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ABSTRACT 

Microalgae are a group of micro-sized photosynthetic organisms that range 
from prokaryotic cyanobacteria to eukaryotic algae. Microalgae are widely 
used as a source  of natural food, cosmetic ingredients, food ingredients, 
and a source of pigments. This study aims to identify species of four 
microalgae isolates named B1, B2, B3, and S2 from Bangkalan Mangrove 
Waters and Sowan Tuban Northern Waters, and to determine their 
astaxanthin pigment concentration under 1 M NaCl. Species identification 
was carried out through a molecular approach by utilization of an 18S 
rRNA gene marker. A quantitative test of astaxanthin concentration was 
carried out by spectrophotometric analysis. Molecular identification results 
show that isolates B1 and B3 are closely related to  Chlorella sp., while 
isolates B2 and S2  are closely related to Picochlorum maculatum. Moreover, 
under salinity stress condition of 1 M NaCl shown a significant decrement 
of astaxanthin production compared to the control treatment. At 1 M NaCl, 
the astaxanthin content of isolate B1 was 4x10-5 mgL-1, isolate B2 was 2x10-

5 mgL-1, isolate B3 was 1x10-5 mgL-1, and isolate S2 was 6x10-6 mgL-1. All in 
all, isolate S2 has the highest astaxanthin among the other isolates at normal 
conditions, while under salt stress regime, isolate B1 shown to be the best 
source for astaxanthin. 
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INTRODUCTION 
Microalgae are plant-like protists commonly referred to as phytoplankton 
with a diameter of between 3-30 μm, single-celled or in simple colonies. The 
microalgae group is a large group that varies from prokaryotic cyanobacteria 
to eukaryotic algae scattered in many phyla. Microalgae are single-celled 
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organisms with simple structures that have the ability to convert carbon 
dioxide and water using solar energy into biomass. Microalgae can be found 
widely in various types of waters and are capable of multiplying their biomass 
rapidly during exponential times (Yanuhar 2016). Meanwhile, according to 
Guiry (2012), there is still uncertainty about what characteristics cause an 
organism to be classified as an algae and its taxonomic hierarchy. However, 
until June 2012 there were 44,000 algal species names that have been 
published with a conservative identification approach. This is the cause of 
the importance of having the ability to science algae systematics. Referring to 
Suparman (2012) identification using morphological data is an identification 
that is often used but this method is less effective because of a long time and 
often the appearance of the morphology of organisms is influenced by 
external factors so that the results of the identification obtained are not 
consistent. The shortcomings of this method have led to the identification 
and analysis of the relationship between organisms. Methods in identifying 
organisms have developed from the use of morphological identification up to 
the use of molecular identification based on some pieces of short DNA 
called “DNA barcode” (Hebert et al. 2003; Zulfahmi 2013). DNA Barcode 
refers to the use of standard short DNA regions to identify organisms even if 
the DNA is incomplete, damaged, or degraded (Hajibabaei et al. 2007). 18S 
rRNA gene is a common molecular marker for biodiversity studies because it 
is highly conserved within a single species (close to 100% similarity) and 
helps in species-level analyses. 
 Microalgae produce pigments that are focused on three types, namely 
chlorophyll, phycobillin, and carotenoids (Elfiza et al. 2019). Carotenoids are 
natural pigments produced in fungi, bacteria, algae, and plants but are not 
produced by animals. Carotenoids are used as ingredients in vitamin 
supplements, cosmetics, health food products, and addictive substances. 
Carotenoids that have been studied include β-carotene, lutein, lycopene, 
zeaxanthin, and astaxanthin (Coates et al. 2013). Astaxanthin with the 
structural formula 3,3′-dihydroxy-β, β-carotene-4,4′-dione is a ketocarotenoid 
that is synthesized in limited quantities in microalgae, plants, bacteria, and 
fungi. Unlike primary carotenoids (e.g., β-carotene, zeaxanthin, and lutein) 
which are components of the photosynthetic apparatus, which is in charge of 
collecting light energy and transferring energy to chlorophyll in 
photosynthesis (Demmig-Adams et al. 1996) astaxanthin is a secondary 
carotenoid that accumulates in cells when the cells are subjected to 
environmental stress or adverse culture conditions, such as high light, high 
