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Abstract

The article discusses cyanobacteria of the genus Spirulina, in particular Spirulina subsalsa,
and their cultivation in low-cost media using agricultural fertilizers as a source of nutrients. It
is mentioned that Spirulins are widely used in various biotechnological applications due to
their high content of proteins, vitamins, minerals and antioxidant pigments.

It is noted that the morphological characteristics of Spirulinas may vary due to factors such as
cultivation conditions, which may lead to errors in their taxonomic identification. Despite this,
its potential in medical applications is highlighted, such as in the treatment of cancer,
hyperlipidemia, kidney and liver diseases, diabetes and neurodegenerative diseases.

The study describes the isolation and identification of Spirulina subsalsa from water samples
from the Clavellinos reservoir, Venezuela, as well as its subsequent cultivation in media
enriched with agricultural fertilizers at different nitrogen concentrations. Parameters such as
population growth, biochemical composition, and pigment content of cultured cyanobacteria
are evaluated.

The results show that Spirulina subsauce grown in low-cost agricultural environments has
similar nutritional values to those obtained with the conventional Zarrouk medium, suggesting
its potential use in the biotechnology industry and in aquaculture as feed.
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INTRODUCTION

Cyanobacteria or blue-green algae comprise a heterogeneous group of photoautotrophic
prokaryotes (VAN-D!EN-HOEK ET AL., 1995) with broad biotechnological application
(ENCARNACAO et al., 2015; SOMMELLA et al., 2018). Within this group, the genus Spirulina
stands out, often confused with Arthrospira, although it is now fully clarified that they
correspond to two totally different genera (ALl & SALEH, 2012). A series of characteristics are
used for its classification, such as shape, size of the filaments, shape of their trichomes and
coils, among others; however, these characteristics may vary due to morphological changes
induced by factors such as cultivation conditions as well as phenotypic plasticity, sometimes
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leading to errors in the taxonomic identification of strains (LYRA et al., 2001; VALERIO et al.,
2009).

Species of the genus Spirulina grow in alkaline media and possess spiral or helical
filaments, and are widely used as a source of proteins, vitamins, and minerals, such as anti-
cancer drugs (FEDOROV et al., 2013; OUHTIT ET AL., 2014), HYPERLIPIDEMIA (Deng & CHOw,
2010), kidney and liver damage (GALLARDO et al., 2011; RODRIGUEZ ET AL., 2012), DIABETES
(Layam & KAsI, 2006) and different neurodegenerative diseases (SALVADOR et al., 2011).

Likewise, Spirulina possesses a variety of pigments: carotenoids, xanthophylls,
chlorophyll, and phycobiliproteins (SAINI et al., 2018), which are influenced by temperature
(Lee ET AL., 2012; PANDEY & TIWARY, 2010; UsLU et al., 2011 ), light intensity (Lee ET AL.,
2012; PANDEY & TIWARY, 2010; RAVELONANDRO et al., 2011), nitrogen concentrations
(Colla ET AL., 2007a; CoLLA et al., 2007b; UsLu et al., 2011), among others.

Similarly, microalgae of the genus Spirulina are high-protein sources, rich in vitamins,
essential amino acids, minerals, essential acids (gamma-linolenic acid), and antioxidant
pigments such as carotenoids (BELAY et al., 1997, SORIANO, 2017). In addition to having a
high nutritional value, they have immunomodulatory function and affectivity proven to protect
against radiation (TAKEUCHI et al., 2002).

Spirulina cultures are usually performed in fresh water and with expensive culture media due
to the inclusion of a large number of analytical-grade salts. These media include the Zarrouk
(ZARROUK, 1966), Spirulina (AIBA & Ogawa, 1977), BG-11 (Rippka, 1988) AND SOME
MODIFIED MEDIA (Amala & Ramanathan, 2013; KuMARI et al., 2014a; KUMARI et al., 2014b).
This situation has led to the search for alternative sources of crop media that include the use of
agricultural fertilizers, in order to make it possible to obtain high yields of biomass at low cost.

In this vein, KUMARI et al. (2014A), COMPARED A MEDIUM ENRICHED WITH NPK
10:26:26 AND Zorrouk medium, for the culture of S. platensis, finding excellent results with
respect to growth rate, nitrogen fixation rate, and protein and lipid accumulation. AMALA &
RAMANATHAN (2013) compared the growth and biochemical composition of S. platensis
grown in alow-cost medium, called RME, formulated with NaNO3 and K2HPO4, and Zarrouk
medium, reporting that there were no differences in biomass content, chlorophyll contents, and
protein and lipid contents, in Spirulina strains grown with both media. SOPANDI et al. (2020),
worked with S. platensis with goat manure as a culture medium showing in their results a
higher growth of S. platensis of 2.425+0.097¢/L at a concentration of 75 g/L. The protein
content in S. platensis was greater than 75 (62.56 + 6.04%) g/L, however, lipids and
carbohydrates in S. platensis presented the highest contents at the concentration of 25 g/L (7.86
+1.16%-27.69 + 1.78%).

In addition to nutrients, there are other environmental factors that influence the growth
and chemical composition of Spirulina, such as: temperature, pH, and lighting, among others
(CouTEAU, 1996). Knowledge of the physiological characteristics and specific requirements
of each microalgal strain is of utmost importance, as it would maximize its biotechnological
potential.

In this regard, LN.CITLALLI (2021) found that temperatures and lighting influence the
growth and biochemical components of Arthrospira maxima, showing that the maximum
biomass value was 1.07 g/L, while the percentage of proteins were 40.42+ 7.9%, carbohydrates
51.86% and lipids of 6.1 £ 0.25%, when cultured with a Light intensity of 150 pmol
photons/m2-s and with photoperiod of light 12 h of light: 12 h of darkness and temperature of
25°C. On the other hand, MATEuUccCI (2018) worked with Arthrospira (Spirulina) plantis
LMPABL5", at a temperature of 26 + 2°C and a light intensity of 34 uE.m-2.s-1, reporting
maximum values of final biomass 2.10 + 0.02 9" and proteins 22%.

Taking into consideration the above approaches and related to the economic
importance of Spirulina, the evaluation of the growth, chemical components and pigment
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content of Spirulina subsauce grown with agricultural fertilizers at different nitrogen
concentrations was scheduled, which would be a novel report for the biotechnology of
cyanobacteria isolated from ecosystems in Venezuela.

MATERIALS AND METHOD

Isolation and Identification of Cyanobacteria Spirulina Subsauce

Based on the studies of BERNAL (2002) who pointed out the presence of Spirulina in the
Clavellinos reservoir, Sucre state, Venezuela, a sampling was scheduled in the aforementioned
area. Water samples were taken superficially (0-5 m deep) with sterile plastic collectors with a
capacity of 350 mL, between 0-5 m away from the shore of the reservoir (coordinates: between
10° 19' to 10° 23' Lat. N and between 63° 35' to 63° 40" Long. O), and later taken to the
Microalgae Biotechnology Laboratory of the Department of Fisheries Biology of the
Oceanographic Institute of Venezuela, at the Universidad de Oriente.

