Asian ] Agric & Biol. 2022(3).
DOI: 10.35495/ajab.2021.05.220
A] A B Original Article

Growth and biochemical composition of Spirulina platensis dry biomass in
diluted monosodium glutamate waste waters

Wardah Wardah?, Finalah NurhayatiZ, Mery Maria MagdalenaZ, Nur Fazilah?, Tatang Sopandi?*

!Study Program of Agroindustry, Faculty of Vocational, University of 17 Agustus 1945 Surabaya. JI. Semolowaru 45,
Surabaya, East Java, Indonesia

“Study Program of Biology, Faculty of Science and Technology, University of PGRI Adi Buana, Surabaya. JI. Dukuh
Menanggal X1, 60234, Surabaya, East Java, Indonesia

Received:

May 23, 2021 Abstract

Qgizﬁiir o1 2091 The use of low-cost culture media is important for the development of large-scale
onine First_' Splrullna platens_ls production. This study aims to investigate the effec_ts of using
January 02, 2022 diluted monosodium glutamate wastewater (MSGW) as a culture medium on the
Published: growth and biochemical composition of S. platensis dry biomass. Nitrogen and
June 06, 2022 phosphorus uptake by S. platensis from MSGW media was also investigated in this

study. Four concentrations of MSGW have been used in this study, namely 1.5, 2.5,
3.5 and 4.5 mL/L and Walne medium was used as a control. All media were adjusted
at pH 9 and S. platensis culture was carried out for 14 day at 36.0°C, 77% relative
humidity, 5000 lux light intensity and aeration rate at 0.7 L/min. The results of this
study have indicated that the growth, protein, lipids, carbohydrates and chlorophyll of
S. platensis biomass at 2.5 mL/L MSGW concentrations were not significantly
different from Walne medium, but were significantly different from 1.5, 3.5 and 4.5
mL/L MSGW concentrations. The present study have also shown those nitrogen and
phosphorus uptakes by S. platensis from 2.5 mL/L MSGW concentration was not
significantly different from Walne medium, but were significantly different from 1.5,
3.5 and 4.5 mL/L MSGW concentrations. The present study concluded that S.
platensis can be cultivated in MSGW as a medium with an optimum concentration of
2.5 mL/L. This finding will serve as a basic reference for future studies to utilize
MSGW for microalgae culture media.
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Introduction in 2050 requires an enlargement in food production
of about 70% (Food and Agriculture Organization,
An increase in the human population to 9.1 billion 2009). Limitations and changes in the function of
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agricultural land is a challenge to achieve increased
food production. Microalgae is currently being
promoted as a new food source rich in vitamins,
minerals, proteins, polyunsaturated fatty acids and
antioxidants (Pareek, 2016). Microalgae also have
advantages in terms of production efficiency
compared with other protein sources such as
mammals; it can consume light energy and inorganic
nutrients to produce nutrient-rich biomass such as
lipids, carbohydrates, proteins and pigments (Markou
and Nerantzis, 2013).

Spirulina is an important and popular microalgae for
cultivation. The commercial production
of Spirulina continues to increase in worldwide for
use in human food supplements, animal feed and
pharmaceuticals (Madkour et al., 2012). Spirulina
platensis is the most widely cultivated species and is
widely available in the world (Delrue et al., 2017). S.
platensis is also used as raw material for various
products such as biodiesel (Rahman et al., 2017),
functional food (Fithriani and Sinurat, 2019),
cosmetics and thalassotherapy (Mourelle et al.,
2017).

S. platensis can be cultivated, harvested and
processed easily and has very high macro and
micronutrient reserves (Habib et al., 2008). However,
to increase the efficiency and profitability of S.
platensis cultivation, it is necessary to reduce
production costs. The cost of media is considered the
second major factor that influences the cost of S.
platensis production after labor (Vonshak, 1997). S.
platensis can directly utilize mineral elements for its
growth; therefore the composition and biomass
productivity are highly dependent on the availability
of nutrients in the culture medium especially nitrogen
and phosphate (Delrue et al., 2017). Zarrouk and
Walne media have successfully served as the
standard medium for S. platensis culture for many
years including in Indonesia. Nevertheless, both
Zarrouk and Walne media are relatively expensive
with limited availability for S. platensis farmers in
Indonesia, which has an impact on the development
of the S. platensis culture industry. Therefore, it is
necessary to find a source of alternative nutrition
media that is cheap and easy to obtain for S. plantesis
cultivation such as from agricultural and industrial
waste. From livestock waste such as goat manure
(Sopandi et al., 2020) and quail manure (Samudera
and Sopandi, 2020) with concentrations of 75 and
100 g/L respectively, it is known that it can be used
as a culture medium for S. platensis to replace
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Zarrouk medium.