salinity and nutritional deficiencies (Han et al. 2013). Salinity stress in the 
form of high salt concentrations in the medium will cause disruption of the 
osmotic balance and Na+ poisoning resulting in a decrease in the microalgal 
cell growth rate. Under conditions of salinity stress, microalgal cells will make 
physical and biochemical adjustments such as inhibition of photosynthesis, 
synthesis of macromolecular compounds, and adjustment of homeostasis. 
(Wang et al. 2018). Environmental stress causes Reactive Oxygen Species 
(ROS) in cells that cause damage to DNA, proteins, and cell membranes. 
ROS at the same time stimulate the emergence of secondary carotenoids 
such as astaxanthin which consume molecular oxygen during ROS synthesis 
so that it will directly reduce the formation of ROS (Collins et al. 2011). 
Environmental stress conditions will cause the accumulation of secondary 
carotenoids such as astaxanthin and ketolutein and result in the degradation 
of chlorophyll pigments and primary carotenoids (Mulders et al. 2015). The 
ratio value of the carotenoid pigments concentration to chlorophyll pigments 
concentration becomes an indicator of carotenogenesis in microalgae cells 
which will increase when microalgae cells are exposed to environmental 
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stress conditions due to the accumulation of secondary carotenoids (Chen et 
al. 2017).  
 Astaxanthin has been reported to have the most potent antioxidant 
activity compared to other carotenoids (Han et al. 2013). Astaxanthin 
antioxidant activity is the ability to capture reactive oxygen species (ROS) and 
neutralize free radicals in the cells because astaxanthin has thirteen 
conjugated double bonds arranged as single double bonds. Astaxanthin is 
widely used in nutraceuticals and pharmaceuticals for diseases associated with 
increased free radicals such as cancer, cardiovascular disease, degenerative 
diseases of the eye. Astaxanthin is also a common coloring agent in 
aquaculture to provide red pigmentation (Lorenz & Cysewski 2000; Guerin 
et al. 2003).   
 Some of the microalgae that produce astaxanthin in their cells, among 
others Botryococcus braunii which is equal to 0.01% astaxanthin by dry weight, 
Haematococcus pluvialis  which is equal to 4% astaxanthin by dry weight, 
Eremosphera viridis, and Trachelomonas volvocina (Han et al. 2013), Chlamydocapsa 
sp. which is equal to 0.04% astaxanthin by dry weight (Leya et al. 2009), 
Chloromonas nivalis which is equal to 0.004% astaxanthin by dry weight 
(Remias et al. 2010), Chlorella zofingiensis which is equal to 0.7% astaxanthin by 
dry weight Neochloris wimmeri which is equal to 1.9% astaxanthin by dry 
weight, Protosiphon botryoides which is equal to 1.4% astaxanthin by dry weight, 
Scotiellopsis oocystiformis which is equal to 1.1% astaxanthin by dry weight 
(Orosa et al. 2000), Chlorococcum sp. which is equal to 0.7% astaxanthin by dry 
weight (Ma & Chen 2001), Scenedesmus obliquus which is equal to 0.3% 
astaxanthin by dry weight (Qin et al. 2008). 
 Indonesia is an archipelago with 17,508 islands, and a coastline of 
81,290 km, which is united by a sea of 5.8 million km2. However, the 
development of the marine and fisheries sector is still far from expectations, 
even though Indonesia's coastal and marine areas have enormous potential 
natural resources and have not been optimally utilized (Lasabuda 2013). 
Mangrove ecosystems are known as brackish forest ecosystems because they 
are found in water areas with salinity levels between 0.5 °/oo and 30 °/oo. 
This ecosystem is also known as a tidal forest ecosystem because it is found 
in areas that are affected by tides (Noor et al. 1999). Microalgae that live in 
brackish and marine ecosystems have the ability to adapt to living in saline 
environments. This research aims to explore and identify the species of 
microalgae from both mangrove waters located in Sepulu sub-district, 
Bangkalan Madura and the northern waters of Sowan, Tuban, East Java and 
then tested the concentration of astaxanthin produced by microalgae isolates 
after experiencing salinity stress. Based on a review of the literature, 
exploration of microlagae of Indonesia's local resources in Bangkalan 
mangrove waters and the northern waters of Sowan, Tuban East Java as a 
producer of astaxanthin has not been widely carried out until this article was 
compiled. In this study, microalgae that were isolated from both locations 
were induced to produce astaxanthin in vitro in high saline medium of 1 M 
or equal to 83 ‰ as a salinity stress. 
 