In the laboratory, reservoir water samples were diluted in previously sterilized distilled
water (120 °C, 15 psi, 15 min). Subsequently, the samples were inoculated with the help of a
seeding loop in petri dishes containing 15 mL of Spirulina solid medium (AIBA & OGAWA,
1977) and incubated at a temperature of 25+1°C, illumination of 39 uE/m2s and photoperiod
12:12, until the appearance of blue-green colonies. The latter were taken with a seeding loop
and resuspended in liquid Spirulina medium for purification. Once obtained, the pure colonies
of cyanobacteria were placed in sterile glass tubes with 15 mL capacity Bakelite lids,
containing 10 mL of Spirulina liquid medium and kept in a culture chamber under the
aforementioned environmental conditions.

When growth was evidenced, the purity of the strain was verified through microscopic
observations at 40X and it was safeguarded for subsequent identification, which was carried
out in the Phytoplankton Taxonomy Laboratory of the Department of Biology of the
Universidad de Oriente, Venezuela, using morphological criteria and following the taxonomic
keys proposed by AGUIAR (2013). The isolated strain was incorporated into the Algae
Germplasm Bank of the Oceanographic Institute of Venezuela, Universidad de Oriente, with
the code BGAUDO 161.

Growth and chemical components of Spirulina subsauce grown with agricultural
fertilizers at different nitrogen concentrations.

For the preparation of the culture medium, filtered and ozonated tap water was used, which
was enriched with the T20BS culture medium (because it only contains in its composition:
Triple 20 agricultural fertilizer (20:20:20), sodium bicarbonate (4 g/L) and sodium chloride (1
g/L) and four concentrations of nitrogen (7.5, 15, 30 and 60 mmol/L) were evaluated. The
inocula for these cultures came from previously acclimatized cultures.

The selection of nitrogen concentrations was based on those used by the Zarrouk medium
(ZARROUK, 1966), which is the most widely used in the cultivation of Spirulina and has a
nitrogen concentration of 29 mmol/L. Using this concentration as a reference, it was decided
to evaluate the influence of higher (2X) and lower (X/2 and X/4) nitrogen concentrations on
the growth and accumulation of pigments in S. subsalsa.

Cultures were carried out intermittently, in triplicate, under controlled environmental
conditions (T: 301 °C; illumination: 3000 lux; manual agitation, photoperiod 12:12), for 15
days. Glass jars containing 3 L of culture medium were used (Figure 2). The initial population
density was 0.5+0.025 mg/L, and from the beginning of the trial and every 72 h, samples of
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each of the treatments were taken to determine pH and population growth according to the
criteria of PELIZER & OLIVEIRA (2014).

Figure 2.- Culture of Spirulina subsauce for 15 days in glass jars, containing 3 L of culture
medium at different concentrations of nitrogen.

When the crops reached the exponential phase, the entire crop was harvested, filtered in a
permaline bag. The harvested biomass, after several washes with acidulated water (pH 4), was
placed in a stove at 50°C until a constant mass was obtained. Subsequently, this biomass was
kept refrigerated at 6°C until the time of biochemical composition analyses, which included
total proteins (LOWRY et al., (1951); carbohydrates (DUBOIS et al., 1956); lipids (extraction
according to BLIGH & DYER, 1959 and quantification by PANDE et al., 1963), chlorophyll
a (JEFFREY & HUMPHREY (1975) and carotenoids (STRICKLAND & PARSONS, 1972).

After the respective analyses, the nitrogen content that led to the highest growth and protein
content of Spirulina was selected for six-fold cultivation under identical conditions. The
biomass was harvested as noted above; after drying, it was pulverized in a mortar and the flour
obtained was reserved for use as feed in the culture trials of the rotifer Brachionus plicatilis and
the postlarvae of the white shrimp Littopeneus vannamei.

Chemical Constituents
Total proteins (LOWRY et al., 1951):

The method of LOWRY et al. (1951) combines the Biuret reaction with the reduction of the
Folin-Ciocalteu reagent (phosphomolybdic and phosphotungstic acids) by the oxidation of
tyrosine, tryptophan, cysteine of polypeptide chains. The oxide-reduction process is
accompanied by the formation of a characteristic blue color.

5-10 mg of Spirulina subsauce biomass was placed in Falcon-type test tubes with 5 mL of 1
eg/L NaOH, then taken to a water bath (95-100 °C) for 1 hour. They were then centrifuged,
and 50 and 100 pL of this extract were taken in triplicate, to complete with NaOH 1 eg/L up to
a volume of 1 mL, 1 mL of a 50:1 solution of Na2CO3 at 2% with NaOH 0.1 eq/L:
CuS04.5H20 at 0.5% in sodium tartrate and potassium at 1%, Shake and let sit for 10 minutes.
After this time, 100 ul of a 1:1 solution of Folin-Ciocalteu reagent: H20 was added, stirred and
left to rest in darkness for 30 minutes, and the absorbances were read at 750 nm (A750) in a
Jenway spectrophotometer, model 6405. Previously, a standard curve of seroalbumin solution
(BSA) was made, from which the value of the slope (a) and intersection with the y-axis (b) was
obtained, to later calculate the concentration of total proteins (mg/mL, mg/g and % m/m), using
the following equations:
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Vt(ul) ]

. A750-b
Conc. proteina en el extracto (mg/mL extracto):[ - ] X [Vm D)

Vf(mL) ]

Conc. proteina (mg/g de biomasa)=conc.prot.en el extracto x masa(@)bioma

Conc.de proteina (%)= Conc. de proteinas(mg/g de biomasa) x 0,1
where:

V1t = total volume of the reaction.

Vm = sample volume.

VT = final volume of the extract.