Several wastewaters are recognize as potential
nutrient sources for microalgae and S. platensis
culture, as well as municipal, industrial and agro-
industrial wastewaters (Cai et al., 2013). Utilization
of the monosodium glutamate wastewaters (MSGW)
factory is one alternative to overcome the
limitations of S. platensis culture media. Production
of monosodium glutamate (MSG) in Indonesia
reaches 515,600 tons per year (Citra Cendikia
Indonesia, 2021). MSGW production data in
Indonesia is not available in various publications,
but is estimated to be quite abundant at low prices.
For example, two MSG companies, namely PT
Indomiwon Citra Inti and PT Ve Wong Budi
Indonesia, each produce MSGW of around 250,000—
300,000 L/day and 100,000-200,000 L/day at a
selling price of 0.0043-0.0071/L US dollar
(Soelaeman et al., 2004).

MSGW has been reported to be used as fertilizer for
corn (Singh et al., 2011) and lettuce crops (Haghighi
et al., 2015). It was also reported that addition of
monosodium glutamate powder to the culture
medium can accelerate the growth of Spirulina
(Prabha et al., 2016). Hence, this study aims to
investigate the effects of using diluted MSGW as a
culture medium on the growth and biochemical
composition of S. platensis dry biomass. Nitrogen
and phosphorus uptake by S. platensis from MSGW
media were also investigated in this study.

Material and Methods

Experimental design

This study was conducted using a completely
randomized experimental design with 5 treatments of
MSGW concentration in S. platensis culture medium.
The treatments consisting of 0, 1.5, 2.5, 3.5 and 4.5
mL/L of MSGW in distilled water were replicated 5
times. As a control (0 mL/L MSGW), Walne medium
was used.

Culture of Spirulina platensis

Monosodium glutamate wastewater (MSGW) has
been obtained from PT. Miwon, Mojokerto,
Indonesia, a food-flavoring monosodium glutamate
(MSG) factory. In this study, S. platensis was
cultured in distilled water containing various
concentrations of MSGW and Walne medium was
used as a control. A total of 5 L of distilled water was
divided into 4 parts of 1.25 mL each, then added
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1.875, 3.125, 4.375 and 5.625 mL of MSGW in each
part to obtain concentrations of 1.5, 2.5, 3.5 and 4.5
mL/L MSGW in in S. platensis culture medium.
Then to each concentration of MSGW was added
0.2% sodium chloride (NaCl) until salinity 15%,
gradually added sodium bicarbonate (NaHCO3) to pH
9 and 0.5 g of cyanocobalamin. After homogenizing,
from each concentration of MSGW divided by 5
parts and each part (250 mL) then put into a 500 mL
Erlenmeyer flask. A total of 50 mL was taken from
every 250 mL of each MSGW concentration for
heavy metal analysis. The preparation of 1000 mL
Walne culture medium was carried out as directed by
Andersen (2005). Each medium was prepared was
poured into Erlenmeyer flask (500 mL), followed by
adding 50 mL/L (1.36 g¢/L dry biomass) of S.
platensis brood stock and stirred homogeneously.
The S. platensis brood stock was obtained from the
Center for Brackish Water Agquaculture, Jepara,
Central Java, which was cultivated at the Biology
Laboratory, Faculty of Sciences and Technology,
University of PGRI Adi Buana, Surabaya. Culture of
S. platensis was performed for 14 day at 36°C, 77%
relative humidity, 5000 lux light intensity and
aeration using aquarium air pump (SONIC P-125, 85
L/min, 0.04 MPa) with standardized aeration rate at
0.7 L/L/min.

