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Introduction

Photosynthetic microorganisms are one of the most

Abstract: Arthrospira platensis culture requires macro and micronutrients. The nutrients
needed by Arthrospira platensis according to Agustina and Herman (2021) are
macronutrients consisting of nitrogen (N), phosphorus (P), potassium (K), sulfur (S), iron
(Fe), magnesium (Mg), silicon (Si), and calcium (Ca). Micronutrients consist of zinc (Zn),
cobalt (Co), molybdenum (Mo), boron (B), and copper (Cu). Rice-washing wastewater
contains macro and micronutrients needed for the growth of Arthrospira platensis. Almost
all of the nutrients needed by Arthrospira platensis are found in the wastewater, except for
Co. Previous studies have shown that rice-washing wastewater can be used for Arthrospira
platensis culture, but the growth rate is still higher than Walne fertilizer 0.5 ml/L. Zarrouk
fertilizer as a standard growth medium for Arthrospira platensis shows that this fertilizer has
better growth results than Urea and NPK fertilizers. This research was conducted to
determine the effect of rice-washing wastewater as a nutrient source for culture media or a
combination of Zarrouk fertilizer and rice-washing wastewater so that it can be used to
increase the biomass and carotenoid pigments of Arthrospira platensis. This research used a
Factorial Completely Randomized Design (CRD) with 12 treatments and 3 replications.
Arthrospira platensis quality test was carried out by testing dry biomass and carotenoid
content. The ANOVA test results showed that this study's treatment had a significant effect
on the carotenoid content and biomass of Arthrospira platensis. The treatment with the
highest effect of biomass and carotenoids was obtained in the treatment of 1.5 ml/L of rice-
washing wastewater.

Keywords: Arthrospira platensis; Biomass; Carotenoids; Culture Media; Rice Washing;
Wastewater.

green color of this organism is caused by the presence of
several photosynthetic pigments such as chlorophyll,
carotenoids,  phycocyanin, and  phycoerythrin.

promising sources of energy because they are renewable
and CO2-neutral. Species belonging to the genus
Arthrospira, are photosynthetic microorganisms that are
in great demand commercially (Salunke et al., 2021).
Arthrospira platensis is multicellular, filamentous blue-
green algae that have many uses in the health care and
food fields as a protein and vitamin supplement. This is
because Arthrospira contains very high amounts of
micro and macronutrients (Soni et al., 2019). The blue-
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Phycocyanin is responsible for the blue color of
organisms (Sow and Ranjan, 2021). Arthrospira platensis
culture requires macro and micronutrients. The
nutrients needed by Arthrospira platensis according to
Agustina and Herman (2016) are macronutrients
consisting of nitrogen (N), phosphorus (P), potassium
(K), sulfur (S), iron (Fe), magnesium (Mg), silicon (Si),
and calcium (Ca). Micronutrients consist of zinc (Zn),
cobalt (Co), molybdenum (Mo), boron (B), and copper
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(Cu).

Rice-washing wastewater contains macro and
micronutrients needed for the growth of Arthrospira
platensis. Almost all of the nutrients needed by
Arthrospira platensis are found in the wastewater, except
for Co. Research by Utomo et al., (2020) who used rice-
washing wastewater as a source of nutrients in
Arthrospira sp. culture media. showed that the 1 ml/L
treatment produced the highest specific growth rate, but
it was higher when compared to the positive control
treatment, namely 0.5 ml/L Walne fertilizer. Arthrospira
platensis cultures generally use Zarrouk fertilizer as a
standard microalgae growth medium, but as knowledge
develops regarding nutrient content in wastewater,
many studies have examined the growth of Arthrospira
platensis in wastewater media. Research Mulokozi et al.,
(2019) who compared the growth of Arthrospira in
Zarrouk, Urea, and NPK media showed that the
medium that gave the best results for Arthrospira growth
was Zarrouk's media. This is because Zarrouk has
completed and more balanced macro and
microelements. In addition, the carbon, nitrogen, and
protein content in Arthrospira platensis decreased in the
Zarrouk and Urea combination media (Al Mahrougqi et
al., 2022).

