Growth of Nannochloropsis sp. in culture media
enriched with shrub-like annual Clerodendrum
minahassae leaf extract
Jane L. Dangeubun, Petrus P. Letsoin, Diana Y. Syahailatua
Department of Fisheries Product Technology, State Fisheries Polytechnique, Tual,
Jln Langgur-Sathean Km 6, Southeast Mallucas Regency, 97611, Indonesia.
Corresponding author: J. L. Dangeubun, linda@polikant.ac.id

Abstract. This study was aimed to know the effect of water-extracted shrub Clerodendrum minahassae
L. leaf application on the growth of algae Nannochloropsis sp. It used Complete Randomized Design with
4 treatments of the shrub concentrations, 2%, 4%, 6%, 8% of total water volume of Nannochloropsis sp.
culture, positive control, and negative control, each of which with 3 replications. The culture media was
water-extracted shrub C. minahassae leaf, whereas the positive control treatment used Walne fertilizer.
Negative control treatment was also prepared without addition of Walne fertilizer or the shrub leaf
fertilizer. Nannochloropsis sp. was cultured in the glass jar containing 1 L of water. Results showed that
the highest growth of Nannochloropsis at 4% shrub extract concentration was 82.3x107±4.7x107 cells in
day-4, and 6% shrub extract concentration yielded the highest density in day-3, 70.7x107±19.0x107
cells, whereas the concentration of 2%, 8%, positive control, and negative control had low cell density
and quickly declined then began to die in day-4 to day-9. This finding concluded that addition of the
shrub leaf concentration significantly influenced the density of Nanochloropsis sp. (p < 0.05), in which
the addition of 4% and 6% shrub leaf extract concentration was the best treatment to yield the highest
density of Nannochloropsis sp. cells.
Key Words: water-extracted shrub, glass jar, plant fertilizer, density, alga.