Concentration of heavy metal

Heavy metal concentration in MSGW culture
medium such as magnesium (Mg), iron (Fe),
manganese (Mn), cuprum (Cu) and Zinc (Zn) were
measured before culture using the atomic absorption
spectrometry (AAS) (Shimadzu AA 700) method
based on Smith (1983). All chemicals of high purity
analytical grade reagents were employed; nitric acid
(HNO; 69%) and hydrochloric acid (HCI 37%) from
Merck, Germany were used for both extraction and
acid digestion procedures. Standard solutions of Mg,
Mn, Fe, Cu and Zn (Merck, Germany) in 1000 mg/L
each were diluted in series with HNO3; 0.5 mol/L to
obtain concentrations of 2, 4, 8, 10, 12, 14, 16, 18
and 20 ppm and used as stock solutions. The optical
density of the samples was observed using AAS at
wavelengths 285.2, 248.3, 279.5, 249.2 and 213.9 nm
for Mg, Fe, Mn, Cu and Zn respectively.

Concentration of nitrogen

Ammonium nitrogen (NH,N) concentration in
culture medium was measured before and after
cultivation (residue) using the method based on
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American Society of Agronomy and Soil Science
Society of America (1982). All chemicals for
nitrogen analysis from high purity analytical grade
reagents (Merck, Germany). The optical density of
samples was measured at 636 nm. Ammonium
sulfate ((NH4).SO) was used to prepare nitrogen
standards.

Concentration of phosphorus

Phosphorus concentration in media was conducted at
before and after cultivation (residue) and was
determined using the spectrophotometer method
based on Standard National Indonesia (2010). All
chemicals for phosphorus analysis from high purity
analytical grade reagents (Merck, Germany). The
optical density of samples was measured every
minute for 1 h at 400 nm. Phosphorous 7723-14-0
was used to prepare phosphorous standards solution
with concentrations of 0, 2, 4, 6, 8, 10 mg/L in
molybdate-vanadate solution and their optical density
measured at 395 nm.

Growth of Spirulina platensis

Spectrophotometer method at a wavelength of 680
nm (Yap et al., 2018) was used to observe the daily
growth of S. platensis. Before measuring the optical
density, 1 mL of S. platensis culture was filtered with
Whatman No. 1 filter paper. The filtrate was washed
2 times with distilled water, dried at 80°C for 12 h in
cabinet dryer and then dissolved in 1 mL of distilled
water. Frequently diluted 1.6 g/L dry biomass of S.
platensis was used to construct standard curves and
calculate the biomass of each sample. The daily dry
biomass of S. platensis was analyzed using regression
analysis base on the equation: Ypiomass=0.83X+0.04
with R* = 0.9875.

Y = dry biomass of S. platensis

X = optical density at 680 nm wavelength

Harvest of Spirulina platensis

Harvesting of S.plantesis was carried out on day 14
by filtering technique using synthetic cloth with a
mesh size of 50 um to separate the biomass from the
liquid culture. The wet biomass obtained was washed
with fresh water and filtered using a synthetic cloth
(mesh size 200 pm) to remove salt and dirt. The wet
biomass of S. platensis was dried at 80°C in a drying
rack for 12 h for further analysis of protein, lipid,
carbohydrate and chlorophyll content.
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Biochemical composition of Spirulina platensis
biomass

Protein, carbohydrate, lipid and chlorophyll-a content
in S. platensis dry biomass were conducted at the
initial and the final of cultivation. The total protein
analysis refers to the method of Lowry et al. (1951)
with a standard solution of bovine serum albumin
(BSA). The determination of lipid content in S.
platensis was conducted by Soxhlet method base on
Association of Official Analytical Chemist (AOAC)
(2005). The carbohydrate content in S. platensis dry
biomass was conducted using method AOAC (2005).
The measurement of chlorophyll-a content in S.
platensis was conducted using Jeffrey and Humphrey
(1975) method described by Standard National
Indonesia (2010).

Statistical analysis

Data from all experiments were demonstrated as mean
and standard deviation and were analyzed using the
Statistical Package for the Social Sciences (SPSS) 21
software. A honestly significant difference (HSD)
multiple comparison test was used to determine
significant difference among the treatments at p < 0.05.