MATERIALS AND METHODS 
 
Microalgae sampling  
The sampling of microalgae was carried out in December 2019 in mangrove 
waters, Sepulu sub district, Bangkalan Madura and in the northern waters of 
Sowan, Tuban, East Java. A sampling of microalgae was performed by the 
horizontally towing method, namely plankton net size 0.08 mm drawn 
horizontally by boat at a constant speed (10 km / hour) for a certain distance 
at a water depth of 0-50 cm. A sampling of microalgae in the northern waters 
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of Sowan, Tuban was carried out at a distance of ± 500 meters from the 
coastline through seagrass and coral vegetation. Sampling was done by using 
a motorboat with a speed of 10 km / hour with a distance between stations 
along the 200 meters. Samples of microalgae from all stations were collected 
in one sampling bottle and then stored in a cooler box (Sulardiono et al. 
2015). The sampling points in Bangkalan mangrove waters and northern 
waters of Sowan Tuban show in Figure 1. 
 
Identification of microalgae isolates 
Isolation, purification, and cultivation of microalgae   
Isolation, purification, and cultivation were carried out at the Laboratory of 
Plant Bioscience and Technology, Department of Biology, Faculty of Science 
and Data Analysis, Sepuluh Nopember Institute of Technology. The medium 
used was f / 2 Guillard liquid medium for dilution and f / 2 Guillard solid 
medium for the streak plate method. Making liquid media was done by 
filtering seawater, respectively from the mangrove waters of Bangkalan 
Madura and northern waters of Sowan Tuban. The water from the sampling 
site was used as a solvent for Guillard f / 2 media. In making f/2 solid 
media, 10g / L (1%) agarose was added to the liquid medium (Thao et al. 
2017). The microalgae samples were diluted using stratified dilution method 
in sterile f / 2 Guillard liquid medium. The stratified dilutions were carried 
out aseptically and obtained 10-2, 10-3, and 10-4 dilutions. A total of 5 drops 
of sample from each level of dilution were placed onto the surface of the 
sterile solid medium and leveled using drygalski (cell spreader). Isolates were 
incubated at room temperature (23-25°C) with 24: 0 light: dark photoperiod 
for 7-14 days (Azzahidah & Ermavitalini 2016). The isolate colonies that 
grew on the medium were transferred to a new sterile solid medium using the 
streak plate method. The selection of isolates was based on colony 

Figure 1. A)  Sampling location seen from the north of Madura Island (6°52'48"S; 113°0'7"T) and B) sampling locations 
in the Bangkalan mangrove waters Madura, East Java with 5 sampling points.  C) Sampling locations in the northern 
waters of Sowan Tuban, East Java with 7 sampling points. 
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morphology, colony color, and differences in cell morphology. The process 
was carried out continuously until pure isolates were obtained. Monoculture 
isolates were transferred gradually to liquid media. The ratio of isolates and 
media is 1:10. Cultivation is carried out by giving aeration everyday at room 
temperature (23-25˚C), with a light: dark photoperiod 24:0 for 14 days 
(Azzahidah & Ermavitalini 2016). 
 
Genome DNA Extraction and determination of the concentration 
 The extraction of DNA genome using Genomic DNA Mini Kit (Plant) 
GeneaidTM following the protocol from the manufacture. Determination of 
DNA concentration using a nanodrop spectrophotometer using a ratio of 
260 nm/280 nm. The purity value was obtained from the absorbance ratio at 
a wavelength of 260 nm which is absorbed by DNA with  absorbance at a 
wavelength of 280 nm which is absorbed by the contaminants. Genome 
DNA was then treated with RNase to eliminate RNA and subjected to 
electrophoresis by using 0.8% of agarose gel in 0.5x TBE (Tris-Borat-EDTA) 
buffer. 
 