Introduction. Microalga is the most primitive unicellular plant commonly known as
phytoplankton (Kawaroe et al 2010), a lower plant that possesses chlorophyll for
photosynthesis (Rismiarti et al 2016). Phytoplankton is very interesting in marine
biotechnology because of its benefits to human life (El Nabris 2012). It can be benefitted
as fossil fuel substitute, such as biodiesel (Nurachman et al 2012) and bioethanol (Huang
et al 2010). It is also rich in nutrients, such as fatty acid omega 3 and 6, essential amino
acid (Abu-Rezq et al 2010), and producer of several carotene types (de Fretes et al
2012).
Safitri et al (2013) stated that Nannochloropsis sp. was one of the natural food
often used for fish larvae, shrimp, clamp, zooplankton, rotifer, and Artemia due to its
higher nutritional content than that of other microalgae, in which Nannochloropsis sp.
holds 52.11% protein, 16% carbohydrate, 27.64% fat, 0.85% vitamin C, and 0.89%
chlorophyll-a (Erlania et al 2010).
Nannochloropsis sp. is an industrially promising microalga that can be cultivated
as alternative nutrition source due to its high productivity, protein content, and lipid
composition (Hullat et al 2017). It belongs to green algae group that has greenish balllike cell and small diameter, 2-8 μm (Kawaroe et al 2010). To obtain Nannochloropsis sp.
content quality, it is necessary to pay attention on the environmental and nutritional
condition for Nannochloropsis sp. requirements that can yield intact cell biomass and
have high nutrition. Microalga biomass has been widely implemented in food and feed
industry to obtain high economic chemical materials, such as pharma and ecological
applications (Pignolet et al 2013; Borowitzka 2013; Liu et al 2016).
Microalga has 3 major applications, aquaculture, health supplement, and valuable
bioproduct extraction (Sathasivam et al 2019). One of the causing factors in high natural
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of microalga production is to provide culture media containing pure compound specifically
made for microalga culture.
One of the phytoplankton types needed in rearing various marine fish larvae is
Nannochloropsis sp. Its availability, either quality or quantity, is a crucial factor in larval
rearing success. Seeding requires Nannochloropsis sp. with good quality and quantity,
the cell density and high protein content (Bahua et al 2015).
The typical characteristic of Nannochloropsis sp. is to have cellulose-based cell
wall. Nannochloropsis sp. contains vitamin B12 and Eicosapentaenoic acid (EPA), omega
3 HUFAs, protein, carbohydrate, lipid, vitamin C, and chlorophyll-a. Vitamin B12 is very
important for rotifer population and EPA is good for rotifer nutrition as feed of fish larvae
(Fulks & Main 1991). Microalgae are also needed as food for zooplankton (Mukhlis et al
2017). Nannochloropsis sp. is beneficial for rotifer Brachionus plicatilis to grow (Sales et
al 2016; Safrizal & Humairani 2013). Nannochloropsis sp. culture is highly dependent
upon culture media and environmental factors that influence it (Faria et al 2012; Boroh
et al 2019). Major factors supporting the microalgal life are light, water, and CO2 (Elystia
et al 2019).
Flowering plant Clerodendrum minahassae L. is one of many plants used in
Indonesia as vegetables and traditional medication for blood-enhancing drug, abdominal
pain, and lung disease (Kairupan et al 2019). This study aims to develop a type of
natural fertilizer made from easily found and cheap material for Nannochloropsis sp.
culture. Application of this shrub water extract as natural fertilizer is expected to be able
to increase the cell density of Nannochloropsis sp.
Material and Method. This study was conducted approximately for 3 months, April-June
2020 at Natural Feed Laboratory of State Fisheries Polytecnique, Tual.
Preparation of Nannochloropsis sp. culture media. Media employed in this study
was seawater filtered through filter bag, then sterilized through heating up to boiling and
free from microbes. Sterilization is aimed to remove or minimize the presence of
microorganisms or other disrupting substances in the culture media during the study.
Sterilization, according to Purnamawati et al (2012), is done to make the phytoplankton
growth be uncontaminated.
Preparation of C. minahassae water extract as natural fertilizer of Walne
substitute. Shrub C. minahassae leaf on the shoot part was cleaned, separated from the
