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Abstract 
 

Microalgae have an important role in supporting the 
development of aquaculture because they can be used as 
natural feed. However, its culture requires an expensive cost 
because of the nutrient media. To reduce the cost, the media 
can be replaced by using wastewater from white shrimp 
(Litopenaeus vannamei) culture. This research was aimed to 
find out the performance of microalgae (Nannochloropsis sp., 
Tetraselmis sp. and Dunaliella sp.) cultured on white shrimp 
wastewater. The performance was measured by the growth, 
density, and ability to reduce nitrate and phosphate. The 
experimental design used in this study was a Completely 
Randomized Design with three treatments and three 
replications. The treatments were A (Nannochloropsis sp. 
cultured in white shrimp wastewater), B (Tetraselmis sp. 
cultured in white shrimp wastewater), and C (Dunaliella sp. 
cultured in white shrimp wastewater). The density population 
of Nannochloropsis sp., Tetraselmis sp. and Dunaliella sp. were 
tested by ANOVA. ANOVA was used to assess the density 
population of Nannochloropsis sp., Tetraselmis sp., and 
Dunaliella sp., which was then followed by Duncan's test. The 
results showed that wastewater from white shrimp 
aquaculture could be used as a medium culture for 
Nannochloropsis sp., Tetraselmis sp. and Dunaliella sp. It also 
maintains good water parameter quality in media. 
Nannochloropsis sp. was the microalgae that produced the 
highest density of  34.5 x 104 ind/mL when cultured on 
wastewater from white shrimp culture. Nannochloropsis sp. 
may also reduce nitrate and phosphate content by up to 76 
and 61.37 percent, respectively. 

 
 

INTRODUCTION 
Microalgae play an important role in 

supporting the development of 
aquaculture. That is because microalgae 

can be used as natural feed for larvae due 
to their high nutrient. Microalgae have 
protein and fat values reaching 71% and 
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77% (Barkia et al., 2019). Microalgae also 
contain bioactive compounds, minerals, 
vitamins, sterols, essential amino acids, as 
well as pigments (chlorophyll, 
carotenoids, and phycobiliprotein) (Yadav 
et al., 2020). In addition to the high 
nutritional, the use of microalgae as a feed 
meets the criteria, such as easy to obtain, 
economical value, and non-toxic (Daniel et 
al., 2016; Han et al., 2019). Therefore, 
much research and application are related 
to microalgae culture to support the 
development of aquaculture. 

Microalgae culture is applied by 
using synthesis fertilizers such as Walne 
and Conway.  Unfortunately, the use of 
such fertilizers requires quite high fees and 
limited availability (Indriana et al., 2020). 
Walne also contains boron which can 
cause the loss of pigment (Boroh et al., 
2019). Therefore, there needs to be a 
culture media other than Walne and 
Conway as an alternative to reduce costs 
in the production of microalgae. 

One alternative that can be done in 
microalgae culture activity is by using the 
wastewater white shrimp (Litopenaeus 
vannamei). In the cultivation of white 
shrimp, about 25-30% nitrogen and 
phosphorus in the feed is utilized by 
shrimp, and the rest is wasted in the water 
as organic material (Syah et al., 2014). 
Apart from the uneaten feed, organic 
material in shrimp ponds is also caused by 
feces that settles at the bottom (Manan et 
al., 2017). Such organic material rot will 
accumulate at the base of the water and 
affect the quality of the aquatic 
environment so that the water change is 
needed in the pond (Chen et al., 2018). 
The process of changing the water in the 
pond is done by disposal through the top 
of the pond, the result is also called the 
wastewater shrimp (Harianja et al., 2018). 
Water change activities in the pond impact 
the environment and ecosystem 
surrounding the form of organic material 
content, so that management is needed to 
keep the cultivation activities ongoing and 
sustainable (Saiya and Katoppo, 2015). 

The utilization of wastewater from 
white shrimp culture that is rich in 

nutrients becomes one of the alternatives 
as a culture media of microalgae and 
wastewater management. Nitrates (N) 
and phosphate (P) are nutrients that are 
widely contained in the wastewater from 
white shrimp culture, where the 
production is influenced by the artificial 
feed given during culture activity (Agis 
and Wahyu, 2015).  