Primers Design, PCR amplification, electroporation, and Gene Sequencing 
In this research, the primers pair were designed at the new position and not 
using the universal primers. The DNA sequence of several 18S rRNA genes 
for green microalgae named Chlorella sp. (AB176665.1), Haematococcus lacustris 
(LT578169.1), Chlamydomonas orbicularis (AB511839.1), Golenkinia sp. 
(AF499924.1), Mychonastes sp. (AB727554.1) were retrieved from the NCBI 
database (www.ncbi.nlm.nih.gov). The sequence was then subjected to the 
MultAlin online software (http://multalin.toulouse.inra.fr/multalin/) for 
alignment purposes. The primers pair were chosen at the conserved region 
manually to customize the expected products. Neb calculator was used to 
calculating the melting temperature for each oligonucleotide sequence. The 
primer homodimer, heterodimer, and secondary structure were analyzed 
using the online software OligoAnalyzer (https://sg.idtdna.com/calc/
analyzer). From the process, we obtain forward primer: 5'-CGATGGTAGG 
ATAGAGGCC-3', while the reverse primer is: 5'-CTAGGCATTCCTCGTT 
GAAG-3'. 
 The genome obtained during the extraction process was used as a 
template for the DNA amplification process. DNA amplification begins with 
the mixing of the primary reagents forward, reverse, ddH2O, DNA template, 
and kit. DNA Amplification uses a PCR BIOER GeneTouch Thermal cycler 
and was carried out by setting the temperature and time according to the 
GoTaq Green Master Mix protocol. The steps of DNA polymerization with 
a PCR machine are carried out as follows: predenaturation step is set on 94°C 
for 30 seconds and done in 1 cycle, denaturation step is set on 94°C for 30 
sec and done in 40 cycles, annealing step is set on 50°C for 30 sec and done 
in 40 cycles, elongation step is set on 72°C for 30 seconds and done in 40 
cycles. PCR products were observed using electrophoresis. Moreover, 2% of 
agarose in 0.5x TBE buffer was used to visualize the DNA genome and PCR 
products. Electroporation processes were conducted at 100 volts for 35 min. 
DNA fragments were observed with a UV transilluminator. The correct size 
of the PCR product was then purified and subsequently sequenced using 
Sanger Method. 

  
The Content of chlorophyll, carotenoids, and astaxanthin test 
Preparation of microalgae culture and cultivation medium 
The microalgae that were isolated from both sampling locations as a single 
colony and pure culture on solid medium were obtained from method 2.2.1, 
then cultured in liquid medium. microalgae isolated from the northern waters 
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of Sowan Tuban, East Java. The medium used for microalgae culture is 
seawater obtained from commercial providers. Seawater is filtered with a 
filter membrane, then the salinity is measured at 30-32 ppt (Endrawati et al. 
2013) then added Walne fertilizer. 

 
Determination of starter time and harvest time 
Determination of harvesting time was carried out by making a culture of 500 
ml with 10% by volume of pure microalgae culture. Microalgae cultures B1, 
B2, B3, and S2 were measured every 24 hours until they reached the death 
phase using a UV-Vis spectrophotometer at a wavelength of 680 nm. The 
starter period is a half exponential period of culture. Determination of 
harvest time is done by making growth curves of B1, B2, B3, and S2 
microalgae cultures that were given stress treatment. The salinity treatment 
was carried out by giving NaCl with a concentration of 1 M. Culture growth 
was measured every 24 hours until it reached the death phase using a UV-Vis 
spectrophotometer at a wavelength of 680 nm. The statistical phase is 
defined as the harvest time for the culture. 

 
Quantitative analysis of chlorophyll and carotenoids 
 A total of 4 ml of sample was taken and centrifuged at 3000 rpm for 10 min 
or 4000 rpm for 5 min. The supernatant was removed and the cells were put 
in 4 ml of distilled water to remove the salts in the biomass, then centrifuged. 
Washing in distilled water was carried out twice. The sample was suspended 
in 4 ml of ethanol solvent, then centrifuged for 10 min at a speed of 3000 
rpm (Henriquez et al. 2007). The supernatant was taken to measure its 
absorbance using a spectrophotometer. The absorbance was measured at a 
wavelength (λ) 645 nm for chlorophyll b analysis, (λ) 662 nm for chlorophyll 
an analysis, (λ) 470 nm for carotenoid analysis. The blank used was 96% 
ethanol as a comparison (Pratama & Laily 2015). The amount of pigment is 
calculated based on the Lichtenthaler (1987) formula shown in Table 1. 
(Zawislak & Wierdak 2014). 

