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Abstract:
The one-celled cyanobacterium Spirulina is commercially produced for its uses in
aquaculture and agriculture and its various health benefits. Spirulina naturally grows
in ponds, rivers and lakes mostly in tropical-sub tropical regions. Spirulina in mainly
used as a food supplement for human consumption. As of today, Spirulina is grown in
expensive, environmentally unfriendly potable water. In this research paper the
possibility of growing high protein content Spirulina in saline water will be discussed.
To accurate assess the possibility of growing Spirulina in saline water, two
experiments were conducted. Experiment 1 was conducted to directly show the effect
of water temperature and salinity on the growth rate and protein production of
Spirulina Platensis. The growth rate of algae that were grown in warm water was
significantly higher than algae grown in cold water. A pattern of increased protein
production occurred in treatments with increased salinity, as long as the algae were
grown in warm water. In order to put these findings to the test in natural conditions,
experiment 2 was conducted. In this experiment, natural Mediterranean seawater was
used. According to the results of this experiment, Spirulina can be grown in
Mediterranean seawater if nutrients are added, however this can result in additional
problems. High salinity treatments result in poor cells growth due to osmotic stress. In
addition, the usage of natural seawater instead of artificial seawater, adds more
difficulty, for example, the ingredients in the seawater can react with crucial added
nutrients, creating unwanted substances in the treatments. Nevertheless, Growing
Spirulina in natural seawater, or at least partially, has tremendous environmental and
economic benefits. Economic benefits include lower production cost due to the
reduction of expensive potable water. Environmentally, the reduction of potable water
usage decreases the need for water from natural resources. In addition, less energy
will be wasted on desalination of water. Our results pave the way to further research
that might allow a commercial Spirulina production based on sea water alone.
Research goal: To assess the possibility of growing high-quality Spirulina Platensis
in saline water.
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1. Introduction and Literature review
Background:
The one-celled cyanobacterium Spirulina is commercially produced for its uses in
aquaculture and agriculture and its various health benefits. Although some Spirulina
products are associated with microcystincs toxins, potentially posing certain risks,
(Gilroy et al. 2000), three species are FDA approved for human consumption
(Spirulina platensis, Spirulina fusiformis and Spirulina maxima) (FDA site). As of
today, spirulina is mainly used as a food supplement for human consumption. It is
now being researched as a potential source of protein in the livestock feed industry,
however in order to accomplish that goal, growth conditions must be optimized in
order to reduce resources and cost (personal communication with N. Tzur - VP
nutrition AMBAR factory). The main focus of this research paper is to assess the
possibility of growing spirulina in seawater instead of expensive potable water.
Literature review
Spirulina:
Spirulina naturally grows in ponds, rivers and lakes all over the world, mostly in
tropical- sub tropical regions. Spirulina is sensitive to natural conditions such as
temperature and water salinity (Sili et al. 2012).
Spirulina is commercially produced for its uses in aquaculture and agriculture and its
high nutritional value (Otleş and Pire 2001). Because of its high protein percentage,
Spirulina is used in animal agriculture. Spirulina has been known to be consumed
personally for its various health benefits such as inhibition of cancerous cells (Suda,
D., Schwartz, J., & Shklar, G. 1986) ,beneficial effects of Spirulina supplementation
