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Abstract— The microalgae Spirulina (Arthrospira platensis Gomont) is already cultured commercially using open ponds. The obstacle
to mass cultivation of Spirulina is maintaining the monoculture without any contamination that can affect biomass products and their
metabolites. The tolerance of Spirulina to environmental changes, such as changes in pH conditions, can be used as a method to overcome
contamination in Spirulina mass cultivation. The growth contaminant can be avoided or controlled by giving mechanical stress by
modifying the pH to alkaline levels. The efficient use of cost-effective materials in mass cultivation prevents contamination and
maintains Spirulina's productivity. This study investigated the optimal pH parameters of 7-11 for 10 days. Cell density and dry biomass
were measured daily using a hemocytometer and filter paper Whatman. The growth rate of contaminant microorganisms was carried
out every five days along ten days of cultivation using the Total Plate Count (TPC) method. Using pH 9 effectively increased the cell
density significantly (9.12+1.02%) and dry biomass (17.31+4.19 g.mL—1), reducing the contaminants in Spirulina mass cultures. The
metabolite content was measured, including total protein using the Kjeldahl method, total lipid using the Soxhlet method, and
pigmentations (such as chlorophyll, carotene, and phycocyanin) using spectrophotometry. The pH scale 8-10 can increase protein, lipid,
and pigmentations. However, the pH 11 decreased almost entirely as a result of the metabolite contents of Spirulina.
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environment close to neutral [2]. Microalgae cultivation
I. INTRODUCTION systems with open ponds in a non-aseptic environment will
expose microalgae directly to the surrounding environmental
conditions. Utilizing the surrounding environmental
condition can cause contamination of several biological
agents, which is the main problem of this cultivating system
[3]. The presence of other organisms (contaminants) growing
in the culture can be considered a pest. These contaminant
organisms can interfere with culture development, decrease
productivity, and sometimes result in the loss of microalgae
populations or desired end products [4].

Contamination is a common and significant issue in the
mass production of Spirulina (4. platensis). As they are open
to the environment, they are vulnerable to contamination from
other microorganisms, including other microalgal strains [5].
The strategies to avoid or control culture contamination can
be monitored using psychical or chemical control systems.

The cultivation approach of several microalgae species has
been carried out on a mass scale to produce industrial products,
such as food and feed supplements, pharmaceuticals,
cosmetics, and, more recently, biofuels, as well as wastewater
treatment and mitigation of atmospheric CO, build-up. These
microalgae  produce many  bioproducts, including
polysaccharides, proteins, lipids, pigments, antioxidants,
vitamins, bioactive compounds, and many others. In addition,
industrial microalgae cultivation is becoming popular because
of the ability of microalgae, which is very versatile in its
utilization [1].

Microalgae production using open ponds (rather than
photobioreactors) is often considered the most cost-effective
approach, and cultures are typically produced in a pH
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One method of chemical control for suppressing the growth
of contaminating organisms in Spirulina production is by
raising the pH to alkaline levels [4] [6]. Spirulina can adapt to
alkaline solutions by fixing photosynthetic carbon and
utilizing HCO;™ as an inorganic carbon source. It is known
that phototropic utilization of HCOs™ is facilitated through a
carbon concentration mechanism (CCM) consisting mainly of
membrane-bound and intracellular enzyme carbonic
anhydrase, which converts HCO3™ to CO; in cells [7].

Environmental pH conditions in alkaline levels can also
influence the production and accumulation of valuable bio-
products such as antioxidant compounds. Applied stress can
cause oxidative stress, which is characterized by an imbalance
between prooxidant and antioxidant activity within a cell due
to an increase in prooxidants. Oxidative stress causes
Spirulina to produce valuable secondary defensive
metabolites with antioxidant potential [8].

In a previous study by Mehar ef al. [9], risk contamination
can be reduced by increased pH using CO» feeding. Efforts to
increase the pH in the alkaline range were carried out to
reduce the risk of contamination in the Spirulina microalgae
mass culture. Microalgae culture conditions with alkaline pH
can also cause an increase in CO, mass transfer, which
produces high HCO;™ ions to encourage Spirulina growth
quickly. Based on this description, modifying the pH with
specific ranges to an alkaline pH state to inhibit the growth of
contaminant organisms but using a cost-effective approach
such as commercial-based materials and its effects on the
growth rate and yield of Spirulina metabolites.