Results and Discussion

Heavy metal concentration in MSGW culture
media

The heavy metal concentration in MSGW culture
media of S. platensis are presented in table 1. The
MSGW culture medium contained heavy metals Mg,
Fe, Mn, Cu and Zn with various concentrations and
the first was Mg and Fe second. The concentration of
each heavy metal significantly (p<0.05) increased
with the concentration of MSGW in the culture
medium. This is according with Cheng et al. (1996)
who reported that MSGW contains 21 metals
including heavy metals Mg, Fe, Mn, Cu and Zn. The
results of this study designated that MSGW with the
right concentration in the culture medium can support
the growth of S. platensis by providing a metal
component.

It is known that Cu and Fe in cells act as components
for photosynthetic electron protein transport, Mn as a
photosynthetic water oxidizing center (Andersen,
2005), Zn in carbonic anhydrase as a co-factor for
enzymes that amplify in carbon dioxide (CO,)
fixation (Moroney et al., 2001), Zn in ribonucleic
acid (RNA) polymerase plays a role in
deoxyribonucleic acid (DNA) transcription and Zn in
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alkaline phosphatase plays a role in the acquisition of
phosphorus (Sunda, 2012), Fe in nitrogenase plays a
role in dinitrogen (N,) assimilation (Bothe et al.,
2010) and Mg as the central element of the
chlorophyll molecule (Farhat et al., 2016).

Table-1: Heavy metal content in MSGW culture
media of S. platensis, the values represent means and
standard deviation with different superscript letters
in the same column were determined by HSD test
and indicate a significantly different (p<0.05).

Concentration | Concentration of heavy metal (ppm)
Ozn“f,f‘,f;” Mg Fe | Mn | Cu | zn
L5 904.09+4 | 85.06+ | 8.06+ | 3.42+ | 3.69+
' 01.24* | 13.28* | 2.91% | 1.01* | 1.41°
25 1800.18+ | 153.50 | 11.06 | 5.08+ | 7.31+
! 303.32° |+31.72°|+2.11°| 1.16" | 4.42"
35 3503.23+ | 253.13 | 13.81 | 7.16+ | 11.88
' 706.57° |+30.62°|+2.17°| 1.24° |+3.91°
45 5708.13+(325.19 | 17.94 | 13.92 | 16.31
' 605.26° |+36.27°|+3.42"|+1.56° | +5.75°

Growth of Spirulina platensis

Figure-1 shows the growth of S. platensis in 5 culture
media from the initial to the final of cultivation. The
growth of S. platensis at the initial of cultivation until
the seventh day for all concentrations of MSGW and
Walne medium there was no significant difference
(p>0.05). Growth of S. platensis at the eighth day until
the final of culture in MSGW media with
concentrations of 1.5 and 4.5 mL/L was significantly
(p<0.05) lower than 2.5 and 3.5 mL/L MGSW and
Walne medium. There was no significant (p>0.05)
difference in S. platensis growth at 2.5 mL/L MSGW
with Walne medium, but the both were higher than 3.5
mL/L MGSW. At the final of culture, S. platensis
biomass from Walne medium (2.91+0.15 ¢/L) did not
differ significantly (p>0.05) from the 2.5 mL/L
MSGW media (2.87+0.18 g/L), but both were
significantly (p<0.05) higher than 1.5 (1.71+0.16 g/L),
3.5 (2.54+0.17 g/L) and 4.5 mL/L (1.88+0.19 g/L).
Meanwhile, S. platensis from 3.5 mL/L MSGW media
was significantly (p<0.05) higher than 1.5 and 4.5
mL/L. There was no significant difference between S.
platensis biomass from 1.5 and 4.5 mL/L MSGW.
Nitrogen, carbon, phosphorus and trace metals is
one of the most significant factors that affects the
growth parameters and biochemical composition of
microalgae (Lin and Wu, 2015). In this study, the
low growth of S. platensis in MSGW medium with a
concentration of 1.5 mL/L compared to 2.5 mL/L and

4/11



Wardah Wardah et al

Walne medium is thought to be lack of nitrogen and
phosphorus. Zeng et al. (2011) suggested that
nitrogen is needed for the synthesis of nucleic acids,
proteins, pigments such as chlorophyll and
phycocyanin, while phosphorous for the formation of
DNA and RNA, adenosine triphosphate (ATP),
phospholipids. Spirulina productivity is strongly
influenced by the concentration and source of
nitrogen in the medium (Celekli and Yavuzatmaca,
2009). The limitation of nitrogen and phosphorus in
medium can converts cell from growth to synthesis
high molecular contents, such as lipids and
carbohydrates (Juneja et al., 2013).
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Figure-1: Growth of S. platensis in Walne medium
and 4 concentration of MSGW during 14 days of
cultivation. The values of means and the standard
deviation from 5 independent observations