on type 2 diabetics and antiviral activity (Hernández-Corona, et al)
An example of a facility that produces Spirulina is a Hawaiian farm named "Nutrex
Hawaii". They produce high quality Spirulina for personal use. This company grows
Spirulina in a mix of potable water and deep sea water. Another facility that produces
Spirulina commercially is Abundance, an Israeli company.
Growth conditions:
In order to mass produce Spirulina, appropriate growth conditions must be supplied.
Light: An early study to check the effects of light on Arthrospira maxima was
conducted by Zarrouk (1966); he concluded that the growth rate reached a maximum
when grown under a light irradiance between 25 and 30 klux (340–400 µmol photon
m –2 s –1). However, the strain used in the research and the method of the light
measurements were not specified, making it difficult to compare to later studies that
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showed that growth becomes light-saturated in the range of 150–200 µ mol photon m
−2 −1
s (Bocci et al. 1980, Sili, et al. 2012);
Temperature: Spirulina shows an optimum growth between 35 and 37 °C under
laboratory conditions (Habib et al. 2008)
pH: The higher the pH and the conductivity of the water, the greater the likelihood of
a predominance of Spirulina (habib et al. 2008).
Salinity: The waters in which Spirulina grows have salinity levels of at least 37 g L-1.
However, Spirulina has been found at salinity levels ranging from 8.5 to 200 g L−1
(type of salt not specified) (Sili, et al. 2012). Optimal saline levels for effective
growth of Spirulina vary drastically and depends on salts composition (e.g. NaCl,
NaHCO3…) (Vonshak and Richmond 1981). High salinity levels were shown to have
negative effects on the growth rate in the species Spirulina platensis (Tambiev et al.
2011). Former research suggests that a high salinity percentage has negative effects
on growth rate, biomass and protein content. However, a high salinity percentage has
a positive effect on carbohydrate and lipid content. (Rafiqul et al. 2003). Salinity
higher than 3% decreased photosynthesis of Sprirulina (sili, et al. 2012). No Spirulina
has been found to grow naturally in salt water. However, according to previous
reports, when an adequate supply of bicarbonate, Nitrogen and Phosphorous, together
with a suitable pH and salinity, are provided, Spirulina species can be grown in
seawater (Tredici et al. 1986). Although Spirulina can be grown in salt water, the
biomass productivity attained is about 36% less than in Zarrouk's medium. The
biomass grown in seawater had a reduced protein content (13%) (Sili et al. 2012).
The effect of salinity on microorganisms/cells
Osmoregulation is the ability of a cell to maintain homeostasis by coping with the
changing osmotic pressure of its environment. The cell maintains a concentration of
salt to keep fluids from becoming too concentrated or diluted.
High salinity treatments result in poor cells growth due to osmotic stress. Water
diffuses away from areas with low salinity levels into areas with high salinity levels,
thus balancing the solution. Cell membranes are permeable to water diffusion
(osmosis) but do not allow salt to pass. This system makes the cell very susceptible to
negative effects of salinity. The cell membrane contains receptors that allow the cell
to "choose" which substances are let in and which are not. If the cell encounters a
hypotonic environment, water will diffuse and penetrate the cell membrane, causing
the cell to swell, and in some cases even explode (deplasmolysis). If the salinity
percentage of the environment of the cell is too high (hypertonic environment), water
will diffuse out of the cell (plasmolysis), causing the cell to shrink and die (fig. 1). In
order to provide protection against osmotic rupture, many bacteria have cell walls
which limit the swelling of the cell. (university of Hawaii website).
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Figure 1: Osmotic pressure on red blood cells