 
Table 1. The formula for calculating the concentration of chlorophyll a, chlorophyll 
b, and carotenoids. 

 
 
Quantitative analysis of astaxanthin 
A total of 10 ml of sample was taken and centrifuged at 7000 rpm for 5 min. 
The pellets were taken and then added 5 ml of 5% KOH in 30% methanol at 
a 75°C water bath for 10 min to remove chlorophyll. The remaining pellets 
were added 25 µl of acetic acid at 75°C for 10 min. The pellets were 
extracted using DMSO. At this stage, it is repeated several times until the 
colour sample fades. The pigment is measured using a spectrophotometer 

with a wavelength (λ) = 492 nm ( )=2220 and can be calculated by the 
formula (Li et al. 2019): 

CA (mg.L-1) = (A492 x 1000/  x 100) x Va (mL) /10 (Ml) x f 
CA : Concentration of astaxanthin;  
Va : Volume of extract;       
f : dilution rate           

Ca 11,75 A662  -2,350 A645 

Cb 18,61 A645 – 3,960 A662 

Cx+c 1000 A470 – 2,270 Ca – 81,4 Cb / 227 

Ca = chlorophyll a , Cb = chlorophyll b, Cx+c = total carotenoids 
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Data Analysis 
The DNA sequences resulting from the sequencing were combined between 
reverse and forward primers using BioEdit software. Furthermore, the 
sequences that have been obtained were analyzed using the alignment 
contained in the Nucleotide Basic Local Alignment Search Tool (BLASTn) 
on the NCBI portal. Furthermore, phylogenetic trees were created using 
MEGA 7.0 software (Saputro et al. 2019). Phylogenetic trees were 
constructed using Neighbour-joining with bootstrap 1000 times. Meanwhile, 
quantitative data on chlorophyll, carotenoid, and astaxanthin concentrations 
were presented as the average of three repeated measurements. Data analysis 
was carried out by quantitative descriptive by comparing stress treatment 
with control without stress treatment. 
  
RESULTS AND DISCUSSION 
 
Results 
The results of microalgae isolation from mangrove waters located in Sepulu 
sub-district Bangkalan and northern waters of Sowan Tuban, East Java, 
obtained 4 isolates that can be cultivated as pure culture in liquid media, 
namely isolates B1, B2, B3, and S2. Figure 2 below is the result of 
microscopic observations of the four isolates of microalgae under a 
microscope (Optilab Viewer) and microalgae isolate B1, B2, B3 and S2 in 
liquid culture.  

Figure 2. A). Microalgae cells isolate B1, B). Microalgae cells isolate B2, C). Microalgae cells isolate B3. D). Microalgae 
cells isolate S2, E). Microalgae isolate B1, B2, B3, and S2 in liquid culture. 
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 The molecular identification stage of microalgae isolates using the 18S 
rRNA marker gene began by measuring the purity of the isolated DNA using 
a nanodrop spectrophotometer ND-1000 with a wavelength of 260 nm and 
280 nm. The measurement results show that the purity value is in the range 
1.97-2.13 and the concentration value is in the range of 14-24.3 ng/µL. 
These results indicate that the purity of the DNA sample and the DNA 
concentration have met the requirements as a template in the amplification 
process on the PCR machine (Sambrook et al. 1989). Purity with a value of 
1.8-2.0 is the feasible value of the microalgae genome sample to go to the 
DNA amplification process and electrophoresis stages (Mustafa et al. 2016). 
The value of DNA purity affects the success of amplification because, with a 
good purity value, the DNA bands formed will be clearly visible on 
visualization under UV light. The following is the result of visualization of 
DNA bands on electrophoretic gel under UV light and Table of 
Differentiation rich among the samples and retrieved 18S rRNA (Figure 3).  
 The four isolates that have been identified then tested for the 
concentration of chlorophyll, carotenoid and astaxanthin pigments at salinity 
conditions with a concentration of 1 M NaCl.  Testing the concentration of 
the pigment chlorophyll, carotenoids and astaxanthin can describe 
carotenoids in microalgae cells under stress, where microalgae cells under 
stress will accumulate secondary carotenoids including astaxanthin and 
reduce the concentration of chlorophyll pigments and primary carotenoids. 
(Chen et al. 2017).  
 Based on Figure 5A it can be seen that isolates B1, B2, B3, and S2 
entered an adaptation phase (lag phase) on 1st day, then entered the 
logarithmic phase starting on 1st day to 12th day. The four isolates entered 
different stationary phases wherein isolate B1 and isolate B3 the stationary 
phase started from 12th day to 14th day, while isolates B2 and S2 started from 
12th day to 13th day. The death phase of isolates B1 and B3 started on 14th 
day, while for isolates B2 and S2 the death phase started on 13th day. This is 
in accordance with the results of molecular identification which show that 