Total Lipids

a) Extraction (Bligh & Dyer, 1959)

5-10 mg of Spirulina subsauce biomass was placed in Falcon-type test tubes and 5 mL of
chloroform: methanol (1:2 V/V) plus 100 uL of a BHT solution in chloroform (0.1%) were
added. They were carefully shaken with a glass rod until the biomass was broken and the tubes
were protected with aluminum foil, and they were protected at 4°C, for 24 hours. After this
time, the samples were centrifuged at 3000 r.p.m. for 10 minutes. The supernatant was collected
and transferred to a clean tube. A second extraction was performed with 3 ml of chloroform-
methanol mixture (2:1 V/V). 2 mL of distilled H20 was added to the supernatant, stirred with
vortex until a homogeneous and dense solution was obtained, and then centrifuged at 3000
r.p.m. for 10 minutes. The aqueous upper stage was removed with a Pasteur pipette and
discarded. The organic phase was transferred to a glass tube and 0.5 mL of acetone was added
to the chloroform phase to help remove traces of water. The chloroform phase evaporated at a
temperature of 37-40 °C for 24 hours in a stove. The tubes were stored at -20°C until the
guantification of the total lipids by spectrophotometry.

b) Quantification (Pande et al., 1963):

To the concentrate that remained in the glass tubes (lipids) after the evaporation of chloroform,
3 ml of the 2% acid dichromate solution was added to each tube (first to the whites). The tubes
were covered with aluminum foil, and placed in a water bath at 100°C, for 15 minutes;
Subsequently, they were allowed to cool to room temperature (15 minutes). Once cooled, 4.5
mL of distilled water was added. These were vigorously mixed in vortex and allowed to cool
again (15 minutes), and then read the absorbance on a Jenway spectrophotometer, model 6405,
at 590 nm (A590). Previously, a standard curve was made with tripalmitin in chloroform, from
which the value of the slope (a) and intersection with the y-axis (b) were obtained, to
subsequently calculate the concentration of total lipids (mg/mL, mg/g and % m/m), using the
following equations:

[A590-b]
a

Conc. de lipidos (mg/g de biomasa)=

masa (g)de biomasa
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Conc. lipid (%) = Lipids (mg/g biomass) x 0.1
Carbohydrates (DUBOIS et al., 1956):

This method proposed by DUBOIS et al. (1956) is based on the fact that carbohydrates are
particularly sensitive to strong acids and high temperatures. Under these conditions a series of
complex reactions take place starting with simple dehydration, if heating and acid catalysis are
continued, several derivatives of furan are produced that condense with themselves and with
other by-products to produce colorful compounds, products of the condensation of phenolic
compounds and with heterocycles with nitrogen as a heteroatom. The most common
condensation is with phenol. This method is easy, effective, and fast.

5-10 mg of Spirulina subsauce biomass was placed in Falcon-type test tubes with 5 mL of 1
eg/L NaOH; then, they were taken to a water bath (95-100°C) for 1 hour. They were then
centrifuged, and 50 and 100 pl of this extract were taken in triplicate, to complete with NaOH
1 eqg/L up to a volume of 1 mL. Then, 0.5 ml of 5% phenol and 2.5 mL of concentrated sulfuric
acid were added, stirred and placed at 100 °C for 15 minutes. After this time, they were placed
in an ice bath, left to rest for 15 minutes, until they reached room temperature and then read
the absorbances at 490nm in a Jenway spectrophotometer, model 6405.

Previously, a standard curve was made with anhydrous glucose (12 mg of glucose in 100 mL
NaOH 1 eg/L), from which the value of the slope (a) and intersection with the y-axis (b) was
obtained, and then the concentration of carbohydrates (mg/ml, mg/g and % m/m) was
calculated, using the following equations:

Vt(ul)
Vm(ul)

Conc. carboh. en el extracto (mg/ml)= [A4zo_b] X [

Vf(mL) ]

Conc. de carboh. biomasa (mg/g )=conc.prot.en el extracto x [m

Conc.de carbohidratos (%)= Conc. de carboh.( mg/g biomass) x 0.1

where:

Vt = total volume of the reaction.
Vm = sample volume.

VT = final volume of the extract.

Photosynthetic pigments (JEFFREY & HUMPHREY (1975). STRICKLAND & PARSONS
(1972):

Chlorophyll A and Total Carotenoids

5-10 mg of biomass was placed in test tubes and 5 mL of acetone was added: methanol (2:1
v/v); They were then placed in the dark at 4°C for 24 h to ensure complete extraction of the
pigments. They were then centrifuged at 3500 rpm for 5 min and the supernatant was absorbent
at 480, 647 and 664 nm on a spectrophotometer (Jenway brand, model 6405 UV/V). The
absorbances obtained were used for the quantification of chlorophyll a content according to the
methodology of JEFFREY & HUMPHREY (1975):

Chlorophyll a (ug/mL) = 11.93 (A664) - 1.93 (A647)
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Total carotenoids were determined by the equation proposed by Strickland & Parsons (1972):
Total carotenoids (ug/mL) = 4 (A480)
Statistical analysis of the results

Prior to compliance with the assumptions of homogeneity of variances and normality, the data
on the values of biomass, biochemical components and pigments of S. subsalsa, obtained at
the end of the trial, in each of the different treatments, were contrasted by means of an analysis
of variance of one factor (nitrogen concentration), following the recommendations of SOKAL
& ROLHF (1995).

RESULTS

Identification of the cyanobacterium Spirulina subsauce

The cyanobacterium isolated from the Clavellino reservoir is filamentous, cylindrical-helical
with slightly rounded ends, with isolated trichomes, pale blue-green and homogeneous cell
content. Their coils are narrow, juxtaposed, dense, and regular. The filaments have a diameter
between 1-2.3 um, with distance and height between the turns between 1-2 um and 2-3.3 pum,
respectively. No gas vesicles or calyptra were observed at the cell endings (Figure 3). These
characteristics, together with those presented by AGUIAR (2013) AND Luo & Jiang (2015),
ALLOW US TO CONCLUDE THAT THE CYANOBACTERIUM ISOLATED IS Spirulina subsalsa.

Figure 3. Micrograph of Spirulina subsalsa isolated from the Clavellino Reservoir, Sucre state,
Venezuela. Source: ROMERO et al. (2018).

Growth, chemical constituents and pigment content of the Spirulina subsauce strain
grown at different concentrations of nitrogen with agricultural fertilizers.

The growth of the S. subsalsa strain at different nitrogen concentrations is shown in
Figure 4. At the end of the trial, significant differences were observed between the 30 mmaol/L
nitrogen treatment and the rest of the treatments (P< 0.05; Annex 1), with this concentration of
30 mmol/L causing the highest biomass production (2.63 mg/mL).
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Figure 4. Growth of S. subsauce grown in an agricultural environment at different nitrogen
concentrations (7.5, 15, 30 and 60 mmol/L).

