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ABSTRACT

Spirulina platensis is a blue-green alga with columnar cells forming a
spiral-like twisted (helix). This research aimed to boost cell growth and the
simultaneous production of high-value compounds in response to the
varying concentration of MSG as metabolic stressors in Spirulina platensis.
The methods used in this study included biomass growth as measured by the
cell density method with a wavelength of 680nm, while phycocyanin
concentration and phycocyanin purity were measured by wavelengths of
620 and 280nm. Carotenoid content was measured using a
spectrophotometer, while total lipids were extracted by Bligh and Dyer
method, and then fatty acids profiling was evaluated using GC-MS. In the
total lipid data, a drastic increase occurred at a concentration of 7.5 mM
which was about 3 times higher than the control and 5 mM MSG. The

results showed that the addition of monosodium glutamate had a significant
effect on the biomass growth rate of microalgae, but it could increase the
phycocyanin content. The greatest value of phycocyanin concentration was
obtained with the addition of 7.5 mM monosodium glutamate which was
0.116 mg/mL, compared to the control which was 0.060 mg/mL. While the
purity at the best concentration of 7.5 mM monosodium glutamate was
2.049 £ 0.159 and 1.518 + 0.266 for the control. In this study, it was shown
that sodium glutamate is a good metabolic stress in the growth of
phycocyanin production from the microalgae Spirulina platensis.

INTRODUCTION

Spirulina platensis is one of the microalgae often cultivated and developed
commercially (Madkour et al., 2012). The superiority of Spirulina platensis protein lies
in the complete composition of essential amino acids, protein and carbohydrate (EI-
Chaghaby et al., 2019). Besides its high protein production (50-60% of dry weight
biomass), Spirulina platensis contains high carotenoid bio-pigment essential compounds
(beta-carotene, lutein, and phycocyanin) which can function as human health nutrients
(Al-Zayat, 2019). The largest essential bio pigment compound in Spirulina platensis is
Phycocyanin, containing 1500 to 19000 mg in 100 grams of Spirulina platensis dry
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biomass. Phycocyanin can function as an antioxidant that can counteract free radicals,
and cancer cell growth and increase immunity and stamina (Capelli & Cysewski, 2010).
Phycocyanin has been reported to exhibit strong cancer chemo-preventive activity and
exert anti-cancer effects on various types of cancer cells such as liver cancer and lung
cancer (Roy et al., 2007) as well as breast cancer (Chen & Wong, 2008). In general, the
environmental variables and suitable medium are two main factors for the production of
high value-added products by microalgae of Spirulina platensis, especially to achieve
microalgae with the high amount of biomass and phycocyanin (Manirafasha et al.,
2017). The manipulation of nutrient conditions can affect the biochemical composition of
algal cells including lipid, carotenoid and phycocyanin production by microalgae
Spirulina platensis. One of the efforts to achieve higher biomass and phycocyanin content
can be done by regulating cellular mechanisms through the manipulation of nutrients by
adding compounds that act as metabolic stressors (Paliwal et al., 2017).

Metabolic stress is currently a promising approach for manipulating the cell
pathway and enhancing the production of metabolites from microalgae. Recently, several
investigations have been accomplished by supplementation of monosodium glutamate
(MSG) and aspartate (ASP) as a metabolic stressor to increase phycocyanin productivity
and carotenoid content by 83.36 % and 64.77% in Arthrospira platensis (Fekrat et al.,
2021). This substance can act as a substrate in manipulating the biosynthetic process of
chemical compounds in microalgae cells. One example that has been done is
monosodium glutamate (MSG), which is able to increase the pigment and protein content
of the microalga Spirulina platensis. The addition of this substrate as stress is a strategy
to increase the accumulation of the desired metabolite target (Li et al., 2016). Several
reports presented that the addition of substrates such as glutamate could increase the
biomass production of Spirulina platensis from 3.19 mg/L to 3.97 mg/L and increase the
production of protein from 55% to 66% (Prabha et al., 2016). In line with previous
research conducted by Manirafasa reported that the addition of metabolic stress could
improve the production of phycocyanin around 51.85 mg by adding 7.5 mM of the
succinic acid into the medium (Manirafasha et al., 2017). A thorough evaluation of the
relevant literature reviews some data about applying MSG supplements in Spirulina
platensis cultivation. Nevertheless, only few reports have been conducted on the use of
MSG supplement in Spirulina platensis cultivation and their effect on biochemical
metabolite.