stem, washed in running water to remove the dirt, parasite, or bacteria attached on the
leaf surface, drained, air-dried for 5 min. The leaves were chopped, and as much as 50 g
was finely blended in 500 mL of water, filtered, and the solution was taken as
Nannochloropsis sp. fertilizer.
Laboratory-scaled culture. The fertilizer used for laboratory culture of Nannochloropsis
sp. was Walne fertilizer. It consists of 1 mL L-1 F2 and 0.5 mL L-1 of vitamin mix (Gusrina
2008). The culture was carried out in the controlled glass jar using F2 fertilizer at a dose
of 1 mL L-1 and vitamin mix of 0.5 mL L-1 (Figure 1). Nannochloropsis sp. was reared in
the controlled glass jar containing 1 L of water. The inoculant used was 30% of total
culture volume, then placed in the culture cupboard facilitated with 2 units of 40 wattPhilip TL lamp as light source and aerated to supply oxygen. Nannochloropsis sp. needs
light intensity between 2,500 and 5,000 lux. It is in line with Inthe (2012) who utilizes
the light intensity of 3,000-10,000 lux. The observation on cell growth was daily carried
out until the harvest at the 4th day. Harvest was conducted through total harvest system
used as inoculants for larger volume culture.
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Figure 1. Laboratory-scaled Nannochloropsis sp. culture.
Shrub leaf extract treatment as natural fertilizer for Nannochloropsis sp.
growth. This experiment applied 4 treatments with 3 replications, positive control using
Walne fertilizer, and negative control without any fertilizer. The water-extracted shrub
leaf used in this study was at the concentration of 2%, 4%, 6%, 8%, positive control,
and negative control with 700 mL of sterile seawater at the salinity of 27 ppm and 300
seeds of Nannochloropsis sp. Each glass jar that contains sterile seawater and
Nannochloropsis sp. seed was added with water extract of the shrub leaf, except positive
control and negative control. Observations on Nannochloropsis sp. cell growth were
conducted daily using microscope facilitated with haemocytometer. Water quality
parameters measured were temperature, salinity, and acidity (pH). These observations
were carried out until the growth of Nannochloropsis sp. showed declining trend or
mortality phase.
The estimation of Nannochloropsis sp. growth followed Isnansetyo & Kurniastuty
(1995):
Cell density (cells mL-1) = n x 4 x 106
where n = number of cells, and 4 x 106 = heamocytometer constant
The effect of different treatment concentrations on the growth rate was analyzed
using Complete Randomized Design at 95% confidence (a = 0.05) (Nurhatika 2010).
Data processing was done using ver. 17 SPSS software. The outputs are presented in
tables.
Results and Discussion
Nanochloropsis sp. growth. Observation on Nannochloropsis sp. was conducted daily
for 7 days. The growth curve of lag phase (adaptation) occurred in day-1, in which all
treatment concentrations, 2%, 4%, 6%, 8%, positive control, and negative control had
Nannochloropsis sp. cell development, whereas in day-2, all treatments showed cell
development, except negative control, because it ran out of nutrients in the media from
no fertilization and used only the limited nutrients in the seawater that results in
mortality of Nannochloropsis sp. cells. In this phase, the algae still adapted to the
environment, in which the concentration of 2%, 4%, 6%, 8%, and positive control
yielded gradual increase in number of cells since Nannochloropsis sp. could adapt to the
new environment. Different number of Nannochloropsis sp. cells at each treatment could
result from different adaptability of Nanochloropsis sp. cells to the new medium (Fadilla
2010).
Cell growth of Nanochloropsis sp. during the study showed that addition of the
shrub leaf extract concentration significantly influenced the density of Nannochloropsis
sp. (p < 0.05). Addition of 4% extract concentration gave the highest density at day-4,
82.3x107±4.7x107, then the density started declining in day-5 to day-9, whereas addition
of 6% extract concentration yielded the highest cell density at day-3,
70.7x107±19.0x107, then the density declined in day-4 to day-9. The extract
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concentration treatment of 2%, 8%, positive control, and negative control did not give
significant growth, and Nanochloropsis sp. cell density started declining in day-4 to day9, in which the number of cells became very few up to reaching the mortality phase
(Figure 2).