Chemical Constituents
a) Total Protein, Total Carbohydrate, Total Lipids, and Pigments:
The total protein contents (Figure 5) showed significant differences (P< 0.05; annex 2)
in the different treatments, with the concentration of 30 mmol/L of N causing the highest values
of this macromolecule (45.86%).
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Figure 5. Total protein content (%) of Spirulina subsauce grown in an agricultural environment
at different nitrogen concentrations (7.5, 15, 30 and 60 mmol/L). In original Spanish language

Total carbohydrates (Figure 6) showed significant differences (P< 0.05; Annex 3) in the
different treatments, with the highest contents (30.16%) being observed in the nitrogen
concentration of 7.5 mmol/L.
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Figure 6. Carbohydrate content of Spirulina subsauce grown in an agricultural environment at
different nitrogen concentrations (7.5, 15, 30 and 60 mmol/L). In original Spanish language

On the other hand, total lipids showed a similar behavior to carbohydrates, showing

significant differences (P< 0.05; annex 4) in the different treatments and reaching the highest
content (28.56%) in the nitrogen concentration of 7.5 mmol/L (Figure 7).
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content of Spirulina subsauce grown at different nitrogen concentrations (7.5, 15, 30 and 60
mmol/L). In original Spanish language

The contents of chlorophyll a and total carotenoids showed a similar trend, i.e., their
contents decreased with increasing nitrogen supply in the crops (Figure 8). Both pigments
showed significant differences (P< 0.05; Annex 5 for chlorophyll A and Annex 6 for total
carotenoids) in the different treatments. The highest values of chlorophyll a and total

carotenoids obtained were 6.42 pg/mL and 1.41 pg/mL in cultures with 7.5 mmol/L of nitrogen,
respectively.
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Figure 8. Chlorophyll aand total carotenoid contents of S. subsauce grown at different nitrogen
concentrations (7.5, 15, 30 and 60 mmol/L). In original Spanish language

DISCUSSION

The identification of cyanobacteria as Spirulina subsalsa was made based on morphological
characters; however, additional molecular studies are needed to confirm its correct
identification, since it has been shown that the phenotypic plasticity of cyanobacteria causes
them to acquire different morphologies when exposed to significant changes in environmental
conditions, particularly temperature. nitrogen concentration and salinity, among others
(ROMERO, 2019; LYRA et al., 2001; VALERIO et al., 2009).

In Venezuela, S. subsalsa and other members of the genus Spirulina have been
observed in different environments, such as Lake Maracaibo (RODRIGUEZ, 2001), the Pao-
Cachinche reservoirs (boundaries between the states of Carabobo and Cojedes), La Mariposa
(capital district), La Pereza and Quebrada Seca (Miranda state), El Lagartijo (Miranda state)
and in the Los Roques Archipelago (GONZALEZ et al., 2003; PETRASH et al., 2012); however,
there is only one report on its cultivation in the country (ROMERO et al., 2018).

Studies of microagal biomass production in alternative culture media have increased
over the years, as production costs with commercial media are not competitive for the market.
In this regard, VIEIRA et al. (2001) studying the use of different concentrations (10 — 30 — 50
mM) of commercial grade nitrogen sources (ammonium chloride, ammonium acid phosphate,
ammonium nitrate, urea and ammonium sulfate), obtained biomass values of 0.993 g/L with
10 mM ammonium nitrate and 0.910 g/L with 10 mM urea. AVILA-LEON et al. (2012) using

urea at different concentrations (0.5 — 5 mM) in semi-continuous cultures with different dilution
rates (004 — 044 d-l) obtained 1.415 g/L to 5 mM of urea, values that are lower than those obtained in this research (2.63 mg/mL =

2.63 g/L), a result that is probably due to the lower concentration of nitrogen used by the previous authors and variations in culture conditions.
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However, by including other factors in Spirulina crops, higher biomass contents can
be achieved, such as, for example, MARREZ et al. (2013) evaluated the effect of various culture
media on the biomass and pigment content of Spirulina platensis, finding in the medium
Zarrouk (NO3 concentration of 29 mmol/L) greater amount of biomass (4.87 g/L) than that
obtained in this work. On the other hand, JIAN et al., 2015, worked with Spirulina subsauce
obtaining a maximum biomass production (2.86 mg L1) when it was grown in Zarrouk medium
supplemented with wastewater (CW: monosodium glutamate), at 25%.

The highest total protein content (46%) of S. subsalsa, grown with agricultural
fertilizer in this research, was obtained when 30 mmol/L of nitrogen was used (fig. 5),
surpassing that published by NARANJO (2019) who obtained 39.4% in Arthospira sp. crops
with 10 mM NH4NO3; 41%) reported by JIAN et al. (2015), when they grew Spirulina
subsauce in 25% wastewater supplemented (CW) Zarrouk medium. These results lead us to
suppose that low ammonium values induce a greater accumulation of proteins in Spirulina,
which may be due to the fact that ammonium is directly assimilated and directed to the
synthesis of amino acids, indicating that this element is more energetically favorable for cells
(ABALDE et al., 1995).

Total carbohydrates in cyanobacteria have a variable behavior and will depend not only
on the particular species, but also on the interaction of the physicochemical factors established
in the crops, since they are the energy components that organisms in general use most easily
and quickly for their metabolism ALVAREZ (2018). Thus, it has been determined that variations
in culture conditions can increase protein production in Spirulina, as reported by ROMERO
(2019) who, when cultivating S. subsalsa at 9 UPS and 14 mM of nitrogen, obtained the
highest contents of this macromolecule in the exponential phase (58.5%).

In this study, carbohydrates had the highest values (30.16%) in the nitrogen
concentration of 7.5 mmol/L (Fig. 6); differing from MATEuccI (2018) who worked with
Arthrospira (Spirulina) plansis LMPAS55", at temperatures of 26 + 2°C and a light intensity of
34 uE.m-2.s-1, obtaining carbohydrate contents of 8.8 % PS at a nitrogen concentration of 3.75
g/L. Similarly, these values are higher than those determined by JIAN et al. (2015), authors who
worked with Spirulina subsauce grown in modified Zarrouk medium supplemented with
wastewater (CW) by 50%, obtaining a maximum carbohydrate content of 18%. However, they
contrast with the values found by NARANJO et al. (2019) who found the highest carbohydrate
content in Arthospira sp (228.69 + 0.01 mg/g; 22.87%). when they used 10 mM of NH2CONH2
as a source of nitrogen. On the other hand, ROMERO (2019) when cultivating S. subsalsa at 14
mM of nitrogen determined 17.1+ 0.91% in carbohydrate content. The behavior of the content
of this macromolecule could be due to the use of low concentrations of sodium nitrate, which
not only represent a decrease in cost, but also an increase in carbohydrate productivity.

Regarding total lipids, the highest contents (28.56%) were obtained at the nitrogen
concentration of 7.5 mmol/L (Fig. 7), and it can be assumed that this nitrogen concentration
favored these total lipid contents, as shown by LORETO et al. (2003), who indicated that
microalgae cultures exposed to low nitrogen content generally experience a marked increase in
lipid synthesis. It should be noted that the values obtained in this study were higher than those
of MATEuCccCI, (2018) wHO SUBJECTED Arthrospira (Spirulina) plantesis LMPAS5", to a
nitrogen concentration of 0.63 g/L, obtaining lipid contents of 19.2 % PS, and equally higher
than those of Romero (2019) who, when cultivating S. subsalsa at 14 mM Lipid content of
14.1+ 0.20% was determined. This could be due to the growing conditions and mainly to the
low concentrations of nitrogen where the lipids reached the maximum contents.