Figure 3. A) Visualization of electrophoretic DNA bands under UV light (1 is DNA band of microalgae isolate B1, 2 is 
DNA band of microalgae isolate B2, 3 is DNA band of microalgae isolate B3 and 4 is DNA band of microalgae isolate 
S2); B) The area has shown differentiation rich among the samples and retrieved 18S rRNA. 
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Figure 4. Phylogenetic tree construction based on the 18S-rRNA gene using the Neighbour Joining Tree bootstrap 
1000x method. 

 

Figure 5. A). Growth curves of isolates B1, B2, B3, and S2 under normal conditions; B). Growth curves of isolates B1, 
B2, B3, and S2 under a salinity stress condition of 1 M NaCl 
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isolates B1 and B3 are close relationships with a Chlorella sp., while isolates 
B2 and S2 are close relationships with Picochlorum maculatum (Figure 4). 
 Based on the growth curve, the time to take the starter culture is 
determined on the 6th day, which is half the exponential period of culture. 
Starters are used as seeds for making  cultures for the mass production of 
microalgae (Perumal et al. 2012). While in Figure 4B. shows the OD value of 
the isolates with 1 M of NaCl salinity stress is lower than the OD value of 
the isolates without salinity stress in Figure 5A. Figure 5B shows that the 
harvest time and measurement of chlorophyll, carotenoid, and astaxanthin 
concentrations were carried out in the final exponential phase, namely on 
13th day for isolates B1 and B3 and 10th day for isolates B2 and S2.  
 Table 2 above shows the results of measuring the concentration of 
chlorophyll, carotenoids, and astaxanthin in the four microalgae isolates 
under 1 M NaCl stress. 
 
Discussion 
The electrophoresis results in Figure 3A show that the microalgae DNA 
samples of isolates B1, B2, B3, and S2 can be amplified with the primer pairs 
that have been designed. The size of the DNA amplification results of each 
isolate was in the fragment size range between 1000 bp to 1500 bp. This is in 
accordance with the research of Rismiarti et al. (2016), who received 
electrophoretic fragments at ± 1250 bp in the analysis of the microalgae 
Chlorella vulgaris using the 18S rRNA marker gene. Good amplification results 
are indicated by a thick DNA band and there is little or no smear on the gel 
when visualized in ultraviolet light (Safitri et al. 2018) Phylogenetic tree 
construction was carried out to determine the groups and species 
relationships. The phylogenetic tree was designed using microalgae 18S-
rRNA sequences from GenBank as BLASTn results, which showed that 
isolates B1, B2, B3, and S2 belonged to this group of sequences (in group). 
The phylogenetic tree shows that both isolates B1 and B3 have a very close 
relationship with Chlorella sp. while isolates B2 and S2 have a close 
relationship with Picochlorum maculatum. The genus Chlorella and the genus 
Picochlorum belong to the division Chlorophyta. The genus Chlorella has 
approximately 13 members of the species with a single green cell, spherical in 
shape with a diameter of 2 to 10 m, not flagellated. The chloroplasts contain 
the photosynthetic pigments chlorophyll a and b. In an optimal environment 
for growth, Chlorella will divide rapidly by requiring only carbon dioxide, 

Table 2. Chlorophyll, carotenoid, and astaxanthin concentrations in isolates B1, B2, B3, and S2 under 1 M salinity stress 
conditions. 

Isolates Name Treatment 
Chlorophyll 

Concentration 
(mgL-1) 

Carotenoid 
Concentration 

(mgL-1) 

Astaxanthin 
Concentration 

(mgL-1) 

Isolate B1 
(Chlorella sp.) 