II. MATERIAL AND METHOD

A. Cultivation of Spirulina

Spirulina  monoculture seedlings were taken from
Nogotirto Algae Park and then cultured into open culture
tanks filled with water and fertilizer as a mass culture medium
(Table I) [10]. The treatment pH parameters were 7, 8, 9, 10,
and 11. The justification of pH using the addition of caustic
soda and vinegar was adjusted to the pH parameter scale in
each treatment [11]. Spirulina growth measurements were
carried out microscopically using a hemocytometer and the
dry weight measurement for ten days.

TABLEI
SPIRULINA GROWTH MEDIUM COMPOSITION ON A MASS CULTURE

Composition gL!

NaCl 5

Urea Fertilizer (CH4N20) 0.05
Nitrogen, Phosphate, Kalium Fertilizer 0.03
Ammonium Sulphate ((NH4)2SO4) 0.15

Soda Ash Dense (Na2CO3) 0.075

B. Spirulina Growth Rate and Biomass Measurement

The growth rate of Spirulina culture in this study was
carried out every day using a Neubauer Improved
hemocytometer because the cell size was microscopic (2—10
pum in diameter). Calculations were carried out on four blocks,
and the results were divided by the total number of counting
space blocks with a microscope magnification of 100x [12].
Furthermore, Spirulina biomass was calculated by weighing
15 mL of Spirulina culture, filtering it through Whatman filter
paper, and rinsing it three times with distilled water to
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dissolve any remaining excess salt. The filter paper was then
dried, and the dry weight was calculated using a g.L"! unit
weight [13]. Furthermore, the daily density data was used in
the formula for calculating the specific growth rate (p) using
Equation (1) [14], [15]:

In N¢—1In Ng

b= —— (1)

Tt—=To

. Specific growth rate; N
observation time; Np: initial cell density/biomass;
observation time; 7p: initial time.

cell density/biomass at
T:.

C. Measurement of the Growth Rate of Contaminant
Microorganisms

The Total Plate Count (TPC) method was used to measure
the growth rate of contaminant microorganisms every five
days. The sample was filtered with sterile filter paper and
gradually diluted until 10 in a test tube. Each 100 pL diluted
sample was collected aseptically, inoculated into Plate Count
Agar (PCA) media, and incubated at 28°C for 24 hours.
Colony counts in a Petri dish ranged between 30-300 Colony
Forming Units (CFU) [16], [3].

Light €O, Medium

Caustic soda

Mass cultivation of
A. platensis

Contaminant evaluation

A 4

Density cell and biomass

‘ Total protein analysis | | Total lipid analysis ‘ ‘ Pigmentation analysis ‘

Fig. 1 Schematic flow chart of methods used in this study.
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D. Total Protein Analysis

The Kjeldahl method was used to determine total protein
content. A 0.1-gram sample was placed in a Kjeldahl flask,
and 5 grams of a catalyst mixture of sodium sulfate (Na;SO4)
and CuSOs; was added (2:1). Destruction with 2 mL of
concentrated sulfuric acid (H,SO4) was heated at high
temperatures (200-600°C) until the mixture boiled and
became clear. After 30 minutes, the sample was transferred to
a distillate flask, diluted with 100 mL of distilled water, and
conditioned under alkaline conditions using NaOH. The
distillate flask was connected to the condenser and brought to
a boil so that the water vapor could be collected in an
Erlenmeyer flask containing 5 mL of 0.1 N boric acids that
had been dripped (2 drops) with a methyl red indicator.
Furthermore, 50 mL of distillate liquid was titrated with 0.02
N HCI until the solution turned pink. The volume of HCI in
the titration was used to calculate the total N content using the
following Equation (2) [17], [18]:

[%N =V HCl x N HCI x 14,008 x 100%)] )



%N: percentage of nitrogen; V HCI: volume of HCI used for
titration; N HCl: HCI normality.

E. Total Lipid Analysis

Total lipid content was analyzed using the Soxhlet method
[19], [20], [21] with a 0.5-1 gram sample (A) placed in a
porous thimble and inserted into a Soxhlet tube. After that, the
flask (the empty flask has been weighed (B)) was heated, then
100 mL of solvent (ether) was evaporated and transferred to
the condenser. This extraction process lasts for 3 hours. After
the extraction, the solvent was evaporated by drying in an
oven at 100°C for 24 hours, and the remaining lipid (C) mass
was measured and used for analysis. The total lipid was
calculated using the following Equation (3):

(C-B)

[% total lipid = n

x 100%] 3)

A: the weight of the sample; B: the weight of the empty flask;
C: the weight of the final extracted flask.