This research aimed to boost cell growth and the simultaneous production of high-
value compounds in response to the varying concentration of MSG as metabolic stressors
in Spirulina platensis under suitable culture medium conditions. Furthermore, a network
correlation analysis was applied to biomass growth and phycocyanin production in
microalgal cells. Additionally, the content of lipid, chlorophyll and carotenoid was
determined in the microalgal biomass.

MATERIALS AND METHODS

1. Inoculation of Spirulina platensis

The microalgae Spirulina platensis used in this study were isolates of microalgae
Spirulina platensis obtained from the Biochemistry Laboratory of Andalas University.
Spirulina platensis was previously tested using an Olympus BX40 binocular microscope
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to see the morphology of Spirulina platensis. The microalgae isolates were then cultured
in Zarrouk's medium consisting of (per Liter): 4.2 g NaHCO3 (Merck®), 0.5 g K,HPO,
(Sigma Alderich®), 3.75 g NaNO3 (Merck®), 1 g K,SO,4 (Merck®), 1 g NaCl (Merck®) ,
0.2 g MgS0..2H,0 (Merck®), 0.04 g CaCl,.2H,O (technical), 0.01 g FeSO..7H,0
(Sigma Alderich®), 0.08 g EDTA and 1 ml of the top-stuffed trace metal solution (per
Liter): 2.86 g H3BO3; (Merck®), 1.81 g MnCl,.4H,0 (Merck®), 0.222 g ZnS0,4.4H,0
(Merck®), 0.10177 g Na,MoO4 (Sigma Alderich®), 0.079 g CuSO4.5H,0 (Merck®). The
medium was then grown for 4 days with initial cell density reaching 0.6 at ODggo
(Manirafasha et al., 2017).

2. Microalgae cultivation conditions and growth optimization

Microalgae were cultivated at a temperature of 27°C (relative laboratory room
temperature), which was carried out with a 24 hour cycle, using fluorescent lamps for
lighting. The zarrouk medium was prepared at this stage and treated by adding
monosodium glutamate in medium to detect the optimum concentration limits for each
substance. The variation of sodium glutamate concentrations in the culture medium was 0
(control), 5 mM, 7,5 mM, and 10 mM. The addition of monoodium glutamate was carried
out at the beginning of cultivation (Manirafasha et al., 2017). Each treatment measured
Phycocyanin content and microalgae growth curve based on optical density (ODggp) and
dry biomass weight, and then the optimum conditions were obtained for monosodium
glutamate treatment. This was conducted 3 times.

3. Determining the growth rate of Spirulina platensis

Microalgae dry biomass was determined by weight based on a standard calibration
curve that relates the absorbance (optical density) and dry weight. Microalgae isolate
cultures at the highest optical density were filled into five vials that had been weighed
beforehand with volumes of 5, 10, 15, 20, 25 and 30 mL, respectively. The volume of all
cultures was made up to 30 ml, with the addition of distilled water to form five variations
of isolate concentration and the optical density was measured. The culture was dried in an
oven at 50°C and weighed until a constant weight was obtained. The standard curve was
substituted for the optical density value at optimal growth into the obtained regression
equation, with x as dry biomass weight and y as optical density so that the dry biomass
weight of each isolate can be determined (Lee & Shen, 2004). The dry weight of
microalgae was calculated using the following regression equation.