The use of washed rice water should be encouraged
as the practice is part of better water management.
Global demand for fresh water in 2025 is projected to
increase by 55% (Park, 2013). The increase is due to
climate change and an increase in world population,
which prompted the United Nations to advocate for
more effective water management (Paquin and
Cosgrove, 2016), where wastewater is used and reused
or recycled for other purposes, rather than being thrown
away (Nabayi et al., 2022). The utilization of rice
washing wastewater can be proven through research.
This study was conducted to analyze the effect of rice-
washing wastewater as a source of nutrients for culture
media or a combination of Zarrouk fertilizer and rice-
washing wastewater so that it can be used to increase the
biomass, protein, and carotenoid pigments of Arthrospira
platensis.

Method

Location and Time of Research

The research was conducted at the Faculty of
Fisheries and Marine Sciences, Universitas Brawijaya in
August 2022. Test analysis was carried out at the
Hydrobiology Laboratory of the Division of Aquatic
Environment, Universitas Brawijaya. Sterilization of
tools and materials is carried out in the Laboratory of
Aquaculture, Division of Fish Disease and Health,
Universitas Brawijaya.
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Figure 1. Research flow

Research design

The study had a factorial complete randomized
design (CRD) with 12 treatments and 3 replications. The
first factor consisted of rice washing wastewater
treatment with 4 types of treatment namely B0, B1, B2,
and B3. The treatments were control treatments
respectively, 0.5 ml/L, 1 ml/L, and 1.5 ml/L. The
second factor was Zarrouk fertilizer with 3 types of
treatment, namely DO, D1, and D2. The treatments were
control treatment, 0.5 ml/L, and 1 ml/L respectively.
Rice washing water was obtained according to the
method of Utomo et al. (2020), rice is washed with water
in the amount of 1:1 the amount of water and rice used.
Rice washing is done by squeezing five times. Fish
culture wastewater and rice washing waste were
filtered using a 100-micron mesh size plankton net filter
cloth and autoclaved at 1210C for 20 minutes (Guldhe
et al., 2017). The rice-washing wastewater used had
nitrate, phosphate, and potassium content of 4.574,
0.798, and 2.339 mg/ L respectively.

Cell growth analysis

The density of Arthrospira platensis was calculated
using the cell concentration calculation method. The
number of Arthrospira platensis cell units is calculated
based on the filaments that are twisted to form a spiral
(helix), where one Arthrospira cell unit is one
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wavelength consisting of one valley and one hill
(Buwono and Nurhasanah, 2018). The tools used were
Haemocytometer 0.1 mm and a microscope. The specific
growth rate is calculated using the formula according to
Makkasau et al., (2011).

Biomass Analysis
The Arthrospira biomass test was carried out
according to the method of Janssen et al., (1999).

Protein Analysis

The protein assay method was carried out using the
Lowry method with a reagent that detects phenolic
groups such as the Folin-Ciocalteu reagent which has
been used in determining protein concentrations by
Lowry (1951).

Carotenoid Pigment Analysis
The test for carotenoid pigment content was carried
out according to the Vo and Tran method (2014).

Data analysis

Data analysis was carried out by ANOVA test and
Least Significant Difference (LSD) using the Microsoft
Excel version 2013 application.

Result and Discussion

Cell Growth

The growth phase of Arthrospira platensis cells was
observed within 8 days. The adaptation phase of cell
growth in this study occurred on the first and second
days of culture. The adaptation phase of Arthrospira
platensis cells varies. This is caused by the number of
nutrients in different media. Arthrospira platensis cells
entered the log or exponential phase on the third to the
6th day of culture. This is following the research of
Hartami et al., (2022). According to Mauretsa et al. (2019),
sufficient nutrients can facilitate Arthrospira platensis in
breeding to achieve maximum growth. The highest
growth of Arthrospira platensis cells was obtained on the
seventh day of culture.
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Figure 2. The growth phase of Arthrospira platensis cells in rice
washing wastewater (RWW) and zarrouk (Z) media.
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Arthrospira platensis cells in the study of Hartami et
al.,, (2022) underwent a stationary phase on the seventh
day, marked by the density of Arthrospira platensis
reaching the peak population. Arthrospira platensis cell
growth decreases or cells die when the nutrients in the
culture media are insulfficient for cell growth (Mauretsa
et al., 2019). The cell death phase of Arthrospira platensis
in this study occurred on the eighth day of culture. The
time required for the growth of microalgae cells can be
determined by the specific growth rate, where the higher
the growth rate, the faster the microalgae will grow.
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Figure 3. Specific growth rate data (Day-!) of Arthrospira
platensis during the culture period.

