetraselmis chuii cultured 
at experimental environmental conditions, such as culture 
temperature, continuous light, nutrient used, salinity of sea 
water for each species of phytoplankton. Water pH applied 
and aeration CO2, show growth pattern similar to one which 
underwent 3 stages of growth, namely adjustment, splitting 
and growth-dead. Optimum density was attained on the 
seventh day for pythoplankton type Chlorella sp. and for 
Tetraselmis chuii it was attained on the sixth day  as 
1.238.333 x 104 cell mL-1 and 173.250 x 104 cell mL-1. 
(Table 4), respectively. 
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Table 2. Results of isolation and identification of phytoplanktons  

No.  Types of 
Phytoplankton 

Size (µm) Information 

1. Chlorella sp.  3-4 Green, not motile and no flagella. Spherical cell with cup-shaped chloroplas 
2. Dunaliella  Width 5-8  

Length 7-12 
Green motile with two flagella, near the back of the cells, The cells move quickly in 
the water with shaking behaviour while swimming. Cells are spherical to cylindrical 
and usually have a red-eye point. 

3. Tetraselmiks chuii width 9-10  
Length 12-15  

Motile green, with a four flagella grew out of a groove in the back of the anterior 
cells. The cells move rapidly in the water and looked shaken while swimming. 
There are four lobes are elongated and have a point reddish eyes. 

4. Isochrysis galbana  4 – 8 Motile cells with two flagella that grow near the rear part of the cell. Cells move 
faster in the water and turning while swimming. These algae are spherical shaped, 
gold-colored and usually have a red-eye point. 

5. Chaetoceros gracilis  0,5–2 These organisms are single cells and may form an interconnected chain using a hook 
of the adjacent cell. The main body is like a petri dish shape. Side view of square-
shaped organisms gives an impression of spines from the corner. 

6. Chaetoceros 
calcitrans  

4 Cylindrical and reddish brown in colour 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Growth pattern of dinoflagellate species Chlorella sp., 
Dunaliella sp., and Tetraselmis chuii. 

 

 
 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
Figure 4: The pattern of growth of Diatoms Chaetoceros 
calcitrans and Chaetoceros gricilis. 

Specific growth rate (µ) of phytoplankton types Chlorella 
sp., Dunaliella sp., and Tetraselmis chuii  (Table 5). 

The pattern of specific growth rate (µ) of diatom group for 
types Chaetoceros calcitrans and Chaetoceros gracilis 
cultured at experimental environmental conditions as stated 
earlier in the present paper. Optimum density of both 
phytoplanktons was attained on the sixth day for 
phytoplankton types Chaetocero calcitrans, Chaetoceros 
gracilis, 713.333 x 104 cells per mL and 223.667 x 104 cell 
per mL respectively (Table 6). 
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Table 4. Phytoplankton density of Chlorella sp., Dunaliella sp., 
Tetraselmis chuii, at the 8th day of culture 

Table 5. Phytoplankton cell density and specific growth rate () 

Table 7. Phytoplankton cell density and specific growth rate () 

Biomass culture and determination of dry weight of selected 
phytoplankton  

Determination of the relationship between biomass dry 
weight of phytoplankton and culture volume in optimum 
phase (Table 8).  

Table 8. Relationships of phytoplankton biomass dry weight and 1 
liter of culture volume in the optimum phase 

To predict the biomass obtained from mass culture of 
phytoplankton, dry weight test was done. Based on dry 
weight test of biomass of phytoplankton cultured with 
Arschat medium, it was observed that for phytoplankton of 
dinoflagellata type was having higher dry weight as 
compared to phytoplankton of diatom type. From the data it 
can be concluded that to obtain biomass in large amount, it 
is suggested to culture the type of dinoflagellata with dry 
weight as much as 0.34 mg/L, 0.33mg/L, and 0.28 mg/L 
mass culture medium respectively for phytolanktons 
Chlorella sp., Tetraselmis chuii, and Dunaliella sp. 