1 M NaCl 18x10-2± 0.5x10-2 30.62x10-3±2.1x10-3 4x10-5±0.9x10-5 

Control 92x10-2± 1.8 x10-2 138.41x10-3±4.3x10-3 40x10-5± 2.3x10-5 

Isolate B2 
(Picochlorum maculatum) 

1 M NaCl 12x10-2±1.96x10-2 33.57x10-3±2.03x10-3 2x10-5±0.2x10-5 

Control 132x10-2±2.9x10-2 366.3x10-3±4.2x10-3 70x10-5±4.3x10-5 

 Isolate B3             
(Chlorella sp.) 

1 M NaCl  28x10-2±1.2x10-2  27.5x10-3±1.6x10-3  1x10-5±0.1x10-5 

Control 85x10-2±1.65x10-2 103.48x10-3±5.2x10-3 20x10-5±1.6x10-5 

 Isolate S2 
(Picochlorum maculatum) 

1 M NaCl 14x10-2±0.4x10-2 14.76x10-3±1.9x10-3 0.6x10-5±0.04x10-5 

Control 279x10-2±3.4x10-2 549.5x10-3±6.9x10-3 140x10-5±5.5x10-5 
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sunlight, water, and minerals (Scheffler 2007). According to Henley et al. 
(2004) members of the genus, Picochlorum is a species of small unicellular 
microalgae measuring 1-3 m, oval in shape, having chlorophyll pigment 
which is surrounded by a cell wall. Members of this genus are isolated from 
marine and estuary ecosystems with different salinity levels. 
 Based on the growth curve in Figure 5A, the time to take the starter 
culture is determined on the 6th day, which is half the exponential period of 
culture, because during the exponential period the cells are still actively 
dividing and can carry out metabolism maximally before entering the 
stationary phase or cell death (Agustini 2012; Widayat 2015). Starters are used 
as seeds for making cultures for the mass production of microalgae (Perumal 
et al. 2012). Figure 5B shows the OD value of the isolates with 1 M of NaCl 
salinity stress is lower than the OD value of the isolates without salinity stress 
in Figure5A. Giving 1 M of NaCl causes the final exponential phase shift to 
enter the stationary phase faster, which means that microalgae cultures enter 
the death phase faster. According to Erlina (2007), changing salt levels in 
water can cause growth barriers for culture. High salinity will result in Na+ 
poisoning. Excessive Na+ ions can inhibit K+ uptake from the environment, 
where K+ ions play a role in maintaining cell turgor and enzyme activity. 
Salinity stress also inhibits the absorption of water and elements through the 
osmosis process. The amount of water that enters the cell is reduced because 
the pressure outside the cell is higher than the pressure inside the cell, this 
situation makes the cell respond by attracting ions. But at the same time, 
water withdrawal from the vacuole continues which results in a reduced 
amount of water supply in the cell and results in cell shrinkage (Arisandi et al. 
2011). 
 In this study, harvest time and measurement of chlorophyll, 
carotenoid, and astaxanthin concentrations were carried out in the final 
exponential phase, namely on 13th day for isolates B1 and B3 and 10th day for 
isolates B2 and S2. At the end of the exponential phase, microalgae 
experience the highest growth peak and cell density so that the biomass 
content in the cells will be higher (Isnansetyo & Kurniastuti 1995; Duong et 
al. 2012). 
 From Table 2, it can be seen that in all isolate cultures the 
concentration of all pigments decreased in the 1 M NaCl salinity treatment 
when compared to the control treatment. This study used  salinity stress of 1 
M NaCl or equal to 83 ‰ NaCl and the treatment without salinity stress 
(control) was equal to 35 ‰ NaCl. The optimum salinity value for producing 
chlorophyll in microalgae is 20 ‰ (Shang et al. 2018) with the ability of 
photosynthesis which can still take place at a salinity of 30 ‰ to produce a 
fairly high cell density (Sedjati et al. 2019). So based on this, it can be said 
that the 1 M NaCl treatment given is too high for microalgae to perform 
photosynthesis well. Too much NaCl treatment can be toxic and result in 
very disturbed cell metabolism. 
 The decrease in photosynthesis due to high salinity treatment will 
result in a decrease in cell density. Photosynthesis is an important process 
that supports plant growth and its efficiency is a factor that determines the 
level of plant resistance to abiotic stress. The efficiency of photosynthesis is 
determined, among others, by photosystems, photosynthetic pigments, 
electron transport systems, gas exchange processes, and enzymes that 
participate in carbon metabolism (Tsai et al. 2019). Research on rice species 
that are sensitive to salinity showed that the salinity treatment resulted in the 
chlorophyll fluorescence parameter decreased significantly when compared 
to salinity tolerant species. When a large number of NaCl molecules enter 
plant cells, the chloroplast and thylakoid membrane systems are damaged and 
affect the photosynthesis process if the salt concentration cannot be 
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regulated to an optimal value (Tsai et al. 2019). In Caryophyllaceae plants 
that experienced a NaCl stress of 0.6% and 0.9%, there was a disturbance in 
chloroplast development (Ma et al. 2017). The salinity in this study was very 
high, so it is likely to cause damage to photosynthetic pigments and cause the 
concentration value to decrease significantly when compared to the 
treatment without salinity stress (control). 
 Pelah et al. (2004) stated that giving salinity stress can increase 
carotenoid production which will also increase the number of secondary 
carotenoid levels, especially astaxanthin. Astaxanthin is an antioxidant that is 
produced as a defense mechanism to survive from the presence of Reactive 
Oxygen Species (ROS). Salinity stress increases the production of ROS 
which can lead to metabolic disorders and cell damage (Moller et al. 2007; 
Jaleel et al. 2009; Miller et al. 2010; Habib et al. 2016; Hossain & Karl 2016). 
Excessive accumulation of ROS will react with suitable targets such as 
nucleic acids, proteins, lipids, and chlorophyll. ROS is a highly reactive form 
of molecular oxygen, including hydroxyl radicals (HO), superoxide (O2