(taken from Wikipedia – osmotic pressure)

Seawater composition
Natural seawater, in comparison to artificial seawater (with equal salinity levels),
contains additional factors (table 1) that might affect the growth and protein
production of the algae.
Table 2: salinity composition of sea water (Turekian 1968)

Chemical ion
Chloride Cl
Sodium Na
Sulfate SO4
Magnesium Mg
Calcium Ca
Potassium K
Bicarbonate HCO3
Bromide Br
Borate BO3
Strontium Sr
Fluoride F

part of
salinity %
55.03
30.59
7.68
3.68
1.18
1.11
0.41
0.19
0.08
0.04
0.003
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2. Research approach and thesis
Research approach:
It was accidentally observed in the ecological greenhouse Ein Shemer that Spirulina
can be grown under high salinity concentrations (3%) with a protein content of 65%.
Preliminary experiments also showed higher growth rates of Spirulina with the
addition of 2% NaCl in comparison to fresh water medium while grown in ambient
winter temperatures (personal communication with Gal Dishon – scientific manager,
the ecological greenhouse). We want to propose further, and more in depth, research
on the effect of salinity on growth rate and protein content on Spirulina. The outcome
of this research can potentially be the ability to produce Spirulina in cheaper and more
environmental friendly growth conditions (the use of seawater instead of fresh water),
as well as possibly saving heating energy during cold seasons.
Research question: In which ways do salinity and temperature affect the growth rate
and protein content in Spirulina Platensis.
Hypothesis: Salinity will have a negative effect on the growth rate and protein
production of Spirulina Platensis due to osmotic stress. Treatments grown in warm
water will have a higher growth rate than treatments grown in cold water.
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3. Methods
Pre-experiment
A pre-experiment was conducted in order to research the effect of salinity on the
growth rate and protein content of Spirulina Platensis.
On the 16.12.16 three bottles for algae production were prepared. One with 0%
salinity, one with 1% salinity and one with 3% salinity.
The growth medium in all three bottles consisted of 1 liter water, 10 gram of baking
soda (NaHCO3), 1 ml of fertilizer and 200 ml culture of the strain Spirulina Platensis.
The algae were grown in these conditions for a total of three weeks.
There were no replicates because this was a pre-experiment, however we found that
the Spirulina Platensis that grew in 3% salinity was the most condense.
Exp. 1: The effect of water temperature and salinity on Spirulina:
1. Spirulina was grown in 4 salinity treatments (0, 1, 3 and 4%) and 2
temperature treatments ("natural winter" and "24 deg C"). The set up
contained all combinations of salinity and temperature treatments (4X2=8
treatments) in 3 replicates (8X3= 24 bottles).
2. Spirulina density was measured twice a week for a total of three weeks (until
maximal densities occur) as specified in the "measurements" chapter below.
3. At the end of the experiment, the algae were filtered, washed, dried and
protein contents were measured by Ambar factory.
Experimental setup:
Four containers (7 liters) of culture were prepared. Each treatment consists of three
replicates (pictures 1-4).
The growth medium in all bottles consisted of 1 liter water, 10 gram of baking soda, 1
ml of fertilizer, 200 ml of the strain Spirulina Platensis and an appropriate amount of
NaCl (according to treatment)
Bottles 1-3 contain 0% salinity and were grown in cold water
Bottles 4-6 contain 0% salinity and were grown in warm water
Bottles 7-9 contain 1% salinity and were grown in cold water
Bottles 10-12 contain 1% salinity and were grown in warm water
Bottles 13-15 contain 3% salinity and were grown in cold water
Bottles 16-18 contain 3% salinity and were grown in warm water
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Bottles 19-21 contain 4% salinity and were grown in cold water
Bottles 22-24 contain 4% salinity and were grown in warm water
All bottles were connected to air tubes providing mixing and gas exchange. "Cold"
bottles were held in ambient winter temperatures and "warm "bottles were kept in a
heated transparent aquarium (picture 1).

Picture 6: Experiment setup of experiment 1. The aquarium contains a heater. A plastic tube is inserted into all
bottles to provide air (gas exchange) and circulation of the liquid.

Picture 7: Sign of experiment 1
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Picture 8: Setting up the experiment. Dividing equal parts of Spirulina into four different salinity levels

Picture 4: Setup of experiment 1

Independent variables: Water salinity, water temperature
Dependent variable (and measurements procedures): Growth rate was assessed by
measuring algae density using dry weight and optical density along the experiments.
Protein content was measured by the Ambar factory. The algae were washed, filtered
and dried in the microwave. Ambar performed the protein measurements
Environmental variables: ambient temperature and light in the experimental set-up
were monitored continuously using Fourier's NOVA 5000 Data logger equipped with
temperature and light sensors.
Replicates: all experimental treatments consisted of 3 bottles as replicates. Due to the
microscopic nature of Spirulina, each sample contains many millions of individuals.
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Exp. 2: Can Spirulina be grown efficiently in Mediterranean Sea water?
a. After reviewing the results of experiment 1 undiluted seawater was
used for experiment 2.
b. The treatments were:
i. Sea water
ii. Sea water + nutrients
iii. Artificial sea water (tap water+ 4% NaCl, according to Exp. 1)
iv. Fresh water (control)
Each treatment contains 3 replicates (3X4= 12 bottles) (pictures 5-7).
c. Spirulina density was measured twice a week for three weeks
d. At the end of the experiment, protein contents were not measured due
to lack of enough dried biomass of the Spirulina.
e. Experiment 2 was conducted three times in total due to damage to
treatments.