The growth of S. platensis in 3.5 and 4.5 mL/L
MSGW are lower than 2.5 mL/L MSGW and Walne
medium is thought to the effect of high concentration
of ammonium-nitrogen. This study is in accordance
with several investigators. Ammonium (N-NHs) is
toxic at high concentrations for microalgae because it
inhibits ~ photosynthetic  equipment,  especially
electronic transportation in electronic transport chains
and nitrate consumption (Khanh et al.,, 2013).
Carvalho et al. (2004) reported that high ammonia
concentrations in culture media could inhibit the
growth of S. platensis. Ammonia can be formed from
various nitrogen sources under alkaline conditions
through hydrolysis (Danesi et al., 2002) or by urease
activity (Shimamatsu, 2004). Yanfeng et al. (2014)
reported that MSGW contains high organic matter
and ammonia nitrogen. Jiang et al. (2015) reported
that high ammonia concentrations (75% and 100%)
in the MSGW complex medium inhibited the growth
of S. subsalsa.

In addition, the lower growth of S. platensis at
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concentrations of 3.5 and 45 mL/L MSGW
compared to concentrations of 2.5 mL/L MSGW and
Walne medium is also thought to be increase in the
concentration of heavy metal in media without an
increase in rate of aeration and light intensity.
Ogbonda et al. (2007) reported that aeration can
increase S. platensis biomass production. Aeration
lay out agitation of growing cells and survives in the
suspension of Spirulina species (Dubey, 2006). The
aeration rate is in a range that is sufficient to prevent
the formation of shear stress in microalgae culture
(Zheng et al., 2013). Soni et al. (2019) reported that
to obtain biomass, cell productivity, specific growth
rate and protein content of S. platensis requires
adequate aeration, and proper agitation and light
intensity. Paes et al. (2016) reported that the
availability of nitrogen in high concentrations would
result in the growth of Chlorella sp. and
Nannochloropsis oculata which is fast if the culture
is supplied with sufficient carbon. The high
concentration of heavy metals in the media can
produce dark areas or light shade that inhibit the
photosynthetic process of S. platensis. Kula et al.
(2017) suggested that density in algae suspensions
causes significant changes in the intensity and
composition of light reaching individual cells. In
photobioreactors, effective mixing ensures spatial
homogeneity and avoids the formation of light shade
areas by moving cells between the bright light areas
and the light shade areas (Giorgia et al., 2018).

The productivity of S. platensis in this study was
relatively higher than the productivity of some
microalgae cultured in wastewater which has been
reported by several investigators. Khan et al. (2021)
reported that the biomass production of Trichocoleus
desertorum cultured in synthetic wastewater was 0.86
g/L/day. Shahid et al. (2021) reported that municipal
wastewater can be used as a medium for the
cultivation of Plectonema terebrans BERC10 with a
dry biomass production of 140 mg/L/day. Based on
the S. platensis productivity data in this study, it
indicates that MSGW has the potential to be used as a
low-cost cultivation medium for microalgae,
especially S. platensis. This is in line with Shahid et
al. (2021) who reported that urban wastewater can be
used as an inexpensive cultivation medium for
Acaryochloris marina BERCO03, Oscillatoria sp.
BERCO04, and Pleurocapsa sp. BERCO6.

Biochemical composition of Spirulina platensis
Table-2 shows the protein, lipid, carbohydrate and

5/11



Wardah Wardah et al

chlorophyll of S. platensis from 5 media at the initial
and at the final of cultivation. The protein S. platensis
at a concentration of 1.5 mL/L MSGW decreased by
21.80%, from 54.31% at the initial of cultivation to
32.51% at the final of culture. The carbohydrate S.
platensis at a concentration of 1.5 mL/L MSGW
decreased from 23.21% at the initial to 15.73% at the
final of cultivation. The chlorophyll S. platensis at a
concentration of 1.5 mL/L MSGW decreased from
1.26 mg/L at the initial to 0.76 mg/L at the final of
cultivation. Next, the lipid S. platensis at a
concentration of 1.5 mL/L MSGW increased from
3.28% at the initial to 5.73% at the final of
cultivation.