F. Pigmentation Analysis

The pigmentation was analyzed using 30 mg of dried
biomass sample dissolved and homogenized with 10 mL of
pure methanol and incubated at 50°C for 3 hours in a water
bath. Then, it was centrifuged for 10 minutes at 3000 rpm.
The supernatant was transferred to a cuvette for
spectrophotometric pigment analysis. The wavelength and
formulation for the analysis of chlorophyll, carotenoids, and
phycocyanin [22], [15] refer to Equation (4) below:

Chlorophyll @ (mg.L'") = [(16.72 % Asss,2)— (9.16 xAes2,4)]
Chlorophyll b (mg.L') = [(34.09 x Aeszs) — (15.28 x
As65,2)]
Carotenoids (mg.L'") = [(1000 A470 — 1.63 Chlorophyll a
— 104.96 Chlorophyll b) / 221]
Phycocyanin (mg.L-1) = [(A620 — 0.474A652) / 5.34]
where A is Absorbance.

(4)

G. Data Analysis

ANOVA was used to analyze all of the data from each
treatment, followed by the Duncan Multiple Range Test. The
significance of data was determined by p <0.05. All the
summarized methods are illustrated in Figure 1.

III. RESULT AND DISCUSSION

A. The Growth Rate of Spirulina

The characteristics of microalgae growth rates are highly
dependent on cultivation conditions. Microalgae cultivation
conditions need to provide a source of nutrients and energy
that can produce variations in cell density and biomass
productivity. Environmental factors in cultivation can also
influence microalgae biomass's growth and biochemical
properties [23]. The treatment of various pH parameters was
given to the Spirulina (A. platensis) cultivation media, which
was one of the variations in the conditions of the cultivation
media carried out to increase productivity. Based on the
treatment carried out, the results of measuring the growth rate
of Spirulina have been obtained, which can be seen in Figure
2.

According to Figure 2, the pH 9 treatment can increase the
growth rate of Spirulina cell density and dry biomass with the
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same pattern of result, with both of them having the highest
growth rate of Spirulina. Table 2 shows Spirulina's specific
growth rate (SGR) in all pH treatments. The highest result
shows density cell’s specific growth rate at pH 9 treatment is
(9.12+1.02%), as well as its dry biomass is (17.31+4.19
g.mL™), and the pH 11 treatment yields have the lowest result
[10]. The increased growth rates were obtained at pH 8, 9, and
10 due to the high content of HCOs;™ and the decreased
concentration of free CO; in the Spirulina culture medium,
which affected the growth rate and accumulation of a higher
rate of photosynthesis [24]. However, the decreased cell
density and dry biomass of Spirulina in pH 11 can be
explained based on Wahyuni ef al. [25] using Arthrospira
maxima cultivated with Thoriq Eko Arief (TEA) medium,
which showed the possible reduced density of the cells that
may occur because of the yellowish discoloration in the
culture that leads to the death of some cell cultures.
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Fig.2 The growth pattern of Spirulina from cell density and dry biomass in
pH treatments of 7, 8,9, 10, and 11 over 10 days of cultivation.

An experiment by Liu et al. [26] used CO2 concentration
to control pH parameters on Spirulina (A. platensis) culture
media at pH 11 had a slower growth rate than pH 9 and 10.
Based on Jangir et al. [27], the recommended pH in the
growth medium for cyanobacteria strains ranged from 9 to 9.5.
A high pH level in a culture medium can result in high
concentrations of COs?~, which can denature cell proteins and
be toxic via cellular mechanisms. The photosystem II (PS-II)
cell mechanism remains active even at very high pH levels
(pH>11), and the photosynthetic process that produces
electrons is then used for NO;™ reduction when the availability
of HCOs™ is limited [28].