2.1
Due to accidental damage to two of the bottles grown in sea water +
nutrients, this treatment was not taken into account in the results. The
results of the remaining treatments are still valid and shown.
2.2
The air providing tube that was inserted into the bottles stopped
providing air to the artificial seawater treatment, therefor this
experiment had to be conducted a third time. The results of the
remaining treatments are still valid and shown.
2.3
While attempting to measure the biomass of the Spirulina grown in this
experiment, a white powder was visible in the liquid. Due to this
occurrence, the ABS values were apparently too high. This is because
the powder absorbs light. This powder could have possible been
created due to the added nutrients (bicarbonate) reacting with seawater
ingredients (probably Calcium). This can produce a calcium carbonate
mineral (the white powder appearing in the bottle) The seawater +
nutrients results are not completely reliable due to this, however, the
remaining treatments are valid.

12

Picture 5: Bottles 4-6 from experiment 2 (seawater + nutrients)

Picture 6: Bottles 7-9 from experiment 2 (artificial sea water)

Picture 7: Bottles 10-12 from experiment 2 (fresh water)

*All work described here was done by Noam Kozik, except of some protein samples
that were delivered to Ambar factory to accurately conduct protein measurements.

Measurements
Protein measurements
At the end of the experiments all three bottles of each treatment were filtered on a 100
micron filter. The filtered algae were washed several times with clean tap water. The
13

remaining algae were dried using a microwave and put into clean petri dishes. The
algae were brought to the Ambar factory laboratory for accurate protein analysis. The
algae grown in the second experiment did not produce enough biomass to conduct
accurate protein measurements (In order to conduct measurements in the Ambar
laboratory 2 grams of algae must be produced).

Picture 9: The filtered algae were places on a ceramic plate and dried in the microwave.

Biomass estimation
Throughout both experiments, the biomass was estimated by measuring the light
absorption (ABS) (at 680 nanometer) using the spectrophotometer. Clear tap water
was used to reset the light absorbance of the machine, producing an accurate
measurement. Samples were shaken before measurement to prevent the algae from
sinking to bottom of the cuvette. The cuvettes were put into the spectrophotometer
and the light absorbance was measured.
Since absorption is not a direct measurements of biomass, the dry weight of some
samples were additionally measured (pictures 8-9). GFF (glass fiber filters) were
dried and weighed in 0.001 accuracy. On these filters 100 ml of spirulina were filtered
and dried once again (using a microwave oven). After drying, filters were weighed
and biomass was calculated as the difference between initial to final weight. Results
in grams were multiplied by 10 to get the wanted values of grams/liter.
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Picture 10: measuring Spirulina to perform measurements.

Microscope
In order to analyze morphological changes in the algae, microscopic examination was
performed on samples in X40, X100 and X400 magnifications.

Data analysis:
Optical Density (OD680nm) as measure of biomass concentration in cultures was be
correlated with dry weight measurements to produce a calibration curve using a trend line in
XY scatter plot in Excel (figure 2).

Figure 2: Calibration of the spectrophotometer (OD680) and dry weight measurements.

Spirulina density and protein content data were presented in Excel graphs. All replicates were
averaged and standard deviation was calculated and presented as error bars.
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4.Results
Experiment 1
The effect of salinity and water temperature on the growth rate and protein
content of Spirulina Platensis:

Effect of water temperature on growth rate:
When comparing the density results of the treatments that were grown in warm water
(BOTTLES 4-6) to cold water (BOTTLES 1-3), it was found that the treatments that were
grown in warm water grew significantly faster (figures 3,4).

Figure 3: Results of experiment 1 The effect of salinity on growth rate of Spirulina Platensis in cold water. The
blue line represents the treatments grown in 0% salinity. The red line represents the treatments grown in 1%
salinity. The green line represents the treatments grown in 3% salinity. The purple lines represent the treatments
grown in 4% salinity. Every point on the lines represents the average of the three bottles used in each treatment.
The error bars represent the standard deviation.
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Figure 4: Results of experiment 1 The effect of salinity on growth rate of Spirulina Platensis in warm water. The
blue line represents the treatments grown in 0% salinity. The red line represents the treatments grown in 1%
salinity. The green line represents the treatments grown in 3% salinity. The purple lines represent the treatments
grown in 4% salinity. Every point on the lines represents the average of the three bottles used in each treatment.
The error bars represent the standard deviation.