The decrease and low protein, carbohydrate and
chlorophyll as well as the increase and high lipid of
S. platensis at a concentration of 1.5 mL/L MSGW
are thought to be lack of nitrogen and phosphorus.
Uslu et al. (2011) reported that a decrease in nitrogen
concentration in the media caused significant changes
in cell composition, especially an increase in the
accumulation of lipid components and a decrease in
protein during the growth of S. platensis.

Table-2: Biochemical composition of S. platensis
from Walne medium and MSGW media at the
initial and at the final of cultivation, values
represent means and standard deviation with
different superscript letters in the same column
were determined by HSD test and indicate a
significantly different (p<0.05).

Co_ncentr Stage of Biochemical composition of S. platensis
:;'gg\% cultivati | Protein | Lipid | Carbohy Chhlslrlop
(mL/L) on (%) (%) |drate (%0) (mg/g)
nitial | 5370 |[3.19 | 2239+ | 1.29%

0 (Walne) 10.08 0.38 3.38 0.08
Final 5494+ | 3.32+ | 21.68+ | 1.23+

7.82° 047° | 3.04° 0.07°

Initial | 5431% |[3.28%| 2351% | 126%

15 9.05 0.27 3.27 0.08
Final 3251+ | 573+ | 1573+ | 0.76%

6.22° | 0.86° | 3.66% 0.08

initial | 5428+ |33l | 2367+ | 1.28%

”s 11.07 0.25 3.25 0.12
Final 53.25+ | 3.45+ | 21.83+ | 1.22+

13.48° | 0.46% | 2.46° 0.09°

nitial | 5332+ |[3.27x | 2343+ | 127%

35 8.05 0.14 3.14 0.09
Final 4963+ | 5.81+ | 19.87+ | 1.06+

1042° | 0.86° | 2.69° 0.07°

initial | 52:17% |[3.32f] 2158+ | 1.24%

45 13.23 0.35 3.35 0.14
Final 4328+ | 6.16+ | 17.65+ | 0.98+

12.13° | 0.92° | 3.92° 0.08%
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The nitrogen source and concentration influence the
accumulation of lipid in S. platensis (Nyabuto et al.,
2015). Yilancioglu et al. (2014) reported that
nitrogen deficiency can cause oxidative stress and
lipid accumulation in microalgae cells. Wang et al.
(2014) published that nitrogen deficiency in the
media for a long time causes a reduction in
photosynthetic efficiency, thus, cells begin to
metabolize carbohydrates as energy and carbon
source. Menegol et al. (2017) reported that
carbohydrate synthesis by microalgae was influenced
by nitrogen concentration. The chlorophyll of S.
platensis is determined by the nutrient, light and
temperature (Danesi et al., 2011). Chlorophyll is an
easily accessible nitrogen-rich component and is an
intracellular nitrogen pool for growth support (Li et
al.,, 2008). The synthesis of chlorophyll and
carotenoid depends on mineral nutrition (Daughtry et
al., 2000) and phosphorus is one of the components
necessary for the growth and development of algae
cells (Hu, 2004). Phosphorus takes part in many
metabolic processes, such as signal transduction,
energy conversion and photosynthesis (Navarro et al.,
2008).

The protein content in S. platensis at a concentration
of 45 mL/L MSGW decreased by 8.89%, at the
initial of cultivation 52.17% to 43.28% at the final of
cultivation. The carbohydrate S. platensis at a
concentration of 4.5 mL/L MSGW decreased from
21.58% at the initial to 17.65% at the final of
cultivation. The chlorophyll S. platensis at a
concentration of 4.5 mL/L MSGW decreased from
1.24 mg/g at the initial to 0.98 mg/g at the final of
cultivation. Meanwhile, the lipid S. platensis at
concentrations of 4.5 mL/L MSGW increased from
3.32% at the initial to 6.16% at the final of
cultivation.