Table 6. Density and Chaetoceros calcitrans phytoplankton 
Chaetoceros gracilis cultures on 8th day 

Specific growth rate (µ) of pythoplankton types 
Chaetoceros calcitrans and Chaetoceros gracilis can be 
seen in Table 7. 

 

 

 
Carbohydrate analysis of selected phytoplankton 

The results of carbohydrate test contained in each sea 
phytoplankton are recorded in Table 9. 

Table 9. Carbohydrate levels on various types of species of 
phytoplankton biomass in the culture. 

 

No.  Types of 
phytoplankton 

Carbohydrate levels (%) 

1. Chlorella sp. 30,75 
2. Dunaliella sp. 31.99 
3. Tetraselmis chuii 26,68 
4. Chaetoceros 

calcitrans 
6,02 

5. Chaetoceros gracilis 4,70 
6. C. Isocrysis galbana  12,00 

On the basis of the type of cultured phytoplankton, it is 
apparent to note that phytoplankton which has higher 
percentage of carbohydrate content is from dinoflagelata 
group, and that are of phytoplankton types Dunaliella sp., 
Chlorella sp. and Tetraselmis chuii, which have 
carbohydrate content up to 31.99%, 30.75% and 26.68% 
respectively. 

Types of Phytoplankton density, cells mL-1 
Time 
(days) 

Chlorella sp. 
(105) 

Dunaliella sp. 
(104) 

T. chuii  (104) 

0 10,000 25,000 10.000 

1 19,583 69,333 13.167 

2 92,000 412,667 32.333 

3 257.000 844,333 80.333 

4 453,833 1.126,500 130.667 

5 627,333 1.204,667 161.333 

6 654,000 1.238,333 173.250 

7 656,333 1.158,667 150.667 

8 634,000 1.089,333 131.255 

Observations, cells mL-1 Species Size µm t, days 

No Nt 

µ, d-1) 

Chlorella sp. 3–4 6 1.000.000 66.000.000 0.0318 
Dunaliella sp. 8 6 250.000 13.500.000 0.0302 
Tetrasel mis chuii 10–15 7 100.000 1.725.000 0.0198 

Observation cells  mL-1 Species Size (µm) t, days 
Noa Nt 

µ, d-1 

Chaetoceros calciptrans 4 6 100.000 7.133.333 0.0291 
Chaetoceros gracilis 0,5–2 6 25.000 2.236.667 0.441 

No. Types of 
phytoplankton 

Biomass dry weight, 
mg L-1 

1. Chlorella sp. 0,34 
2. Dunaliella sp. 0,28 
3. Tetraselmis chuii 0,33 
4. Chaetoceros calcitrans 0,27 
5. Chaetoceros gracilis 0,24 
6. C. Isocrysis galbana  0,14 

Types of phytoplankton density, cells  mL-1 
Time, days Chaetoceros 

calcitrans (104) 
Chaetoceros gracilis 
(104) 

0 10,000 2,500 
1 42,167 10,333 
2 206,667 51,667 
3 331,667 112,000 
4 533,333 174,667 
5 660,000 198,333 
6 713,333 223,667 
7 650,000 216,667 
8 538,333 214,333 
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Conclusions  

Isolation results for six types of phytoplanktons are 
obtained. They are Chlorella sp., Dunaliella sp., Tetraselmis 
chuii,. Chaetoceros calcitrans, Chaetoceros gracilis and 
Chaetoceros Isocrysis galbana. The highest biomass 0.34 
g/L is of Chlorella sp. of dinoflagellata type and the lowest 
is 0.14 g/L of Isocrysis galbana of diatom type, whereas the 
highest carbohydrate content is in Dunaliella sp. i.e. 31.99% 
of dinoflagellata type and the lowest is in Chaetoceros 
gracilis i.e. 4.70% of diatom type. Phytoplankton with high 
carbohydrate content is suggested to be processed further to 
become vegetable fuel. 
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