Effect of water temperature and salinity on protein production:
Treatments grown in 0% salinity preferred cold water in terms of protein
production.
Treatments grown in 1% and 3% salinity had a slight preference for warm
water in terms of protein production.
Treatments grown in 4% salinity show a slightly higher protein
production in cold water, however, these results are not fully reliable due
to low biomass of the sample (Appendix A).
A pattern of increased protein production occurred in treatments with
increased salinity, as long as the treatments were grown in warm water.
(from 39% to 57% protein content in 0%-3% salinity, accordingly)
(figure 5).
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Figure 5: results of experiment 1: The effect of salinity and water temperature on protein content of Spirulina
Platensis. Red bars represent the protein content of Spirulina grown in warm water. The blue bars represent the
protein content of Spirulina grown in cold water. Results of 4% salinity are not fully reliable due to low biomass of
the sample.

The effect of salinity on the growth rate of Spirulina Platensis:
Treatments that were grown in 0% salinity had the highest growth rates, however
moderate salinity levels (1-3%) only had a slight negative effect on the treatments.
The growth rate of treatments that were grown 4% salinity was substantially lower.
However, treatments that were grown in 4% salinity and warm water, had a higher
growth rate than treatments grown in 4% salinity and cold water (figures 3,4)

The effect of salinity on the morphology of Spirulina:
Salinity affects the morphology of Spirulina Platensis, as was accidentally observed
while viewing samples of treatments under a microscope. When spirulina is grown in
0-1% salinity, the spirulina is curled. However, when salinity levels go up the
spirulina becomes straight (figure 6).
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Figure 6: Microscopic pictures taken fourteen days after the start of the experiment. Microscopic pictures were
only taken of treatments grown in warm water due to low concentration of algae in the cold water treatments.

Experiment 2.1
The first experiment showed that Spirulina does grow in artificial seawater, to a
certain level of salinity where the Spirulina starts to be negatively affected. The
Spirulina grown in artificial seawater kept a normal growth rate and produced a
normal amount of protein, as long as the salinity level stayed below 4%.
In the second experiment that was conducted, natural Mediterranean seawater was
used to grow Spirulina, in order to find out if the results of the first experiment would
repeat themselves in natural conditions, rather than artificial ones.

Figure 7: Results of experiment 2.1 Can Spirulina be grown effectively in Mediterranean sea water? The blue bar
represents the treatments grown in sea water. The red bar represents the treatments grown in sea water + added
nutrients. (the results of this specific treatment are not reliable due to accidental damage to two of the bottles,
therefor this bar lacks a standard deviation) The green bar represents the treatments grown in artificial seawater.
The purple bar represents the treatments grown in fresh water.

Algae grown in natural seawater showed a significantly lower growth rate than algae
grown in artificial seawater (+nutrients) or fresh water. On average, the growth rate of
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algae grown in artificial seawater was slightly higher than algae grown in fresh water,
however this difference is not significant, as can be seen by the standard deviation on
the graph. Due to accidental damage to two of the bottles grown in sea water +
nutrients, this treatment does not have replicates and is illegitimate. The results of this
partial experiment are still shown for the purpose of repetition.

Experiment 2.2
Due to lack of enough Mediterranean Sea water harvested from the sea, the second
attempt at this experiment also lacks the "Sea Water +nutrients" treatment.

Figure 7: Results of experiment 2.2 Can Spirulina be grown effectively in Mediterranean sea water? The blue bar
represents the treatments grown in sea water. The green bar represents the treatments grown in artificial
seawater. The purple bar represents the treatments grown in fresh water.

Due to air supply damage, this experiment lasted only 8 days and might not be fully
reliable (figure 7)
Experiment 2.3
Treatments that were grown in Mediterranean seawater and contained added nutrients
measured the highest growth rate (figure 8).
Treatments grown in artificial seawater measured growth as well.
Treatments grown in fresh water measured growth, but not as high as the treatments
that contained Mediterranean seawater + nutrients. However, these treatments seemed
to contain a white substance, it can be assumed that it is from the added nutrients,
which made it extremely hard to correctly measure the growth rate. Any attempt to
separate the Spirulina from the white substances was unsuccessful.
20

Figure 8: results of experiment 2 (The effect of salinity in natural seawater on the growth rate of Spirulina
Platensis). The red bar represents the treatments grown in sea water + added nutrients. The green bar represents
the treatments grown in artificial seawater. The purple bar represents the treatments grown in fresh water * Due
to accidental spillage of the seawater, there was only enough to use for the sea water + nutrients treatment, thus
the natural sea water treatment is not included.