In relation to pigment production, chlorophyll aand total carotenoids showed a similar
trend to those observed in carbohydrates and lipids. The highest values of chlorophyll a and
total carotenoids (6.42 pg/mL and 1.41 ug/mL, respectively) were obtained in cultures with 7.5
mmol/L of nitrogen (Fig. 8). Thus, it has been shown that nutrient sources, in particular
nitrogen concentration, have a marked effect on the synthesis of chlorophyll a and carotenoids,
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and it has been observed that the synthesis of these pigments decreases as the concentration of
this macronutrient in crops decreases (BEN-AMOTZ & AVRON 1983b; PETER et al., 2010).
Likewise, the accumulation of pigments in microalgae is correlated with light intensity, as well
as with the photoperiod, finding that the optimal condition for obtaining higher chlorophyll
contents in Spirulina sp. cultures can be in a photoperiod of 16 hours of light and 8 hours of
darkness, and that continuous illumination tends to suppress the synthesis of this pigment.
since it tends to photooxidize the photosynthetic apparatus (PAREEK & SRIVASTAVA, 2001).

Considering the culture conditions, ALVAREZ (2018) reported that Spirulina platensis
LMPAS5c¢ when cultured at a photoperiod of 12:12, at a light intensity of 2800 lux and in
Zarrouk medium with (29 mmol/L of N), the microalgae presented chlorophyll a contents of
1.08 £ 0.07%, likewise, values have been found in Arthrospira (Spirulina) plantesis LMPAS55",
when subjected to 26 + 2°C, a light intensity of 34 pE.m-2.s-1 and a nitrogen concentration of
3.73 g/L, obtaining chlorophyll contents of 1.29% PS (Mateucei 2018); values that were lower
than those referred to in this study (6.42 ug/mL). However, the values of the present study
contrast with those of ROMERO et al., (2019) who, when cultivating S. subsalsa at 14 mM of
nitrogen, reported chlorophyll a contents of 42.7+0.40 pug/mL and carotenoids of 157.9 +2,36
ug/mL. The discrepancies observed in these results could be due to differences in the content
of nitrogen concentrations and the growing conditions used in such investigations.

Regarding the physicochemical parameters that occurred during the development of
the assays of this study, the pH of these varied between 9.20-10.00, which is within the range
indicated for the optimal growth of this type of cyanobacteria (SOUNDARANDIAN & VASANTHI,
2010; RINCON et al., (2013).

The results obtained on the growth, contents of proteins, lipids, carbohydrates and
pigments in the native strain of Spirulina subsalsa, when cultivated with agricultural fertilizer,
allow us to suggest the feasibility of massively producing this cyanobacterium with a culture
medium of lower cost than the one used conventionally (Zarrouk), lacking the evaluation of
this biomass as feed for animals of aquaculture interest. as will be addressed in the following
chapters.

CONCLUSIONS

The results obtained on the growth, biochemical components and pigments in the native strain
of Spirulina subsalsa, grown in a low-cost agricultural environment, showed nutritional values
similar to those reported with the Zarrouk medium, as they have been shown by other authors,
which allow us to suggest the use of this cyanobacterium in the biotechnological industries
with a view to its use as feed in aquaculture.

BIBLIOGRAPHY

ABALDE, J., CID, J., FIDALGO, J., TORRES, E. & C. HERRERO. 1995. Microalgae: Culture and Applications.
Monograph No. 26. University of La Corufia, Spain. 210 pp.

AFFAN, M. A, LEE, D. W., JEON, S. M., NOH, J. H., HEO, S. J., OH, C. & D. H. KANG. 2015. Bituminous
coal and sodium hydroxide-pretreated seawater stimulates Spirulina (Arthrospira) maxima
growth with decreased production costs. Aquacult. 436: 121-126.

AGUIAR, T. 2013. Cianobactérias marinhas bentonicas filamentosas do litoral do Estado da Bahia, Brasil
(master's thesis). State University of Feira de Santana, Brazil. 147 pp.

AIBA, S. & T. OGAWA. 1977. Assessment of growth yield of a blue-green algae: Spirulina platensis, in
axenic and continuous culture. J. General Microb. 102: 179-182.

AK, ., OGuz, M., BENAS, K. & T.GOKSAN. 2013. Cost-effective production of Arthrospira (Spirulina)
platensis. J. Food. Agricult. & Environment. 11(3—-4): 1521-1525.

ALL S. & A. SALEH. 2012. Spirulina — An overview. Inter. J. Pharm. Pharmac. Scienc. 4(3): 9-15.

ALVAREZ, P. 2018. Influence of light on the production and composition of the microalgal biomass of
Spirulina platensis LMPAS5. (Master's Thesis). Postgraduate Degree in Biotechnological
Processes, National Technological University, Buenos Aires Regional Faculty. 90 pp.

Migration Letters



574 Examining the Impact of Covid-19 and Economic Indicators on US GDP using Midas- Simulation
and Empirical Evidence

AMALA, K. & N. RAMANATHAN. 2013. Comparative studies on production of Spirulina platensis on the
standard and newly formulated alternative medium. Scienc. Park. 1(1): 1-10.

AVILA-LEON, I., CHUEI, M., SATO, S. & J. CARVALHO. 2012. Arthrospira platensis biomass with high
protein content cultivated in continuous process using urea as nitrogen source. J. Appl. Microbiol.
112(6): 1086—1094. https://doi.org/10.1111/j.1365-2672.2012.05303.X.

BAUZzA, R. 2008. Bromatological composition of two diets prepared with shrimp meal Macrobrachium
sp. and its influence on the growth and survival of cachama (Colossoma macropomum)
fingerlings. (Trab.Grad.M.Sc. Marine Sciences). Universidad de Oriente, Cumand, Venezuela,
42 pp.

BECKER, E. 1994. Microalgae: Biotechnology and Microbiology. Cambridge University Press, London.
293 pp. Bligh, E. & Dyer, W. 1959. A rapid method of total lipid extraction and purification. Can.
J. Biochem. Physiol.37: 911- 917.

BELAY, A. 2002. The potential application of Spirulina as a nutritional and therapeutic supplement in
health management. Jana. Acts 5:27-48.

BELAY, A.1997. Mass culture of Spirulina outdoors: the earthrise farms experience. In: Vonshak, A.
(ed.). Spirulina platensis (Arthrospira). Physiology, cell-biology biotechnology. Taylor & Francis
Ltd, London, England.131-158 pp.

BEN-AMOTZ, A. & M. AVRON. 1983b. On the Factors wich determine massive pB-carotene accumulation
in the halotolerant algae Dunaliella bardawil. Plant. Physiol. 72: 593-597.

BERNAL, J. 2002. Taxonomy of microalgae on the banks of the Clavellinos Reservoir, Ribero
Municipality, Sucre state, Venezuela (Bachelor's Thesis). Department of Biology, Universidad
de Oriente, Cumand, Venezuela.

BERRY, S., BOLYCHEVTSEVA, S., ROGNER, M. & N.V. KARAPETYAN. 2003. Photosynthetic and
respiratory electron transport in the alkaliphilic cyanobacterium Arthrospira (Spirulina)
platensis.Photosy.Res.78: 68-76.