Y = 0.5587X 4 0.115 .. eoeeeeeeeee oo, (1)

4. Assessment of total carotenoids

Dried biomass of 50mg was suspended to methanol (5mL) in term to calculate
concentrations of total carotenoids and kept in the dark/incubation in water bath at 40£5
°Cfor 30 minutes, followed by cooling in room temperature. The mixture was centrifuged
at 3500 rpm for 10 minutes. Aliquots of each extract were measured by recording the
optical densities at 470, 652 and 665 nm for optical density using a spectrophotometer
UV VIS (Thermo Scientific Genesys 20) using the following equations as described by
Lichtenthaler (1987).
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Chlo a (pg/g) = (16.72x A.665 nm) - (9.16 x A.652 nm)
Chlo b (pg/g) = (34.09x A.652 nm) - (15.2x A.665 nm)

(1000 x A.470 nm) — (1.63 x Chlo a) — (104.96 x Chlo b)
221

Carotenoid Total (pg/g) =

5. Determination of lipid content

Lipids were extracted based on the modified Bligh and Dyer method with modification
according to (Perdana et al., 2021). Dried biomass 50 was added 100 pL dionisation
water then added with 300 pL a mixture of chloroform and methanol at the 1:2 ratio (v/v)
and vortex for 2 min. A 100 pL chloroform was added to mixture and then vortex for 1
min. The lipid-containing chloroform layer at the bottom of the separating funnel was
removed by centrifuged at 2500 x g for 6 min. The chloroform phase was recovered, the
residue was reextracted with 100 pL of chloroform three times. Then, the extracts were
air-dried and total lipid (TL) percentage was determined by following formula:

o Total lipid weight (g)
% Total Lipid = ; - x 100%
Total biomass weight(g)

Lipid extracted from microalgae biomass was methylated by modified methanolic HCI-
transesterification method. Microalgae lipid was incubated at 90°C for 2 hours with
methanol: HCI: chloroform (10: 1: 1). Thereafter, lipid was added to 1 mL distilled water
and fatty acid methyl ester extracted by adding 2 mL hexane-chloroform (4: 1); vortexed
and top layer was recovered. The organic layer was injected to GC-MS with specification
where column oven temperature 50°C, injection temperature 250°C, pressure 85 kPa,
total flow 60 mL/min, start time 2.00 min, end time 60.54 min, start m/z 40.00, and end
m/z 500.00 (Cavonius et al., 2014).

6. Determining phycocyanin production of Spirulina platensis

60 mg of air-dried biomass was suspended in 10mL of 0, 1 M phosphate buffer (pH=7),
and the solution was stored in a refrigerator at 4°C. After 20 hours, the solution was then
centrifuged at 3.500 rpm for 15 minutes for removing contamination, and the supernatant
(blue color) was collected (Horvath et al., 2013). The absorbance of the pure extract was
determined by UV/Vis at wavelengths of 620 and 652 nm (Simis & Kauko, 2012). For
the last step, the Phycocyanin concentration of the extract was calculated using the
following formulas (Bennett & Bogobad, 1973).

. . OD4,0—0.474 x OD
Phycocyanin consentration = (ODezo 652) )
5.34

The absorbance of the pure extract was determined by UV/Vis at wavelengths of
620 and 652 nm. Afterward, the Phycocyanin concentration of the extract could be
calculated.
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Purity of Phycocyanin = B0 e, 3)

AZED

Phycocyanin content per cell weight using equation (4) (Sharma et al., 2014)
Phycocyanin content = B e e, (4)

Where, PCc is the concentration of Phycocyanin obtained in equation (2) (mg mL™); Ve
is the volume of the extract (mL), and Mg is the biomass used in the extraction (g)

RESULTS AND DISCUSSION

1. Morphopogy of Spirulina platensis

The study of morphological features of microalgae Spirulina platensis and their
suspensions is displayed in Fig. (1). This microalgae has a blue-green color with
columnar cells forming spiral-like twisted filaments (helix) so it is also called blue-green
filamentous algae (cyanobacterium). Spirulina platensis filaments live independently and
can move freely (Koru, 2012). One of the most prominent morphological features of the
genus Spirulina a is the spiral coiling of multicellular trichomes with easily visible cross-
walls (Nowicka-Krawczyk et al., 2019).