Figure 1. Nanno cell growth.
The extent of growth is used as a measure of the media carrying capacity on the algal
growth. The irregular growth curve of each treatment could result from different
adaptability of Nanochloropsis sp. cells to the new medium. The organisms run the
metabolism but cell division has not significantly occurred so that the cell density has not
developed yet (Fadilla 2010). Cell mortality could result from insufficient availability of
nutrients in the media that affects the cell density of Nanochloropsis sp. Water salinity,
temperature, and pH of the culture media were in the range of 27-28‰, 26-27oC, and
7.7-8, respectively. It means that water quality parameters in the culture media are in
normal range and do not directly influence the cell growth. These findings are supported
by Sari et al (2012) that type and level of nutrients in the media highly affect the growth
of Nannochloropsis sp.
Faster density decline in the concentration of 2%, 8%, positive control, and
negative control (Figure 1) could result from that the nutrients in Nanochloropsis sp.
water extract as culture media have been not enough. It is in agreement with Sutomo
(2005) that algae are not capable of benefitting nutrients in limited number condition so
that the population density could decline. The cell growth of Nanochloropsis sp. during
the study experienced several phases as follows:
1) Lag phase as the first phase of the microalga growth in culture. This phase
occurs when the inoculum is placed into the culture media, and microalga Nanochloropsis
sp. makes an adaptation to the new media to grow before the cell division occurs. All
treatment concentrations cause the microalgae pass through this phase with slow growth
and few cell divisions.
2) Exponential phase. In this phase, the microalgae have very fast growth due to
increased photosynthetic activity and yield high biomass (Madigan et al 2010). During
this period, the cultured microalgae are in stable condition and the cell division occurs
faster. The exponential phase started in day-2 to day-4 at the treatment of 4% extract
concentration, day-1 to day-6 at 6% extract concentration, day-2 to day-4 at 2% and
8% extract concentration, respectively. Increase in cell growth is highly dependent upon
the availability of nutrients in the culture media, whereas decline in cell density could be
caused by insufficient nutrient availability in the medium due to no nutrient addition and
space competition among the cells in the limited volume (Musa et al 2013). This
exponential phase makes the cell structure be in normal condition and there is an
equilibrium between nutrients in the medium and in the cell.
3) Cell growth decline phase. Decline in number of cells occurs because of high
nutrient competition in the culture media and the nutrients are not enough available for
the fast growing population in the exponential phase. The cell density at the treatment of
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2% extract concentration started declining in day-4 to day-5, whereas in day-5 to day-9,
no Nanochloropsis sp. cells were recorded because all were dead. Cell density declined in
day-5 to day-9 at the treatment of 4% extract concentration, day-6 to day-9 at the
treatment of 6%, while at the treatment of 8% extract concentration, positive control,
and negative control the cell growth started declining in day-3 to day-4, and no
Nanochloropsis sp. was recorded afterwards since all cells were dead. The imbalance
between number of nutrients and microalga population makes a part of the nano
microalgae do not gain enough nutrition for division process.
4) In mortality phase, number of microalga Nanochloropsis sp. cells declines until
the death, in which there is no any Nanochloropsis sp. cell in the treatment media. The
application of 2%, 8%, and positive control have led to death in day-3 to day-4, whereas
4% and 6% treatment concentrations showed decline in number of cells in day-5 to day9. It is shown by Nanochloropsis sp. cell mortality since water quality changes to worse
condition, nutrient content in the culture medium declines, metabolism ability of the
microalga decreases from insufficient nutrient content, and culture media is limited, so
that their cell division ability tends to be restricted as well, and then the cell division will
stop due to insufficient nutrients in the culture media. According to Sari et al (2012), the
type of nutrients and the concentration in the media highly influence the growth of
Nannochloropsis sp. It is in line with Nurfadillah et al (2010) that decline in
phytoplankton growth results from several factors, such as photosynthesis, sufficient
nutrient availability, and turbidity.
Statistical analysis (Table 1) showed that addition of the shrub leaf extract
concentration gave significantly different density of Nanochloropsis sp. during the study
(p < 0.05). Nannochloropsis sp. density reached the highest cell density in day-4,
82.3x107±4.7x107 and then declined in day-5 to day-9, while treatment of 6% yielded
the highest cell growth in day-3, 70.7x107±19.0x107, then declined in day-4 to day-9.
Compared with 4 other treatments, the extract concentration of 2%, 8%, positive
control, and negative control did not have significant growth and the cell density started
falling down in day-4 to day-9, then went into mortality phase (Table 1).
Table 1
Density of Nannochloropsis sp. during the study period
Treatments
Day