BLIGH, E. & W. DYER. 1959. A rapid method of total lipid extraction and purification. Can. J. Biochem.
Physiol. 37: 911- 917.

CoLLA, L., FURLONG, E. & J. VIEIRA. 2007a. Antioxidant properties of Spirulina (Arthospira) platensis
cultivated under different temperatures and nitrogen regimes. Brazilian Arch. Biol. Technol.
50(1): 161-167.

COLLA, L., REINEHR, C., CAROLINA, R. & A. JORGE. 2007b. Production of biomass and nutraceutical
compounds by Spirulina platensis under different temperature and nitrogen regimes. Biores.
Technol. 98(7): 1489-1493.

CELEKLI, A. & D. GONUL. 2006. Effect of ph, light intensity, salt and nitrogen concentrations on growth
and beta-carotene accumulation by a new isolate of Dunaliella sp. World J. Microbiol. &
Biotechnol. 22: 183-189 pp.

CoUTEAU, P. 1996. Manual on the production and use of live food for aquaculture. (FAO fisheries
technical paper 361) FAO, Rome.

CHAMORRO, G., SALAZAR, M., GOMES, K., PEREIRA, C., CEBALLOS, G. & L. FABILA. 2002. Update on
the pharmacology of Spirulina (Arthrospira), an unconventional food. Arch.Latinoamer. Nutr.
52: 232-240.

CIFERRI, 0.1993. Spirulina, the edible microorganism. Microbiol. Rev. 47:551-578.

DANESI, USA, CRANGEL-YAGUI, CARVALHO, J. & S. SATO. 2002. "An investigation of the effect of
replacing nitrate by urea in the growth and production of chlorophyll by Spirulina platensis"
Biom. Bioenerg. 23: 261-269.

DENG, R. & T. CHow. 2010. Hypolipidemic, antioxidant and anti-inflammatory activities of microalgae
Spirulina. Cardiovascul. Therapeut. 28(4): 33-45.

DE PAUW, N., MORALES, J. & G. PERSOONE. 1984. Mass culture of microalgae in aquaculture systems:
Progress and constraints. Hydrobiol. 116:121-133.

DuBols, M., K. GILLES., J. HALMILTON., REBERS. P. & F. SMITH. 1956. Colorimetric method for
determination of sugars and related substances. Analitic. Chem. 2: 350-356.


https://doi.org/10.1111/j.1365-2672.2012.05303.x

Samir K. Safi et al. 575

EL SAYED, A. 1999. Alternative dietary protein sources for farmed tilapia (Oreochromis spp.).
Aquacult.179: 149-168.

ENCARNACAO, T., PAIS, A., CAMPOS, M. & H. BURROWS. 2015. Cyanobacteria and microalgae: a
renewable source of bioactive compounds and other chemicals. Scienc. Progr. 98: 145-168.

FAINTUCH, B. 1989. Comparative analysis of biomass production from three cyanobacteria using
different nitrogenous sources (master thesis). University of Sdo Paulo, Sao Paulo, Brazil.

FAO. 2016. The State of World Fisheries and Aquaculture. Contribution to food security and nutrition
for all. Rome. 224 pp.

FAY, P.1983. The blue-greens (Cyanophyta- Cyanobacteria). Arnold. London, U.K. 88 pp.

FEDOROV, S., SVETLANA, P., ERMAKOVA, T., ZVYAGINTSEVA, N. & V. STONIK. 2013. Anticancer and
cancer preventive properties of marine polysaccharides: some results and prospects. Sea. Drugs.
11: 4876-4901.

FURMANIAK, M., MISZTAK, A., FRANCZUK, M., WILMOTTE, A., WALERON, M. & K. WALERON. 2017.
Edible cyanobacterial genus Arthrospira: Actual state of the art in cultivation methods, genetics,
and application in  medicine. Frontiers in 71  Microbiol. 8(2541), 1-21.
https://doi.org/10.3389/fmicb.2017.02541.

GALLARDO-CASAs, C., CANO-EUROPA, E., LOPEZ-GALINDO, G., BLAS-VALDIVIA, V., OLVERA-
RAMIREZ, R., FRANCO-COLIN, M. & R. ORTIZ-BUTRON. 2011. Spirulina maxima and
Pseudanabaena tenuis phycobiliproteins protect against liver damage and oxidative stress caused
by Hg2+. Rev. Mex. Science. Farmac. 41(2): 30-35.

GARCIA, E. 2009. Temporal variation of the concentration of microcystins and its relationship with some
environmental parameters in the waters of the Clavellino reservoir, Sucre state (undergraduate
project in Chemistry). Universidad de Oriente, Venezuela.

GARCIA, N., SEXTON, J., RIGGINS, T., BROWN, J., LOMAS, M. & A. MARTINY. 2018. High variability in
cellular stoichiometry of carbon, nitrogen, and phosphorus within classes of marine eukaryotic
phytoplankton under sufficient nutrient conditions. Front. Microbiol. 9(543): 1-
10.https://doi.org/10.3389/fmich.2018.00543.

GLAZER, A.N.1994. Phycobiliproteins-a family of valuable, widely used fluorophores. J. Appl. Phycol.
6 (2): 105-112 pp.

GONZALEZz, E., ORTAZ, M., PENAHERRERA, C., MONTES, E., MATOS, M. & J. MENDOZA. 2003.
Phytoplankton from five reservoirs in Venezuela with different trophic states. Limnetica. 22(1-
2): 15-35.

GONZzALEZ, F. 2001. "Aquaculture and its competitive position in the markets". ICE Economic Bulletin:
Spanish Commercial Information, (2696): 33-46.

GAMBOA-DELGADO, J., MORALES-NAVARRO, Y., NIETO-LOPEZ, M., VILLARREAL-CAVOZOS, D. & L.
CRUZ-SUAREZ. 2019. Assimilation of dietary nitrogen supplied by fish meal and microalgal
biomass from Spirulina (Arthrospira platensis) and Nannochloropsis oculata in shrimp
Litopenaeus vannamei fed compound diets. J. Appl. Phycol. 31: 2379-2389.

HABIB, M.A.B., PARVIN, M., HUMTINGTON, T. & MR. HASSAN. 2008. A review on culture, production,
and use of Spirulina as food for humans and feeds for domestic animals and fish. FAO Fisheries
and Aquaculture Circular No. 1034. FAO Fisheries and Aquaculture Department, Rome.

ILKNUR, AK. 2012. Effect of an organic fertilizer on growth of blue-green algae Spirulina platensis.
Aguacult. Int. 20:413-422.

ISEA, F.2008. Effect of different food formulations based on unconventional raw materials of animal and
vegetable origin used in the feeding of Rainbow Trout Oncorhynchus mykiss (Walbaum, 1792).
(Trab. Grad. PhD in Applied Sciences). Universidad de los Andes, Mérida, Venezuela, 301 pp.