The percentage of N and P released 
into the environment per ton of fish in the 
intensive aquaculture system ranged from 
81.5% and 85.7% and which stored as 
biomass fish only ranged from 18.5% and 
14.3% (Islam, 2005). Microalgae require 
nitrogen and phosphate to grow (Amini et 
al., 2019). Previous research has 
demonstrated the effect of wastewater on 
microalgae growth. Tangguda and 
Prasetia (2017) stated that the influence 
of wastewater from shrimp ponds 
produced cell density of Chlorella sp. as 
much as 86,750 cells/mL. Microalgae that 
grow in the wastewater of shrimp culture 
is not only increasing the biomass but also 
plays an important role in the 
decomposition of aquaculture waste 
thereby lowering the burden of 
contamination (Zheng et al., 2017). This 
study aimed to determine the performance 
of microalgae (Nannochloropsis sp., 
Tetraselmis sp. and Dunaliella sp.) on 
wastewater from white shrimp culture. 
The performance was not only about the 
microalgae density, but also the influence 
of microalgae on water quality 
parameters, especially nitrates and 
phosphate in the water. 

 
METHODOLOGY 
Place and Time 
 The study was conducted in April-
May 2019 in Fisheries Laboratory, 
Department of Fisheries and Marine, 
Faculty of Agriculture, University of 
Lampung. 
 
Research Materials 
 Nannochloropsis sp. and Tetraselmis 
sp., were obtained from the Balai Besar 
Perikanan Budidaya Laut (BBPBL) 
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Lampung while Dunaliella sp. was 
received from the Marine Fisheries Center 
or Balai Besar Perikanan Budidaya Air 
Payau (BBPBAP) Jepara. Wastewater in 
this study is used from the white shrimp 
pond in Lemong district, West Coast 
District, Lampung. 
 
Research Design 
 The experimental study used in this 
study was Complete Random Design. The 
treatment used in this study was treatment 
A (Nannochloropsis sp. cultured in white 
shrimp wastewater), B (Tetraselmis sp. 
cultured in white shrimp wastewater), and 
C (Dunaliella sp. cultured in white shrimp 
wastewater). The treatments in this study 
consisted of three replications. 
 
Work Procedure 
Microalgae Inoculant Preparation 
 Nannochloropsis sp., Tetraselmis sp. 
and Dunaliella sp. Preparation was started 
by preparing a 3 L glass jar for each and 
filled with 2 L of seawater. The 2 mL of 
Conway fertilizer was added for 
Nannochloropsis sp. and Tetraselmis sp. 
while 2 mL of Walne was added for 
Dunaliella sp. The use of different 
nutrients was expected to get optimum 
results for algae culture. Then the 200-400 
mL inoculant was added (10-20% of the 
volume of water) and added aeration, 
closed, and cultured for 5 days so that the 
microalgae were ready to be used. 
 
Media Preparation 
 The media preparation was done 
according to the previous study (Utomo et 
al., 2005). Microalgae culture container 
with a volume of 500 mL filled with 
wastewater from white shrimp culture in 
Lemong district, West Coast District, 
Lampung that had been sterilized. 
Containers were installed with TL lamp 36 
watts with an average intensity of 3500 
lux, as a light source during microalgae 
culture. Culture media were aerated and 
added with Nannochloropsis sp., 
Tetraselmis sp. and Dunaliella sp. from the 

inoculant preparation process with a 
density of 104 individual/mL. 
 
Microalgae Density Calculation 
 The main parameter in the study 
was the population growth and density of 
microalgae (Tetraselmis sp., 
Nannochloropsis sp. and Dunaliella sp.). 
Density calculation was conducted by 
using a Neubauer Chamber. Calculation of 
microalgae density was carried out after 
24 hours of initial dispersion every day for 
15 days. The calculation was done three 
times in one day at 08.00 am by setting 1 
mL of the sample on the part of the 
Neubauer Chamber to the full trench after 
it was observed under the binocular 
microscope with a magnification of 10x 
and calculated by the formula (Boroh et 
al., 2019): 
k	 = n × p × 2500 
Where: 
k = cell density (individuals/mL) 
n = total cell numbers 
p = dilution level 
2500 = counting chamber 
 
Water Quality Measurement 
 Measurement of nitrate levels was 
carried out using the method of testing 
nitrate levels in water using a brucine 
sulfate spectrophotometer (SNI 06-2480-
1991) (Nandiyanto and Haristiani, 2017). 
This method was used to determine the 
number of nitrate levels by brucine sulfate 
using a spectrophotometer at a 
wavelength of 410 nm. Nitrate analysis 
was performed at baseline and end 
throughout the study. Measurement of 
phosphate levels was carried out using the 
method of how to test for phosphate levels 
using a spectrophotometer using ascorbic 
acid (SNI 06-6989.31-2005) (Dewi et al., 
2019).  
 This method was used to determine 
the number of phosphate levels by 
ascorbic acid by using a 
spectrophotometer at a wavelength of 880 
nm. Phosphate and nitrate analyses were 
carried out at baseline and end during the 
study. Other water quality parameters 
observed were pH, salinity, temperature, 
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and light intensity which were measured 
every 24 hours according to previous 
research (Sulistiowati et al., 2016). 
 