The specific growth rate of Arthrospira platensis
culture with rice washing wastewater as the main
nutrient showed that the highest value was obtained at
0.550 Day-1 in the B3D0 treatment, namely the treatment
of rice washing wastewater at 1.5 ml/L. The LSD test on
the specific growth rate in Appendix 6 also shows that
the treatment has a significant effect. The growth of
Arthrospira platensis is influenced by the concentration of
nutrients in the culture medium. Nutrient
concentrations that are unbalanced or suitable can cause
non-optimal growth (Mousavi et al., 2022). The elements
that limit the growth of microalgae are nitrogen,
especially in the form of nitrate and anomia, and
phosphorus in the form of phosphate Nogueira et al.
(2018), where these elements are present in the culture
media. This study showed that the specific growth rate
of Arthrospira platensis increased with the addition of
nutrient sources up to a certain limit.

Biomass
Biomass measurements were carried out on the
7th day, when cell growth reached its peak. The results
of the Anova test on Arthrospira platensis biomass data
showed that the treatment in this study was significantly
different from the results of F-count>f-table 5%. The
results of the LSD test on the biomass data can be seen
in Figure 1. The notation in the figure shows the order of
834
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the biomass obtained from the smallest to the largest.
Biomass data showed that the treatment with the highest
yield of dry biomass and significantly different was
obtained in the B3D0 treatment, namely 1.5 ml/L of
wastewater.
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Figure 4. Data on dry biomass measurements (mg/L) of
Arthrospira platensis.

The decrease in the biomass value of Arthrospira
platensis can occur due to the high nitrogen content in the
media (Kaewdam et al., 2019). Besides nitrogen, the
availability of phosphate also affects the biomass of
Arthrospira platensis. Research by Markou et al., (2021)
shows that increasing the concentration of phosphate in
the culture media can increase biomass production.
Research by Chu et al., (2022) showed that in the nitrate
treatment without the addition of phosphate, a
phosphate deficiency occurred which caused inhibition
of nitrogen adsorption. This has an impact on the yield
of biomass culture that is not optimal.

Protein

The microalgae protein test sample was taken
during the peak growth phase of Arthrospira platensis.
The protein test results showed that the highest protein
content was obtained in the treatment of 1.5 ml/L of rice-
washing wastewater. The LSD test showed that the
treatment had a significant effect on Arthrospira
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Figure 5. Data of protein test result (%) Arthrospira platensis.
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The protein content of Arthrospira platensis increases
with increasing treatment. This is due to an increase in
nutrients in the culture media. According to the
statement of Kaewdam et al,, (2019), an increase in
protein biosynthesis occurs due to an increase in the
nutrient nitrate, where nitrate is needed for the synthesis
of amino acids used to produce protein. In addition, the
increase in phosphate can also affect the protein content
in Arthrospira platensis. The results of Gopi's research
(2021) show that the initial conditions of media with
limited phosphate content can cause a decrease in
protein content.

Carotenoid
Analysis of the carotenoid pigment content test was
carried out on the 7th day.
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Figure 6. Data on carotenoid test result (mg/L) of Arthrospira
platensis.

LSD test results on Arthrospira platensis carotenoid
pigment data showed that the highest content was
obtained in the B3D0 treatment, namely 1.5 ml/L
wastewater. The content of carotenoids in Arthrospira
platensis is influenced by the concentration of nitrate in
the culture medium. The research of El Baky et al., (2020)
showed that in general the total carotenoids of
Arthrospira platensis are directly proportional to the
concentration of nitrate in the culture media, but
conditions of culture media that have limited nitrates
can produce higher carotenoids than media conditions
with optimal nitrates. This can happen because the
process of photosynthesis can continue and the resulting
compounds such as carbohydrates can be obtained even
in cultures with limited nitrates. High availability of
nutrients does not guarantee high carotenoid content.
This is in accordance with the research of Prabhath et al.,
(2022) which showed that the high carbon content in the
culture media led to low carotenoid content.

Conclusion

Rice washing wastewater can be used as a source of
nutrients in Arthrospira platensis culture media to
increase the biomass and carotenoid pigments of the
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microalgae. The best test results for biomass, protein,
and carotenoids in this study were obtained in the 1.5
ml/L rice washing wastewater treatment.
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