The results of experiment 2 show that the sea water + nutrients treatments had the
highest growth rate on average (multiplied its densities by 6 within five days)
The other treatments showed significant growth, with no significant differences
between each other.
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7. Discussion
This study was conducted to assess the possibility of growing high protein level
Spirulina in Mediterranean seawater. Growing Spirulina in (part) seawater decreases
the overall cost of production and resource usage. This reduces the ecological
environmental footprint and might also make the option of using Spirulina to feed
animals economically feasible.
The first stage of this research was to isolate the variables (temperature and NaCl
salinity) in order to find out which affects the growth rate and protein production
directly.
The effect of salinity on growth rate and protein production:
Even though the growth rate decreased gradually when salinity was increased, it is
still possible to grow Spirulina in 1-3% salinity, but when reaching 4% salinity, a
significant decrease in the growth rate occurs (figure 3,4). However, protein
production was not negatively affected by a 1-3% salinity levels (figure 5). These
findings contrast with previous publication showing negative effect of salinity on
Spirulina protein content (Rafiqul et al. 2003) and suggest a high performance of
osmoregulation is Spirulina. This is beneficial to commercial production of Spirulina
because of the fact that the algae are able to survive in high salinity (NaCl)
environments (equivalent to 75% seawater) and produce a high protein content.
The effect of temperature on growth rate and protein production:
The growth rate was drastically higher in warm water treatments (figures 3,4). Algae
grown in warm water also produces a slightly higher protein content than treatments
grown in cold water (figure 5), except for the treatments grown in 4% salinity. It is
possible that the low protein content measured in this salinity is because those
treatments did not produce enough algae biomass to perform a valid protein
measurement (Appendix A).
Spirulina grows naturally in tropical climates (Sili, et al. 2012), thus the results are
fitting. The increase in growth rate of the Spirulina in warm water might be due to
increased cell division, a result of growing algae in high temperatures (within the
appropriate range). These findings emphasize the importance of water heating and the
difficulty of producing Spirulina in cold climates.
The effect of salinity on morphology:
When spirulina is grown 0-1% salinity, the spirulina is curled. However, when
salinity levels go up the spirulina becomes straight (figure 6). This phenomenon might
be an adaptation of the algae to high salinity environments, characterized by high
buoyancy.
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Growing Spirulina in Mediterranean Sea water
Following the results of experiment 1, showing that the growth rate of Spirulina only
decreases slightly when grown in 3-4% artificial saline water (figure 4), and is not
affected at all when grown in 1% salinity, experiment 2 was conducted in order to
assess the possibility of producing Spirulina in natural seawater.
According to the results of experiment 2 (figure 8) Spirulina can be grown in natural
seawater if nutrients (mainly bicarbonate, nitrogen and phosphorus) are added.
However, these findings are not completely reliable due the occurrence of a white
powder in the liquid containing the Spirulina, interfering with accurate ABS and dry
weight measurements. This might be due to the added nutrients (bicarbonate) reacting
with the seawater ingredients, however without added nutrients, the growth rate
decreases significantly (figure 8). If further research on this topic is conducted,
solutions might be found to the occurrence of the white powder. For example, the
seawater ingredients reacting with the bicarbonate might get filtered out, or a way will
be found to filter out the white powder from the Spirulina, something that was
unsuccessfully attempted while conduction the measurements in experiment 2.
In order to implement the findings of both experiments in commercial Spirulina
production further research must be conducted. Growing Spirulina in natural
seawater, or at least partially, has tremendous environmental and economic benefits.
Growing Spirulina in natural seawater results in economic benefits such as reduced
production costs due to minimalizing the usage of expensive potable water.
Environmentally, the reduction of potable water usage decreases the need for water
from natural resources. In addition, less energy will be wasted on desalination of
water. Our results pave the way to further research that might allow commercial
Spirulina production based on sea water alone.
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