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Abstract

Microalgae is an aquatic microorganism that conducts photosynthesis. It plays a vital role as an oxygen
producer in the marine ecosystem. A freshwater microalgae, Haematococcus pluvialis, has been utilized as
a health supplement and industrial application which is beneficial for human. In addition to physical and
chemical factors, nutrient composition is one crucial thing that contributes to the growth of microalgae.
This present study aimed to determine and compare the growth rate of Haematococcus pluvialis cultivated
in two culture medium, Walne’s and Guillard. The culture conditions observed were light intensity,
photoperiod of light-dark hours, temperature, inoculum concentration of medium’s liquid, and cell
density. This study confirmed that Walne’s media produced much higher biomass (247x104 cells/mL)
than Guillard’s medium (209.6x104 cells/mL). The aspect to be further performed on H. pluvialis biomass
is exploring its high-value bio compound.
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1. Introduction

Microalgae, commonly known as plankton, is a photosynthetic organism living in
a watery environment. Microalgae are playing an essential role as an oxygen producer in
the aquatic ecosystem as well as the lowest food chain in the water (Promdaen, et al.,
2014; Putri, D.S. et al,, 2019). Microalgae, based on its environment can be classified as
marine microalgae (living in saline water) and freshwater microalgae (Mobin and Alam,
2017). The well-known marine microalgae are Chlorella sp., Porpyridium sp., Dunaliella,
Navicula, Amphora, Nitzchia, and Tetraselmis (Matsunaga et al., 2005). Meanwhile, the
well-known  freshwater microalgae are Arthrospira platensis  (Spirulina),
Chlamydomonas, and Haematococcus pluvialis (Masojidek and Torzillo, 2008).

Microalgae can be classified in many ways (Correa et al., 2017). The simplest way
to distinguish them is by the color of its colony cells. The colorfulness of microalgae cells
is provided by the dominance of photosynthetic pigment in its cell. Based on the color of
the cells, microalgae can be classified into seven classes, those are green algae
(dominantly by chlorophyll pigment), red algae (dominantly by astaxanthin pigment),
brown algae (dominantly by fucoxanthin pigment), diatom, blue-green algae,
coccolithophorids, and dinoflagellates (Alam, 2019; Chapman, 2013). As for
Haematococcus, it belongs to green algae due to its green color of the cells.
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Microalgae-based research is increasing over the decades because of its high
potency for commercial industries. Where some of its or the whole part can be used for
many purposes, including: for agriculture as feed and biofertilizer, food industry as
human food, antioxidant, and colorant (Bhalamurugan et al., 2018), pharmaceutical
products such as dietary/food supplements to prevent many diseases and
drugs/medicines (Bhalamurugan et al., 2018; Khan et al., 2018; Mimouni et al., 2015;
Santhosh et al,, 2016), cosmetics as moisturizing agent, thickener agent, antioxidant, UV
protection, anti-aging, colorant in lipsticks and eye shadow (Bhalamurugan et al,, 2018;
Mourelle et al., 2017), renewable energy as biodiesel (Duong et al, 2012; Khan et al,,
2018), biofuel, biohydrogen, solar cells (Lim et al., 2015; Putri, D. S. et al,, 2015), and is
also used in wastewater treatment (Wang et al., 2016). Indonesia as a tropical country
and have a great area of water is very potential to develop research in microalgae.

Haematococcus pluvialisis a unicellular biflagellate green microalga that is
notably known for its astaxanthin pigment. Astaxanthin derivate from Haematococcus
pluvialis has been tested to several subjects and proven to have improved antioxidant,
eye function, skin, immune system, male fertility, and also can inhibit cancer (Shah et al,,
2016). Thus, this alga is very prospected to explore for commercial purposes. The
highest production of astaxanthin pigments in Haematococcus pluvialis is when the alga
growth in extreme conditions (red stage), such as lack of nutrients. While in a normal
growth environment (green stage), the alga will produce more biomass (Butler et al,
2018).