JAIME, B. 2006. Evaluation of Spirulina platensis meal as a feed and additive for the production of
postlarvae of white shrimp Litopenaeus schmitti (Pérez-Farfante and Kensley, 1997). (Trab.
Grad. Doctoral). Center for Biological Research, La Paz, B.C.S-Mexico. 160 pp.

JAIME-CEBALLOS, B., VILLARREAL-COLMENARES, H., GARCIA-GALANO, T., CIVERA-CERECEDO. R. &
G. GAXIOLA-CORTES. 2004. Use of Spirulina platensis powder in the feeding of zoeas and mysis
of Litopenaeus schmitti (Pérez-Farfante and Kensley, 1997). Memory of the VII Simp. Intern.
Nutr. Aquaic.

JEFFREY, S. & G. HUMPHREY. 1975. New spectrophotometric equations for determining chlorophylls a,
b c1, and c2 in higher plants, algae and natural populations.

Migration Letters


https://doi.org/10.3389/fmicb.2017.02541

576 Examining the Impact of Covid-19 and Economic Indicators on US GDP using Midas- Simulation
and Empirical Evidence

JIANG, L., PEIl, H., HU, W., JI, Y., HAN, L. & G. MA. 2015. The feasibility of using complex wastewater
from a monosodium glutamate factory to cultivate Spirulina subsalsa and accumulate biochemical
composition. Bior. Technol.180: 304-310.

JONES, D. A., KURMALY, K. & A. ARSHARD. 1987. Penaeid shrimp hatchery trials using
microencapsulated diets. Aquacult. 64:133-146.

JORDAN, J. P. 2003. Grow your own Spirulina. [Online] Available from:
www.antenna.ch/manuel/grow.htm.( Retrieved January 2017).

KHAzI, M., DEMIREL, Z. & M. DALAY. 2018. Enhancement of biomass and phycocyanin content of
Spirulina platensis. Front. Biosc. 10: 276-286.

KOMAREK, J., KASTOVSKY, J.,, MARES, J. & J. JOHANSEN. 2014. Taxonomic classification of
cyanoprokaryotes (cyanobacterial genera), using a polyphasic approach, Preslia. 86: 295-335.

KUMARI, A., KUMAR, A., PATHAK, A. & C. GURIA. 2014a. Carbon dioxide assisted Spirulina platensis
cultivation using NPK-10:26:26 complex fertilizer in sintered disk chromatographic glass bubble
column. J. CO2 Utilization. 8:49-59.

KUMARI, A., SHARMA, V., PATHAK, A. & C. GURIA. 2014b. Cultivation of Spirulina platensis using NPK-
10:26:26 complex fertilizer and simulated flue gas in sintered disk chromatographic glass bubble
column. J. Environm. Chem. Engin. 2: 1859-18609.

LA VOIE BLEUE. 2018. Spirulina, a food for all. Retrieved from La Voie Bleue: http:/la-voie-
bleue.org/wp-content/uploads/2017/07/POSTER_SCIENTIFIQUE V3.

LAVENS, P. & P. SORGELOOS. 1996. Manual on the production and use of live food for aquaculture. FAO
Fish. Tech. Pap. 361: 295 pp.

LAYAM, A. & C. Kasl. 2006. Antidiabetic property of Spirulina. Croatian Diabetology. 35(2): 29-33.

LEE, M., CHEN, Y. & T. PENG. 2012. Two-stage culture method for optimized polysaccharide production
in Spirulina platensis. J. Scienc. Food Agricult. 92(7): 1562-1569.

LEEMA, J., KIRUBAGARAN, R., VINITHKUMAR, N., DHEENAN, P. & S. KARTHIKA. 2010. High value
pigment production from Arthrospira (Spirulina) platensis cultured in seawater. Bior.
Technol.101(23): 9221-9227.https://doi.org/10.1016/j.biortech.2010.06.120.

LEONETT, C. 2013. Design of a cost and expense structure according to the law of costs and fair prices.
Case Study: Jessimar Company, C.A. Located in Puerto Ordaz, Bolivar State. (Trab. Grad.
Bachelor's Degree in Public Accounting). National Experimental University of Guayana,
Venezuela, 71pp.

LICET, B. 2008. Cultivation of Arthrospira platensis (Cyanophita Division) at different salinities and
nitrogen sources as a strategy to modify its biochemical composition. (Master's Thesis).
Universidad de Oriente, Venezuela. 84pp.

LICET, B., GUEVARA, M., LEMUS, N., FREITES, L., ROMERO, L., LODEIROS, C. & B. ARREDONDO. 2014.
Growth And Biochemical Composition Of Arthrospira Platensis (Cyanophyta Division) Grown
At Different Salinities And Nitrogen Sources. Bowl. From the Inst. Oceanog. Venezuela. 53(1):
3-13.

LN. CITLALLI, A. 2021. Effect of culture medium on the growth and nutritional value of Arthrospira
maxima. (Master's Thesis in Bioprocess Sciences). University of San Luis Potosi. Mexico.54 pp.

LYRA, C., SUOMALAINEN, S., GUGGER, M., VEZIE, C., SUNDMAN, P., PAULIN, L. & K. SIVONEN. 2001.
Molecular characterization of planktic cyanobacteria of Anabaena, Aphanizomenon, Microcystis
and Planktothrix genera. Internat. J. Systematic. Evolut. Microb. 51: 513-526.

LORETO, C., ROSALES, N., BERMUDEZ, J. & E. MORAL. 2003. Production Of Pigments And Proteins From
The Cyanobacterium Anabaena PCC 7120 In Relation To Nitrogen Concentration And
Irradiance. Gayan. Botany. 60(2): 83-89.

LOWRY, O., ROSEBROUGH, N., FARR, A. & R. RANDALL.1995. Protein measurement with the folin phenol
reagent. J.Biol.Chem. 193: 265-275.

LuBZENS, E.1987. Rasing rotifers for use in aquaculture. Hydrobiol. 147: 245-255.

LUBZENS, E. & O. ZAMORA, 2007. Production and Nutritional VValue of Rotifers, in Live Feeds in Marine
Aquaculture. (eds J. G. Stettrup and L. A. McEvoy), Blackwell Science Ltd, Oxford, UK. 336

Luo, J. & L. JIANG. 2015. Production of aquatic feed grade algal powder from turtle breeding wastewater
using a locally isolated Spirulina sp. JXSC-S1. Afric. J. Microb. Research. 9(51): 2404-2409.


http://www.antenna.ch/manuel/grow.htm.(consultado
http://la-voie-bleue.org/wp-content/uploads/2017/07/POSTER_SCIENTIFIQUE_V3
http://la-voie-bleue.org/wp-content/uploads/2017/07/POSTER_SCIENTIFIQUE_V3

Samir K. Safi et al. 577

LYRA, C., SUOMALAINEN, S., GUGGER, M., VEZIE, C., SUNDMAN, P., PAULIN, L. & K. SIVONEN. 2001.
Molecular characterization of planktic cyanobacteria of Anabaena, Aphanizomenon, Microcystis
and Planktothrix genera. Internat. J. Systematic. Evolut. Microb. 51: 513-526.