The lower protein and carbohydrate content as well as
higher lipids content in S. platensis at a concentration
of 4.5 mL/L MSGW compared to 2.5 mL/L MSGW
and Walne medium are thought to be increase MSGW
concentrations without followed by increasing rate of
aeration in culture. This study designates that the
aeration rate of 0.7 L/L/min is inadequate at
concentration of 4.5 mL/L MSGW to produce high
growth and content of protein, and carbohydrate in S.
platensis. Ogbonda et al. (2007) reported that aeration
can increase protein synthesis by S. platensis. Fabregas
et al. (1995) reported that the aeration rate can increase
carbohydrate and protein content in microalgae.
Regarding the effects of aeration on microalgae lipid
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content there are differences between investigators.
Zheng et al. (2012) reported that the rate of aeration
can increase lipid production of C. vulgaris.
Meanwhile, Shirzadi et al. (2017) reported that
aeration rate had no effect on the content of lipid C.
vulgaris. Observations of low chlorophyll S. platensis
at concentrations of 3.5 and 4.5 mL/L MSGW
confirmed that high concentrations of heavy metals in
the media could inhibit S. platensis growth because the
rate of photosynthesis was inhibited by the appearance
of the light shade areas in the photobioreactor.

Table-3: Nitrogen and phosphorus contents in S.
platensis culture media at the initial and at the
final of cultivation, values represent means and
standard deviation with different superscript
letters in the same column were determined by
HSD test and indicate a significantly different

(p<0.05).
Concentratio Nitrogen (%) Phosphorus (%)
n?;migvv Initial | Final | Initial | Fina
4.01% 0.65+ | 0.085+ | 0.014+
O(Walne) | a3 | 018* | 0.012° | 0.008°
15 1.29+ no_ 0.046+ no_
: 0.29* | detection | 0.018* |detection
25 3.85+ 0.62+ | 0.092+ | 0.019+
' 0.36° 0.14* | 0.021° | 0.007°
35 452+ 1.58+ | 0.136% | 0.047+
' 0.34° 0.19° | 0.034° | 0.012°
45 6.32+ 3.24+ | 0.163% | 0.068%
' 0.72¢ 0.15° | 0.046° | 0.015°

Nitrogen and phosphorus uptake

Analysis of nitrogen and phosphorus content in 5
media at initial and final cultivation of S. platensis
are presented in Table 3. Nitrogen available in Walne
medium, 2.5, 3.5 and 4.5 mL/L MSGW media were
uptaken as much 83.79, 83.90, 65.04 and 48.73%,
respectively. Meanwhile, phosphorus available in
Walne medium, 2.5, 3.5 and 4.5 mL/L MSGW media
were uptaken as much 83.53, 79.35, 65.44 and
58.28%, respectively. The decrease of nitrogen and
phosphorus content in the media after culture is due
to the use of nitrogen and phosphorus by S. platensis
for growth and other activities. Nitrogen and
phosphorus are the main limiting nutrients for aquatic
algae production due to their short supply compared
to the needs of cellular growth (Jin et al., 2011).
Nitrogen is an element and component of protein,
chlorophyll and DNA, plays an important role in the
culture of microalgae (Zarrinmehr et al., 2019). Some
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metabolic processes of microalgae such as signal
transduction, energy conversion and photosynthesis
involve the role of phosphorus (Navarro et al., 2008).
These observations of nitrogen and phosphorus
uptake confirmed that growth and changes in the
constituent’s composition of S. platensis at a
concentration of 1.5, 3.5 and 4.5 mL/L MSGW media
are caused by a lack or excess content of ammonium-
nitrogen and phosphorus in the media than necessary
at culture condition. The high nitrogen and
phosphorus residues in 3.5 and 4.5 mL/L MSGW
were suspected because the aeration rate of the
culture media used in this study was inadequate at
this concentration to produce a uniform distribution
of S. platensis cells and nutrient media. Khoo et al.
(2017) reported that an increase in compressed
aeration flow rates increases the biomass dry weight
yield because it provides a well-mixed environment
for C. vulgaris growth.

Conclusion

This study leads to the conclusion that MSGW can
provide nutrient components such as nitrogen,
phosphate and heavy metals that are potentially used
as S. platensis culture media to reduce production
costs. Setting the concentration of MSGW in culture
media and conditions of culture such as light
intensity and aeration needs to be done to obtain the
maximum S. platensis production performance. The
optimum concentration of MSGW in the media is 2.5
mL/L. MSGW has high potential to be used as a
medium-cost source of low-cost nutrition for S.
platensis on a large scale in the future. The use of
MSGW on a large scale can have an impact on
reducing wastewater pollution, specifically the waste
from the MSG food flavoring factory.
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