To date, the research for Haematococcus pluvialis mostly focusing on optimization of
astaxanthin production (Hernandez et al., 2015; Li et al., 2019; Shah et al., 2016; Shao et
al,, 2019), but research in producing more biomass is rarely to find. Whereas biomass
from microalgae can also beneficial for many applications, for example, it can be used as
biofuel resources. Biomass production is determined by six factors: nutrition, salinity
(for marine microalgae), temperature, light, pH, and CO2 supply (Gatamaneni et al,,
2018). Nutrition composition is playing an important role that affects the metabolite
production, such as lipids, protein, carbohydrates, and pigments. The three most
essential elements that must include in medium nutrition are carbon, nitrogen, and
phosphor. Two kinds of medium nutrition that commonly used in culturing microalgae
are Walne’s and Guillard’s medium. This research aimed to compare the growth rate
of Haematococcus pluvialis in two different mediums, Walne and Guillard, and to find out
the best medium for growing the alga (Juneja et al,, 2013).

2. Material and Method
2.1. Walne’s Medium

The composition of Walne’s medium consist of three solutions, those are
solution A, B, and C. Solution A (nutrient) was made of 20 g of NaH2P04.2H20, 100 g of
NaNOs, 45 g of NazEDTA (anhydrous), 0.36 g of MnCl2.4H20, 1.3 g of FeCl3.6H20, 33.6 g of
H3BOs, 1 mL pf B solution, and made up to 1 L with aquadest. Solution B (trace metal)
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was made of 21 g of ZnClz, 20 g of CoCl2.6H20, 9 g of (NHa4)s. M070244H20, 20 g of
CuS04.5H20, a few drops of HCl, and made up to 1 L with aquadest. While solution C
(vitamin) was made of vitamin Bi2 (cyanocobalamin), vitamin B1 (thiamine-HCI), and
made up to 1 L with aquadest. Solution A then sterilized with steam pressure, while
solution C sterilized with sterile filter membrane.

2.2.Guillard’s Medium

The composition of Guillard medium also consists of three solutions, those are
solution A, B, and C. Solution A (nutrient) was made of each 1 mL of NaH2P04.2H20 (5
g/L), NaNOs (75 g/L), Na2Si03.9H20 (30 g/L), solution B, and made up to 1 L with
aquadest. Solution B (trace metal) was made of 3.15 g of ZnCl2.7H20 (22 g/L), 1 mL of
CoCl2.6H20 (10 g/L), 4.36 g of Na2zEDTA.2H20, 1 mL of MnCl2.4H20 (180 g/L), 3.15 g of
FeCl3.6H20, 1 mL of CuS04.5H20 (9.8 g/L), 1 mL of NazM004.2H20 (6.3 g/L), and made
up to 1 L with aquadest. While solution C (vitamin) was made of 1 mL of vitamin B12 (1
g/L), 200 g of vitamin B1 (thiamine-HCI), 1 mL of vitamin H (biotin), and made up to 1 L
with aquadest. Solution A then sterilized with steam pressure, while solution C sterilized
with sterile filter membrane.

2.3.Culture of Microalgae

Microalgae were cultured in a sterile environment using the Batch technique.
Culture total volume was 900 ml, algal inoculum was 90 ml (10% of total culture
volume), nutrient solution added was 900l (0,1% v/v), and vitamin solution added was
90ul (0,01% v/v). The culture conditions were: 24 hours of light photoperiod, the light
intensity of 2000 lux, room temperature of 28 °C, and aeration for 24 hours. One mL of
culture sample was observed daily under a microscope to counted the biomass
production (cell density) using hemocytometer Neubauer.

3. Results and Discussion
Haematococcus pluvialis was cultured under conditions shown in Table 1, and
then the cell density is shown in Table 2.