-

(@) (b)

Fig. 1. The results of studying the morphological features of the microalgae Spirulina
platensis and their suspensions: (a) Cells under a microscope; (b) The suspension’s
appearance

From Fig. (1), it can be seen that, not all Spirulina platensis microalgae cells resemble
spirals. In this study, some Spirulina platensis microalgae cells are like linear filaments
and have different cell lengths. According to research conducted by Wijayanti et al.,
(2020), Spirulina platensis cultured with different media had several linear/straight and
spiral morphologies. Furthermore, Spirulina platensis cells were spiral and linear,
indicating that there were differences in genes (Yadav et al., 2020). This is due to
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differences in the light used, radiation and temperature, as well as environmental
influences, both physical and chemical. Spirulina platensis is an organism that is
susceptible to mutations and sequence changes in its genomic (Vonshak & Tomaselli,
2006).

2. Carotenoid and lipid content accumulation

The chlorophyll a and total carotenoid concentrations were simultaneously increased in
the Spirulina platensis under MSG treatment (Fig. 2). The highest chlorophyll a and b
content were observed in the 7.5 mM MSG treatment, with amounts of 4.18 + 0.58ug/
mg and 1.82 £ 0.83ug/ mg, respectively. The treatment condition with MSG 7.5 mM,
recorded the highest carotenoid level 0.856 + 0.04 pug/mg and also the highest lipid
content 5.57 %. The results showed that there was an increase in the total carotenoid
content, accompanied with an increase in the total content of chlorophyll a and b. The
optimal increase in total carotenoid content was obtained at a concentration of 7.5 mM.
However, the addition of monosodium glutamate which exceeds the optimal conditions
causes a decrease in total carotenoid content. In terms of carotenoids, at higher stressor
concentrations the growing cells contained higher amounts of total carotenoids and higher
carotene production (Fig. 2). This is similar to previous studies in Dunalina salina
microalgae. In this context, Pisal and Lele (2005) reported that, carotene is a secondary
metabolite, and these molecules are produced by cells under stress conditions as a cell
protective mechanism. Therefore, there was an increase in total carotenoids and carotene
content at higher stress conditions.

Il clorofil a
59 | clorofil b
Il carotenoid total 6+ Total Lipid

Abundance (ug/mL})
Total lipid (%)
w
1

i N

control 5mM 7.5mM 10 mM control 5mM 7.5mM 10 mM

MSG concentration (mM) MSG concentration

@ (b)

Fig. 2. Effect of MSG concentration on (a) Carotenoid content (b) Total lipid

After testing the carotenoid levels then continued to calculate the lipid levels from the
different concentrations of monosodium glutamate. In the total lipid data above, a drastic
increase occurred at the concentration of 7.5 mM, which was about 3 times higher than
the previous concentration, control and 5 mM MSG. These data are in line with the
findings of Kandasamy and Nagarajan (2014) who reported that, chlorophyll,
phycocyanin and lipid content in Spirulina platensis microalgae increased when stressors
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were added in the form of salt with concentrations of 0.1 and 0.2 M. Lipid accumulation
in algae usually occurs during environmental stress. Cells adapt to stress by undergoing
changes in morphology and developmental patterns and physiological as well as
biochemical processes. Other research shows that lipid productions of A. Platensis were
significantly higher grown in 35 psu (14.635+0.087% dry weight) after modifying the
growth medium (Almahrouqi et al., 2015). The highest lipid content, namely the
addition of 7.5 mM MSG, was then esterified and identified using GC-MS. The results of
the GC analysis were obtained in the form of a chromatogram using an MS detector.
Certain fatty acid compounds will come out at a certain retention time and then by the
MS detector, compounds with small molecular weights will be identified. In this study,
the effect of 7.5 mM monosodium glutamate on the fatty acid profile in Spirulina
platensis microalgae is shown in Table (1).