TABLE II
SPECIFIC GROWTH RATE (SGR) BASED ON SPIRULINA CELL DENSITY AND DRY
BIOMASS
. v
pH Celigf:;:tﬁl,(f;m Dry Biomass (g.mL ")
7 3.55+1.21# 12.46+1.44%®
8 6.65+1.41° 15.35+6.48>
9.124+1.02° 17.31+£4.19°
10 4.07+£0.94* 13.65+3.37%
11 2.48+1.47* 6.32+£3.192

The specific growth rate of Spirulina can vary according to
the conditions of the growth factors present in the growth
medium. Spirulina can grow in freshwater (pH 7) and in
alkaline water environments at pH 9 to 11 in tropical and
subtropical regions [29]. According to these results, alkaline
pH (pH>10) favored CO, (i.e., HCO3’) consumption and



dissolution into nutrient solutions in biomass production. On
the other hand, these environmental conditions can inhibit
microalgae growth and biomass production. It is caused by a
reduction in C and P bioavailability at these pH levels due to
limited microalgae assimilation of COs;? forms, which
predominate at pH >10.33 [30]. These research results show
that the optimal pH for the maximum specific growth of
Spirulina (A. platensis) is pH 9, and the lowest result at pH 11.
According to previous studies, Spirulina is an alkalophilic
organism, but the initial pH of 11.5 can strongly inhibit
biomass production. Higher pH limited the availability of CO,
for Spirulina. This further inhibited the growth of cells. In
these studies, at an initial pH of 11, Spirulina flocks gathered
at the bottom of the cultivation. The aggregation of cells
commonly causes limited light transmission and oxygen
permeation, which further threatens the growth of Spirulina.
In these conditions, it was observed that the photosynthetic
activity became very low and the cultures gradually lost their
natural color [31].

B. Microorganism Contamination

Contaminant management in open ponds creates pond
environmental conditions that can encourage the growth of
Spirulina microalgae by reducing contaminant organisms in
the cultivation media. Several strategies have been
implemented to mitigate the impact of this contamination; the
most effective approach actively deployed in the commercial
production of microalgae using open pond technology
involves maintaining an extreme culture environment, such as
high salinity, high alkalinity, or high nutritional status. Many
strategies involve deploying a chemical into the pond that
alters the pond environment to give the target algae strain a
competitive advantage or to disadvantage the undesirable
contaminant. By manipulating the pond environment, such as
the pH of the culture environment, the growth rate of
Spirulina can be maximized while the growth rate of existing
contaminants is reduced [32].
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Fig. 3 The number of microorganism contaminations in Spirulina’s mass
culture in the 0%, 5™ and 10™ day of cultivation.

Figure 3 shows the results of contamination measurements
were analyzed using the Total Plate Count (TPC) method in
Spirulina mass culture with pH treatments of 7, 8, 9, 10, and
11 were carried out every 5 days over 10 days of cultivation.
The pH treatment for 10 days was able to reduce the number
of contaminations compared to the 0" day. The pH 9
treatment had the most significant reduction of contamination
in Spirulina culture [10]. According to Fanka ef al. [33]., the
optimal pH range for large-scale Spirulina cultivation is 9.8
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to 10.5. The benefits of an alkaline pH environment in
Spirulina cultivation can prevent contamination by bacteria
and fungi, which grow optimally in neutral or acidic pH
environments.

Based on the results obtained, the alkaline pH parameter
treatment can reduce the contamination rate of cultivation.
However, on the 5" day, there was an increase in
contamination. The cultures are gradually becoming yellow
or clear because the Spirulina cell is affected by contaminants
[34]. According to Pleissner et al. [35], compromising two or
more microbes’ environmental conditions results in
conditions that are not optimal for all microbes but are more
unfavorable to one than the other. The least affected strain will
survive. For this study, it seems that when Spirulina cells
grow slowly, they become prey for predators, which can lead
to the collapse of the entire culture. Cells grow slowly under
nutrient deficiency and light limitation and when
environmental conditions are unfavorable.

C. Total Protein Content

The total protein content of Spirulina in the pH treatments
of 7, 8,9, 10, and 11 are presented in Figure 4. The results
show that the total protein content of Spirulina increased at
pH 8, then gradually decreased at the higher level of pH (9,
10, and 11 parameters). The highest content of total protein
was (73.34£9.07%) at pH 8 treatment compared to other pH
treatments [10]. The results from this study show a nearly
similar pattern to the previous study by Mehar et al. [9], that
the maximum protein content in Spirulina was obtained at pH
8.5, which was cultivated using Zarrouk standard media. The
concentration of protein increased due to CO, metabolism in
the Spirulina cell. The CO, metabolism can use CO, and
bicarbonate as substrates for the active transport of inorganic
carbon, which accumulates bicarbonate and stimulates
internal carbonic anhydrase [36].