Table 1. Culture Conditions

Culture Conditions

Light intensity 2000-2500 lux
Photoperiod (light: dark) 24 hours light: 0 hour dark
Temperature 26-28°C

Aeration 24 hours

Table 2. Cells Density Calculation

Cells density (x104 cells/mL)

Day(s) 0 1 2 3 4 5 6
Walne 9.28 19.81 32.43 78.20 170.96 220.2 247.0
Guillard 9.28 20.17 40.35 72.93 156.2 188.2 209.6
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In which, the parameter of light (intensity and photoperiod) and temperature
were in optimum condition (Lavens & Sorgeloos, 1996; Masojidek & Torzillo, 2008),
then the alga was growth in a green stage (Butler et al., 2018). The appearance of culture
color is shown in Figure 1. Initially, the culture liquid was transparent due to relatively
low cell density. The initial cell density was 9.28x10# cells/mL. After day 1, the culture
began to show the greenish color, which means the algae is growing well in both
mediums and became greener day by day and ever darker since day 5. From the culture
liquid, it can be seen the difference in cell density, where the Walne‘s culture was
greener than Guillard culture since day 4, which means algae biomass production in
Walne's is higher and is supported by the daily cell density counting in Table 2.

Figure 1. Culture of Haemotococcus pluvialis in Walne’s medium (left) and Guillard’s medium (right): d-0
(A); d-2 (B); d-6 (C)
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Figure 2. The growth curve of Haematococcus pluvalis in two different medium
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Based on Table 2, it can be seen that initially, the cell density of Guillard's
medium is leading at days 1 and 2. It can be explained because the inoculum was
cultured in Guillard's medium previously. So, the alga is already adapted in this medium.
Meanwhile, for Walne’s culture, the cell density is lower because it enters the
lag/induction phase at days 1 and 2 (see the growth curve of Haematococcus pluvialis in
Figure 2). The lag phase is indicated by a little increase in algal cell density due to
adaptation in a new environment (Fatemeh and Mohsen, 2016).

The second stage, the exponential phase, is seen to begin since day 3. At this
phase, algae start to proliferate to the peak (Perumal et al.,, 2015). On day 3, the cell
density of both mediums is relatively almost the same. But since day four the cell density
in Walne's medium is higher than in Guillard's and the differences in cell density
(biomass production) were getting wider over days (Figure 2). After six days of culture,
the color of the culture remains darker (Figure 1) and also indicates that the alga is still
growing. It means that the alga lifespan is more than a week, in other report show
that Haematococcus pluvialis peak in growing is on day 13 and began to enter the death
phase since day 15 (Muzaki, et al., 2008).

There were only two stages detected on the growth curve of Haematococcus
pluvialis in this research due to uncontinuous cell counting after day 6, while the overall
growth stages of algae averagely including five stages: lag phase, exponential phase,
phase of declining relative growth, stationary phase, and the death phase. Based on the
data and the growth curve, it can be concluded that biomass production
of Haematococcus pluvialis is higher in Walne's medium than in Guillard's. It means that
nutrition in Walne's medium is better than Guillard for the growth of Haematococcus
pluvialis, even though the composition of those mediums is relatively similar.

The difference between Walne’s and Guillard’s medium is the existence of sodium
silicate and vitamin H in Guillard and the proportion of Nitrogen (N) and Phosphor (P)
elements content in both mediums. Where in Walne, the N and P compounds are higher
(20 g and 100 g per L volume) than in Guillard (1 mL each per L volume). Nitrogen is
needed for the formation of protein (the building blocks of the cell) and nucleic acid,
while phosphor (in the form of phosphate) is part of the backbone of DNA and RNA,
which are genetic materials that essential for the human life (Juneja et al, 2013).
Furthermore, research showed that the increase of nitrate (NOs) utilization would
increase the protein content by up to 44.3% (Panahi et al., 2019). That is why the
biomass production in Walne’s is higher than in Guillard’s medium due to the wide
difference in N and P concentration. So, for further culturing of Haematococcus pluvialis,
Walne's medium is recommended than the Guillard.

Conclusion

This research presented information that Walne’s medium was able to supply
better nutrition for Haematococcus growth than the Guillard’s. Due to the medium’s
content which nitrate (contained nitrogen element) and phosphate (including phosphor
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element) content are higher in Walne’s. Thus, for producing more biomass
of Haemotococcus pluvialis culture, using the Walne’s medium is recommended.
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