Data Analysis 
 The peak density data of microalgae 
were tested for normality and 
homogeneity with a time of 1-day retrieval 
for 15 days. If the data was significant (> 
0.05), ANOVA (Analysis of Variance) 
would be conducted at a 95% confidence 
level. Once the data was significant, it was 
followed by a double comparative test of 
Duncan (Dunn's Multiple Range Test) with 
a confidence rate of 95% to determine the 

significant difference between treatments. 
Water quality data was analyzed 
descriptively and presented in a table 
form. 
 
RESULTS AND DISCUSSION 
Microalgae Performance 
 Microalgae performance could be 
seen from the population growth and 
density value of each microalga 
(Nannochloropsis sp., Tetraselmis sp. and 
Dunaliella sp. using wastewater from 
white shrimp culture as a culture medium. 
The population growth value for 15 days 
showed in Figure 1. 

 

 
Figure 1. Daily population growth of microalgae (Nannochloropsis sp., Tetraselmis sp. and 
  Dunaliella sp.) during the 15 days of the study. 
 
 Population growth in treatment A 
underwent an adaptation phase on day 0 
to day 4 with a density of 15.23 x 104 
ind/mL while the exponential phase 
occurred on day 5 to day 7 with a density 
of 34.5 x 104 ind/mL. The stationary phase 
occurred on the 8th day with a density of 
26.06 x 104 ind/mL and the death phase 
decreased the growth rate of 
Nannochloropsis sp. on day 9 to day 15 
with a density of 9 x 104 ind/mL. 
 The growth of the microalgae 
population in treatment B underwent an 
adaptation phase on day 0 to day 3 with a 
density of 10.58 x 104 ind/mL. The 
exponential phase occurred from day 4 to 
day 7 at 24.01 x 104 ind/mL. Then the 
stationary phase occurred on the 8th day 

of 21.96 x 104 ind/mL and the death phase 
occurred on the 11th day to the 15th day 
with a density of 8.33 x 104 ind/mL. 
 The growth of the microalgae 
population in treatment C underwent an 
adaptation phase on day 0 to day 2 with a 
density of 6.48 x 104 ind/mL while the 
exponential phase occurred on day 3 to 
day 8 with a density of 18.24 x 104 
ind/mL. Then the stationary phase 
occurred on the 9th day at 17.6 x 104 
ind/mL and the death phase occurred on 
the 10th to 15th day with a density of 2.21 
x 104 ind/mL. The density of 
Nannochloropsis sp., Tetraselmis sp. and 
Dunaliella sp. at the peak phase was 
presented in Figure 2. 
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Figure 2. Population density of the microalgae at the peak phase. Different superscripts 

showed significant differences. 
 
 The population of Nannochloropsis 
sp. showed the highest density than 
others. The peak phase of its population 
generated a density of 34.5 x 104 ind/mL 
while on Tetraselmis sp. and Dunaliella sp. 
produced a density of 24.01 x 104 ind/mL 
and 18.24 x 104 ind/mL. The results of this 
research indicated that all microalgae 
could be cultured by using wastewater of 
white shrimp culture by research 
(Tangguda and Prasetia, 2017). This was 
because microalgae could absorb 
inorganic materials in wastewater 
aquaculture and used them to grow 
(Ansari et al., 2017) 
 Based on peak growth and density, 
Nannochloropsis sp. showed the best 
performance. According to Diharmi 
(2001), Nannochloropsis sp. was one of the 
most efficient algae in utilizing light and 
oxygen energy for the photosynthesis 
process, where the microalgae were able 
to breed using only sunlight, oxygen, and 
seawater. The cell size of microalgae also 
affected the absorption of nutrients that 
existed in the culture media. 
Nannochloropsis sp. had a diameter size of 
2-4 μm, while Tetraselmis sp. was 7-12 μm 
and Dunaliella sp. was1-15 μm (Ben-
Amotz et al., 2009).  
 A previous study indicated that 
larger size would compete intensely than 
smaller size (Ciotti et al., 2002). Each 
microalgae cell had a different nutrient 

absorption force, depending on the 
functional group content of the cell wall 
and the ion exchange occurring on its cell 
surface. Also, the cell surface area of each 
microalgae type affected the absorption 
rate of nutrients (Fachrullah, 2011). 
Nannochloropsis’s cell wall contains 
algaenans which was expected to block 
enzyme access (Scholz et al., 2014). 
Tetraselmis’ cell wall was known as theca 
which contained Kdo, 50MeKdo, DHA, 
galacturonic acid, galactose, gulose, and 
arabinose (Becker et al., 2002). Dunaliella 
was lack of cell wall due to inhibition of 
dichlobenil (Felix et al., 1988).  
 The lowest microalgae density 
occurred in the culture of Dunaliella sp. 
The smaller the size of the cell, the larger 
the surface area so that the nutrient entry 
into the cell tissue was faster (Musa et al., 
2013). Therefore, the abundance of 
microalgae cells among the treatment of 
one of them depended on the ability of 
microalgae in absorbing nutrients 
contained in the maintenance media. 
 