Protein content (%)

pH 11; 17,29

pH 7; 67,58%
pH 10; 49,42°

pH 9; 64,780
pH 8; 73,34¢

Fig. 4 The total protein content of Spirulina in pH treatments of 7, 8, 9, 10,
and 11.

Spirulina's decreasing total protein content occurred at the
higher level of pH treatment or alkaline conditions in culture.
Environmental conditions with high alkaline levels will
increase the concentration of OH™. The OH™ ions will attack
the cell wall structure, causing it to become looser and the
cellular components to be released more easily. Sequentially,
proteins are released in the aqueous phase. However, the
higher concentration of OH™ will attack the cell wall
molecules, causing them to lose their integrity, so the protein
is more easily degraded. In the aqueous phase, high protein
content occurs at a pH level of 7.0 to 14.0 [37]. The decrease



in the protein content of Spirulina when the pH is too high
(pH < 11) can denature the protein cells, or the high
concentration of COs*" in Spirulina growth media can be toxic
in a cell mechanism [28].

D. Total Lipid Content

Figure 5 shows the total lipid content of Spirulina
cultivated for ten days with pH 7, 8, 9, 10, and 11. It found a
significant increase in lipid content, and the highest result
(0.0507+0.0047%) was at pH 9 [10]. The result of increasing
total lipid content has also been previously reported by
Eldiehy et al. [38], stating that Spirulina under alkaline
conditions (pH 9) significantly increases lipid productivity.
Based on Mehar et al. [9], at pH 8.5 using standard cultivation
conditions (Zarrouk’s media), Spirulina lipid accumulation
occurred optimally. Spirulina’s lipids are known to have
important nutraceutical compounds due to gamma-linoleic
acid. Based on the studies that have been carried out, the total
lipid content of Spirulina is smaller than the total protein
content. Spirulina’s low lipid content occurs because cells
modulate carbon flow for carbohydrate synthesis, thus
preventing lipid accumulation [36].

The pH treatment under alkaline conditions in Figure 5 has
higher yields than the pH 7 treatment. At alkaline pH or high
pH, there is a bicarbonate content that benefits lipid
accumulation. Spirulina lipid accumulation depends on the
environmental conditions of the culture. Under stress
conditions (e.g., nitrogen starvation, extreme salinity, extreme
pH, abnormal temperature, or high light penetration), cells
can divide actively to store energy in the form of lipids. The
lipid content also depends on its cell size, and species with
larger cell sizes and broad tolerant properties could increase
biomass and lipid content. According to Cahyani et al. [39],
lipid content differed in each growth period and the diversity
of species in the culture. In a previous study by Peng et al.
[40], freshwater microalgae Neochloris oleoabundans
cultivated with a combination of 160 mM NaHCO; and a
cultured control pH of 9.5 can allow the accumulation of
lipids with high cell productivity and prevent contamination
of protozoa that may be present in cultivation.

Lipid content (%)

pH 7: 0,01660

pH 11; 0,0484° pH 8; 0,0126°

pH 9; 0,0507"

pH 10; 0,0408*

Fig. 5 The total lipid content of Spirulina in pH treatments of 7, 8, 9, 10, and
11.

E. Pigmentation

The chlorophyll, carotenoids, and phycocyanin contents of
Spirulina in the pH treatments 7, 8, 9, 10, and 11 are presented
in Figures 6a, 6b, and 6c¢.
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Based on Figure 6a results, the pH 8 parameter treatment
showed the highest content of chlorophyll a (17.38+1.43
mg.L™Y), chlorophyll b (2.52+0.99 mg.L™"), and total
chlorophyll (19.90+1.04 mg.L™'). However, the pH 11
treatment showed the lowest content of chlorophyll a
(2.7440.71 mg.L'"), chlorophyll b (0.45+0.43 mg.L!), and
total chlorophyll (3.1940.68 mg.L™!) [10]. These results
follow previous research by Ismaiel et al. [41] that pH 8-8.5
has the highest chlorophyll content but low results in the other
pH treatments. The decreased content of chlorophyll a is
primarily due to a decrease in the free carbon dioxide
concentration in the medium at high pH (>10) because at this
pH, the carbonate form predominates, and the bicarbonate
form is the one utilized by Spirulina [42].
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g pH 7 pH 8 pH 9 PH 10 pH 11
® total chl 8,86 19,90 11,71 10,86 3,19
®chlb 0,65 252 0,63 1,02 0,45
chla 8,22 17,38 11,08 9,84 2,74

Fig. 6a The chlorophyll contents of Spirulina in pH treatments of 7, 8, 9, 10,
and 11.