1
2
3
4
5
6
7
8
9

2%

4%

6%

8%

34.8x107±
2.4x107ab
46.0x107±
4.5x107ab
60.1x107±
2.2x107ab
5.3x107±
9.2x107c
5.8x107±
1.0x107b
00.00±
0.00b
00.00±
0.00b
00.00±
0.00b
00.00±
0.00b

33.6x107±
1.8x107b
50.4x107±
2.1x107a
69.7x107±
5.0x107a
82.3x107±
4.7x107a
24.0x107±
20.8x107ab
10.7x107±
10.1x107b
6.3x107±
5.6x107b
3.2x107±
2.8x107b
4.0x106±
0.4x107b

27.6x107±
1.4x107c
40.0x107±
0.00bc
70.7x107±
19.0x107a
41.2x107±
38.3x107b
38.3x107±
33.3x107a
31.1x107±
26.9x107a
27.9x107±
24.8x107a
20.5x107±
18.2x107a
4.4 x107±
4.8x107a

21.3x107±
2.3x107d
36.0x107±
0.00c
42.0x107±
2.0x107b
00.00±
0.00c
00.00±
0.00b
00.00±
0.00b
00.00±
0.00b
00.00±
0.00b
00.00±
0.00b

Positive
control (PC)
36.4x107±
0.4x107ab
40.3x107±
11.0x107bc
18.9x107±
20.1x107c
00.00±
0.00c
00.00±
0.00b
00.00±
0.00b
00.00±
0.00b
00.00±
0.00b
00.00±
0.00b

Negative
control (NC)
37.3x107±1
.7x107a
00.00±
0.00d
00.00±
0.00c
00.00±
0.00c
00.00±
0.00b
00.00±
0.00b
00.00±
0.00b
00.00±
0.00b
00.00±
0.00b

Notes: a – day-2 and 4 for 4%, day-3, 5, 6, 7, 8, 9 for 6%, day-1 for NC; b – day-5, 6, 7, 8, 9 for 2%, day- 4
for 6%, day-5, 6, 7, 8, 9 for 8%, PC and NC; ab – day-1, 2, 3 for 2%, day-5 for 4%, day-1 for PC; bc – day-2
for 6%, day-1 for PC; c – day-4 for 2%, day-1 and 3 for 8%, day-4 for PK, day-3 for NC; d – day-8 for 8%,
day-2 for NC.
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The growth of Nannochloropsis sp. is not only affected by the nutrient content but
the environmental condition as well, such as water temperature, salinity, and pH. During
the study, water quality was in the normal range, temperature of 26-27oC, salinity of 2728‰, and pH of 7.7-8 (Table 2). According to Sahira et al (2017), Nannochloropsis sp.
needs water temperature of 26-28°C, salinity of 25-26 ppt, and pH of 7-8 to grow, and
Jadid et al (2017) found the optimum salinity range of 23-27‰, temperature of 2830.7oC, and pH of 7-8.9, but Pal et al (2011) claimed that Nannochloropsis sp. can grow
at various salinity levels. Thus, the water quality measurements recorded in this study
are in normal condition, even though the treatment concentrations of 2%, 6%, 8%, NC,
and PC yield low Nannochloropsis sp. cell density. It indicates that sufficient nutrient
availability needed by Nannochloropsis sp. for the growth is not fulfilled since there is no
equilibrium between nutrient availability and number of cells in the culture media. The
treatment concentration of 4% water extract of C. minahassae leaf could give sufficient
nutrient for Nannochloropsis sp. growth than other treatments. The type and level of
nutrient in the media highly influences the growth of Nannochloropsis sp. (Sari et al
2012).
Table 2
Water quality measurements in Nannochloropsis sp. culture media
Parameters
Temperature (oC)

Salinity (‰)
pH

2%
26
27
8

4%
27
28
7.8

6%
27
27
7.7

8%
27
27
7.8

PC
27
28
7.7

NP
27
27
7.8

Quality standard
28-30.7 (Jadid et al 2017)

23-27 (Jadid et al 2017)
7-8.9 (Jadid et al 2017)

According to Sylvester et al (2002), the optimum range of salinity for microalga growth is
25-35%. Salinity of the culture media increases from evaporation caused by the
temperature of the light used during the culture experiment. The salinity change could
also result from water agitation in the culture media that results in evaporation. The
acidity level (pH) of the culture media ranged 7-8 during the study, and this condition
occurs in optimum range.
Conclusions. Addition of shrub-like annual leaf concentration gave significant effect on
Nanochloropsis sp. density (p < 0.05). Addition of 4% shrub-like annual extract yielded
the highest density at the third day, 82.3x107±4.7x107, and addition of 6% concentration
gave the highest density at the fifth day, 70.7x107±19.0x107.
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