Table 1. Fatty acid composition of microalgae biomass Spirulina platensis

RT Compound name Molecule  Molecule Abundance
Formula weight
(g/mol) Control 7.5 mM
MSG
10.929 napthalene CioHs 128.174 4.35 4.48
12.721 6-Octen-1-ol, 3,7 C13H240, 212.33 1.59 -
dimethyl, ( R)
12.883 azulene Cy o Hg 128.174 2.66 -
13.423 2,6 Octadin-1-ol, 3,7 Cy 0 Hs 154.2493 10.5 3.33
dimethyl (E) @)
13.689 dianhydromannitol CsH100, 146.14 2.55 2.83
16.587 2,6-Octadien-1-01,3,7  Cy3H5,0, 210.31 29.55 5.35
dimethyl-acetate (E )
17.335 caryophyllen CisHas 204.367 6.3 -
18.939 napthalene, CisHas 204.350 3.63 -
1,2,3,4,4a,5,6,8,8a-
octahydro-7n
21.422 heptadecane Cy 7 Hs 240.475 17.59 68.47
6
22.080 8,11-octadecadioic C1oH340, 294.5 11.14 -
acid, metyl ester
22.700 phytol Cz o Hy 296.539 10.4 -
0 o
11.009 benzaldehyde, 3- CsHsO 120.148 - 4.68
methyl
14.059 hexanedionic acid, CsH140, 174.194 - 411
dimetyl ester
20.115 hexadecane Ci6 Hs 226.448 - 7.76

4

Fourteen compounds in the total polar lipid of Spirulina platensis were identified by GC-
MS analysis. The active principles with their retention time (RT), molecular formula
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(MF) and concentration (%) are presented in Table (1). The prevailing compounds in
control were 2,6 Octadin-1-ol, 3,7 dimethyl (E) (10.05%), 2,6-Octadien-1-ol,3,7
dimethyl-acetate (E ) (29.55%), caryophyllen (6.3%), napthalene, 1,2,3,4,4a,5,6,8,8a-
octahydro-7n (3.63%), 8,11-octadecadioic acid, metyl ester (11.4%), and phytol (10.4%).
Interestingly, at the concentration of MSG 7.5, there were several compounds that
experience an drastic increase, such as napthalene (4.48%), heptadecane (68.47%) and
dianhydromannitol (2.83%). Several compounds also appeared such as benzaldehyde, 3-
methyl (4.68%), hexanedionic acid, dimetyl ester (4.11%) and hexadecane (7.76%). At
this concentration, fatty acid production has decreased compared to control.

2. Phycocyanin production
Microalgae can accumulate desired biochemical products such as Phycocyanin by

changing certain environmental factors, one of which is the provision of nutrients into the
growth medium. Glutamate, pyruvate and succinic-coenzyme A are precursors in the
tetrapyrole biosynthetic metabolite pathway such as porphyrin, pycobilin and chlorophyll
that can act as nutrients (Fujisawa et al., 2010). Microalgae that had been cultivated for 4
days in Zarrouk medium were then re-cultivated with variations of monosodium
glutamate (MSG) concentrations to determine the growth rate and concentration of
phycocyanin. The following is a growth curve and graph of Phycocyanin production
obtained for MSG as metabolic stress in Spirulina platensis (Fig. 4). Based on the results
in (Fig. 4a) shows that there had been a negative effect of monosodium glutamate on dry
biomass on the growth of Spirulina platensis. This trend is in line with the findings of
previous studies on the impact of increasing salt concentration on biomass production in
Spirulina platensis. When cells were exposed to high salinity as a stressor, special
processes are activated such as, a) pressure recovery, b) regulation of ion uptake and
export through cell membranes, and c) induction of protective solute accumulation as
well as protein stress. This mechanism in turn led to decrease the growth conditions
(Shalaby et al., 2010).
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Fig. 4. (a) Biomass growth curve; and (b) Phycocyanin production graph in Spirulina platensis
with the addition of monosodium glutamate (MSG); (c) Spirulina platensis biomass growth
curve, and (d) Phycocyanin production on 7.5 mM MSG addition.