Chlorophyll « is also found to be much more abundant than
chlorophyll 4. This finding supports the important role of
chlorophyll a as an antenna for capturing light required for
photosynthesis [43]. The process of photosynthesis at high pH
significantly affects the absorption and utilization of
dissolved organic carbon (CO,+HCOs") by Spirulina cells
[44]. High pH in the media culture will affect the decreased
pigment content, which can be explained if bicarbonate is the
only source of carbon. Bicarbonate raises the pH of the culture
and eventually causes free CO, concentrations to become
limiting. Because of the stress from carbon dioxide deficiency
at the high pH, the free radicals or ROS levels in algal cells
may increase, which causes the algal cells to undergo
oxidative stress [41].

Carotenoid (mg.L")

pH 11; 1.76°

pH 7; 5,280

pH 10; 6,10t

pH 8; 6,57

pH 9; 7,78¢

Fig. 6b The carotenoid contents of Spirulina in pH treatments of 7, 8, 9, 10,
and 11.

Figure 6b shows that the highest carotene content was in
the pH 9 treatment (7.78+0.70 mg.L!). However, the pH 11



treatments show the lowest carotene content (1.75+0.44
mg.L!) [10]. The pH 9 treatment in this study can
significantly increase Spirulina’s carotene content because of
its optimal pH in photosynthetic and respiratory capacities.
Photosynthetic and respiratory capacities are related to the
enzymatic activity for biosynthesis and the production of
several important chemical substances such as carotene and
tocopherols [45]. Based on this study, pH 9 was the maximum
value for increasing carotenoid. In the previous study by
Khalil et al. [46], using Dunaliella bardawil species has the
maximum value in the pH 7.5 treatment. Meanwhile, the
carotene content significantly decreased in the lower or higher
pH values. The effect of medium pH on pigmentation
indirectly exerts growth and physiological changes rather than
a direct effect on carotenoid biosynthesis.

Spirulina naturally contains antioxidants, one of which is
carotene, a source of dietary supplements with therapeutic
characteristics [41]. Several studies have shown that
carotenoids are important antioxidants in microorganisms,
and oxygen radicals are important inducers of carotenoid
biosynthesis. It can be concluded that the pH of the medium
can affect the formation of reactive oxygen species (ROS),
which in turn will affect the quantity and composition of
carotenoids in Spirulina [46].

Phycocyanin (x10 mg.L)

pH 11;2,42¢

pH 7; 3,74

pH 10; 427

pH 8; 5,83

pH 9; 6,35

Fig. 6¢c The phycocyanin contents of Spirulina in pH treatments of 7, 8, 9,
10,and 11.

Figure 6¢ shows that the phycocyanin yield increased to a
maximum at pH 9 (0.0064+0.0012 mg.L ") and then gradually
decreased to the lowest yield at pH 11 (0.0024+0.0021 mg.L ™)
[10]. Spirulina contains phycocyanin, a pigment that is
extremely sensitive to alkaline or high pH [27]. The presence
of salt and alkaline stress in Spirulina’s natural habitat causes
genetic and physiological tolerance. According to Mehar ef al.
[9], a comparison of several pH treatments given in Spirulina
culture revealed the best metabolite production at pH 9.5. In
fact, a high pH is associated with a high CO, gradient under
alkaline conditions and the possibility of free CO, from the
atmosphere.

IV. CONCLUSION

This study shows that pH modification to alkaline slightly
decreased the microorganism contamination in the mass
culture of Spirulina. Spirulina’s growth rate increased
significantly when the pH level was raised to 8-10.
Nonetheless, pH levels 8 and 9 are significantly more suitable
candidates for maximum Spirulina metabolite yields. The pH
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level of 11 is significantly lowermost than the yield of
Spirulina and only suitable for maximizing lipid content.
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