Water Quality Parameter 
 Nitrate and phosphate parameters 
were measured at the start and end of the 
study. The results of measurements of 
nitrate and phosphate levels were 
presented in Table 1.
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Table 1.  Nitrate and phosphate content during the study. 

Treatment 
Nitrate (NO3) 

(mg/L) Reduction 
(%) 

Phosphate 
(PO4) (mg/L) Reduction 

(%) 
N:P 

Initial Final Initial Final Initial Final 
A 5.59 1.31 76,5 6.55 2.53 61.37 1:1.2 1:1.9 
B 5.19 8.69 -67,4 6.53 3.35 51.30 1:1.3 1:2.6 
C 5.45 2.54 53.40 6.52 3.07 48.77 1:1.2 1:1.2 

 
 Total nitrate (NO3) results showed 
that treatment A decreased by 4.28 mg/L 
with a decreasing percentage of 76.56%. 
In treatment B, there was an increase of 
3.5 mg/L with a percentage of an increase 
of 67.53% and in treatment C there was a 
decrease of 2.54 mg/L with a percentage 
of a decrease of 53.40%. The phosphate 
value (PO4) results showed that treatment 
A decreased by 4.02 mg/L with a 
decreasing percentage of 61.37%. In 
treatment, B decreased by 3.45 mg/L with 
a decreasing percentage of 51.30%, and in 
treatment C, decreased by 3.18 mg/L with 
a percentage decrease of 48.77%. 
 Nannochloropsis sp. and Dunaliella 
sp. could decrease nitrate levels at the end 
of the study. The reduction in nitrate levels 
was due to microalgae consuming N as its 
growth nutrient, where nitrate played a 
role in the process of forming amino acids, 
fats, and vegetative cells. Otherwise 

Tetraselmis sp. increased the nitrate levels 
at the end of the study. It was occurred 
probably due to the Tetraselmis sp. could 
not utilize the nutrients contained in 
wastewater from white shrimp culture. 
According to the previous study (Hastuti, 
2001), the higher the dose of waste 
content, the lower the effectiveness of 
nutrient utilization by microalgae. 
According to Han et al. (2019), another 
factor that caused a higher nitrate content 
was probably due to the high density of 
microalgae in treatment B so that at the 
end of the study the microalgae 
experienced death and then decomposed 
into nitrates. 
 The important factor that influenced 
the growth of microalgae during culture 
was water quality. The following results of 
water quality measurements during the 
study can be seen in Table 2. 

 
Table 2. Water quality parameters during the study. 

Parameter Treatment Optimum A B C 
Temperature (oC) 23-25 23-25 23-25 23-25(1) and 21-30(2) 

pH 8,5-8,9 8,6-8,9 8,2-8,6 8-9,5(3) 
Salinity (ppt) 25-30 25-32 25-35 25-35(3) and 20-35(4) 
Light intensity 

(lux) 2427-4240 2240-4503 2443-4190 1000-10000(5) and 2000-
8000(6) 

Source :1. Fachrullah (2011) (optimum temperature  for Nannochloropsis sp. and Tetraselmis sp.) 
 2. Yudha (2008) (optimum temperature for Dunaliella sp.) 
 3. Barsanti and Gualtieri (2005)  
 4. Chen et al. (2011) (optimum salinity fro Dunaliella sp.) 
 5. Balai Budidaya Laut (2002) (optimum light intensity for Nannochloropsis sp. and 

Tetraselmis sp.) 
 6. Rostini (2007) (optimum light intensity for Dunaliella sp.) 
 
 The results of Nannochloropsis sp. 
during the study were 23-25oC, pH of 8.5-
8.9, salinity ranging from 25-30 ppt, and 
light intensity of 2427-4240 lux. The 
results of Tetraselmis sp. during the study 

were 23-25oC, pH of 8.6-8.9, salinity 
ranging from 25-32 ppt, and light intensity 
of 2240-4503 lux. The results of Dunaliella 
sp. during the study were 23-25oC, pH of 
8.2-8.6, salinity ranging from 25-35 ppt, 
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and light intensity of 2443-4190 lux. 
These results indicated that all microalgae 
in this study could maintain water quality 
according to optimum standards. 
 
CONCLUSION 

Wastewater from white shrimp 
aquaculture could be utilized as media 
culture for microalgae Nannochloropsis 
sp., Tetraselmis sp. and Dunaliella sp. 
Nannochloropsis sp. showed the best 
performance because it was able to 
produce the highest density and mostly 
reduce the content of nitrates and 
phosphate in the culture media. 
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