After obtaining the best concentration of 7.5 mM monosodium glutamate substrate,
microalgae cultivation was carried out again with a concentration to detect the effect on
biomass growth rate and phycocyanin production in Spirulina platensis microalgae. From
Fig. (4c) it can be seen that, the biomass growth curve of Spirulina platensis with zarrouk
medium (control) was in the highest position by producing dry cell weight or dry biomass
weight of microalgae of 1.811 g/L at the beginning of the stationary phase, followed by
the addition of MSG. 7.5 mM, with an absorbance value of 1.208 g/L. For the stationary
phase, the two variations were on days 16 to 18. Then, the dry biomass decreased on the
death phase on day 20, with a value of 1.674g/ L for control and 1.054g/ L for the
addition of MSG. With a decrease in the value of biomass, it could be concluded that the
more substrate additions to the growth medium, the smaller the absorption value of
Spirulina platensis growth. Fig. (4d) shows the effect of MSG on the growth of
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Phycocyanin production. From the overall graph given, it can be seen that the increase
during the cultivation process reached the peak of Phycocyanin production on day 16,
which was 0.083mg/ mL for the control and 0.0202mg/ mL for the highest peak at a
concentration of 7.5 mM monosodium glutamate (MSG). Nevertheless, it decreased on
day 20 with the concentration of phycocyanin in the final stationary phase of 0.060
mg/mL for the control, 0.116 mg/mL for the best variation of MSG concentration. The
following is a graph of phycocyanin production obtained for 7.5 mM MSG addition in
Spirulina platensis culture (Fig. 5).

2,5 - - 40
0
= T
. b
—_ 2 - 30 £
8 =
<15 S
e L 20 ©
< 14 N g
o =
b= - 10
205 - &
:
20 0 £
Caontrol MSG 7.5 mM
Treatment
W Purity ration Phycocyanin content

Fig. 5. Ratio of purity and Phycocyanin content in Spirulina platensis

The concentration of phycocyanin produced in the control and MSG can be seen in
Fig. (5), which is 0.083 £+ 0.003 mg/mL for the control and 0.202 £+ 0.004 for MSG. The
total Phycocyanin in MSG increased almost 3 times, namely 33.717 £ 0.670 when
compared to the control (13.856 + 0.507). The ratio of phycocyanin purity was
determined by the ratio between the absorbance of the sample of the pigment at 620 nm
(As20) and 280 nm (Azs0). Samples of Phycocyanin with Agao/Azgo ratio greater than 0.7
are considered as food grade, while those with Agxo/Azgo ratio of 3.9 are considered
reactive values, while values above 4.0 are considered as from analytical grade (Eriksen,
2008). In this study, the obtained phycocyanin acted as a food grade, namely 2.049 +
0.159 and 1.518 + 0.266 in MSG and controls. The interaction between trace metals and
other nutrients added to the growth medium will increase phycocyanin by 2.3 times in P.
ceylanium.

CONCLUSION

In conclusion, it was found that, Spirulina platensis responded differentially to
varaying range of metabolic stress for high value compound productivity. Monosodium
glutamate (MSG) has an impact on biomass growth of Spirulina platensis microalgae the
more MSG was given, the slower and smaller the biomass produced. However, the
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consentration of 7.5 mM of MSG was found as substrate for stimulating carotenoid, lipid
and the ratio of purity of Phycocyanin as well as Phycocyanin content. These findings
provide important data for future metabolic studies to improve valuable compounds
accumulation using metabolic stressor in Spirulina platensis.
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