-) 
hydrogen peroxide (H2O2), and singlet oxygen (1O2) (Dowling & Simmons 
2009; Shapiguzov et al. 2012; Saha et al. 2015). During stress, the production 
of ROS will increase due to differences in membrane fluidity which can 
hinder the transfer of electrons to photosystem II (PS II) (Chaves et al. 2009; 
Biswal et al. 2011; Silva et al. 2011; Jajoo 2013; Saha et al. 2015). Excess 
production of ROS when stress occurs in plants must be overcome by plants 
by producing antioxidants. Research by Ma et al. (2017) shows that salicylic 
acid as one of the growth regulators in plants has the effect of relieving poor 
growth and physiological conditions when plants experience salinity stress, 
namely by improving growth, increasing the activity of antioxidant synthesis 
enzymes, improving the development of stomata and chloroplasts. In Table 
2, the carotenoid and astaxanthin concentrations did not increase in the 1 M 
NaCl salinity treatment. This may occur because the concentration of NaCl 
given is very high which results in disruption of the synthesis machinery of 
growth regulators such as salicylic acid so that it is unable to increase the 
activity of the enzyme synthesis of antioxidant pigments including 
carotenoids and astaxanthin. Thus, data collection on the concentration of 
chlorophyll, carotenoids, and astaxanthin in this study could not be used to 
describe the mechanism of carotenogenesis in microalgae cells subjected to 
NaCl concentration of 1 M. However, the results of this study showed that 
all isolates were able to synthesize astaxanthin even in small amounts and 
could be increased by salinity treatment at concentrations lower than 1 M or 
by other stress treatments. This research has supported the exploration of 
Indonesia's local natural resources that have the potential to produce 
astaxanthin. 
 
CONCLUSION 
Exploration of the diversity of microalgae obtained from mangrove waters in 
the area of Sepulu Bangkalan Madura and northern coastal waters of Sowan 
Tuban succeeded in isolating four microalgae isolates and identified 
molecularly with the 18 S rRNA gene marker. Isolates B1 and B3 were close 
to Chlorella vulgaris, isolate B2 had a close relationship with Prasinoderma 
coloniale, and isolate S2 had a close relationship with Picochlorum oklahomense. 
Giving salinity of 1 M NaCl had a bad effect, namely decreased growth and 
decreased levels of chlorophyll, carotenoids, and astaxanthin pigments in the 
culture of all microalgae isolates. 
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