MACIAS-SANCHO, J., POERSCH, L.H., BAUER, W., ROMANO, L.A., WASIELESKY, W. & M.B. TESSER.
2014. Fishmeal substitution with Arthrospira (Spirulina platensis) in a practical diet for
Litopenaeus vannamei: Effects on growth and immunological parameters. Aquacult. (426-427):
120-125pp.

MALcoLM, R.B. 2002. Nutritional value and use of microalgae in aquaculture. In; Cruz-Suérez, L.E.,
Ricque-Marie, D., Tapia-Salazar, M., Gaxiola-Cortés, M.G., Simoes, N. (Eds). Advances in
Aquaculture Nutrition VI. Proceedings of the VI International Symposium on Agquaculture
Nutrition. 282-292 pp.

MARIN-PRIDA, J., LLOPIZ-ARZUAGA, A., PAVON, N., PENTON-ROL, G. & G. PARDO. 2015. Applications
of C-phycocyanin: methods of obtaining and pharmacological properties. Rev. Cienc. Farmac.
Food.1 (1): 29-43.

MARKOU, G., CHATZIPAVLIDIS, |. & D. GEORGAKAKIS. 2012. Carbohydrates production and bio-
flocculation characteristics in cultures of Arthrospira (Spirulina) platensis: Improvements
through phosphorus limitation process. Bioenergy. Research. 5: 915-925,

MARREZ, D., NAGUIB, M., SULTAN, Y., DAw, Z. & A. HIGAzY. 2013. Impact of culturing media on
biomass production and pigments content of Spirulina platensis. Inter. J. Advanced Research.
1(10): 951-961.

MATEuUCCI, R. 2018. "Effect of different sources of nitrogen and phosphorus on the production and
composition of the microalgal biomass of Arthrospira (Spirulina) plantesis LMPAS5". (Master's
thesis). Postgraduate Degree in Biotechnological Processes, National Technological University,
Buenos Aires Regional Faculty. 108 pp.

MERAYO, S. & E. GONzALEz. 2010. Variations in zooplankton abundance and biomass in an oligo-
mesotrophic tropical reservoir in northern Venezuela. Rev. Biol. Trop. 58(2): 603-619.

MICEKIEWICZ, E., IVANOV, A., WILLIAMS, J., KHAN, M. FALK, S. & N. HUNER. 2000. Photosynthetic
acclimation of the filamentous cyanobacterium, Plectonema boryanum UTEX 485, to
temperature and light. Plant and Cell Physiol. 41: 767-775.

MORA, R., MORONTA, R., ORTEGA, J. & E. MORALES. 2004. Growth and pigment production of the
microalgae Chlorella sp. isolated from the Tulé Dam, Mara Municipality, Zulia State, Venezuela.
Science. 12(2): 117-124.

MORENO, E. 2016. Obtaining a biofertilizer from the cultivation of Spirulina platensis in domestic
wastewater from the Rubiales crude oil pumping station camp. (Master's Thesis), University of
Manizales Faculty of Accounting, Economic and Administrative Sciences. Manizales, Colombia.
68 pp.

MUHAMAD, N., AMAR, M., MASHOR, N., ZULKIFLY, S., OMAR, H. & A. ISMAIL. 2015. The effect of
different nitrogen sources on continuous growth of Arthrospira platensis in simple floating
photobiorector design in outdoor conditions. J. Algal Biom. Utilization Biomass Utilization. 6(4):
1-11.

NARANJO, K. 2019. Effects of three nitrogenous sources on the growth, productivity, and biochemical
composition of the cyanobacterium Arthrospira sp. (Bachelor's Thesis), University of Guayaquil
Faculty of Natural Sciences. Guayaquil, Ecuador. 121pp.

NAVARRO, N. & M. YUFERA. 1998. Influence of the food ration and individual density on production
efficiency of semicontinuous cultures of Brachionus fed microalgae dry powder. Hydrobiol.
(387/388): 483-487.

NOGRADY, T.; WALLACE, R.L. & T.W. SNELL. 1993. Rotifera. Vol. 1. Biology, Ecology Systematics.
SPB Academic Publishing, The Hague.142 pp.

OUHTIT, A, ISMAIL, M., OTHMAN, A., FERNANDO, A., ABDRABOH, M., EL-KOTT, A. & M. H. RAJ. 2014.
Chemoprevention of rat mammary carcinogenesis by Spirulina. The American J. Pathol. 184(1):
296-303.

PANDE, S., KHAN, R. & T. VENKITSUBRA. 1963. Microdetermination of lipids and serum total fatty acids.
Anal. Biochem. 6:415-423.

PANDEY, J. & A. TIWARI. 2010. Optimization of biomass production of Spirulina maxima. J. Algal
Biomass Utilization. 1(2): 20-32.

Migration Letters



578 Examining the Impact of Covid-19 and Economic Indicators on US GDP using Midas- Simulation
and Empirical Evidence

PAKRAVAN, S., AKBARZADEH, A., SAJJADI, MM., HAJIMORADLOO, A. & F. NOORI. 2017. Partial and total
replacement of fish meal by marine microalgae Spirulina platensis in the diet of pacific white
shrimp Litopenaeus vannamei: growth, digestive enzyme activities, fatty acid composition and
responses to ammonia and hypoxia stress. Aquac. Res. 48:5576-5586.

PAOLETTI, C., PUSHPARAJ, B. & L. TOMASELLI.1985. Ricerche sulla nutrizione minerale di Spirulina
platensis. In: Atti Cong. Naz. Soc. Ital. Microbiol., 17, Padova, Societa Italiana di Microbiol.
Rome, Italy. 833-839 pp.

PAREEK, A. & P. SRIVASTAVA. 2001. Optimum photoperiod for the growth of Spirulina platensis. J.
Phytolog. Research. 13: 99-100.

PELIZER, L. & |. OLIVEIRA. 2014. A method to estimate the biomass of Spirulina platensis cultivated on
a solid medium. Brazilian J. Microbiol. 45(3): 933-936.

PEREZ-LEGAS, PI IA., GUZMAN-FERMAN, BM., MOHA-LEON, J.D., ORTEGA-CLEMENTE, LA. & V.
VALADEZ-ROCHA. 2018. Effects of the biochemical composition of three microalgae on the life
history of the rotifer Brachionus plicatilis (Alvarado strain): an assessment. Ann.Limnol. - Int. J.
Lim. 54: 20.

PERSON-LE RUYET, J. 1975.Techniques d'elevage en masse d'un rotifere (Brachionus plicatilisMuller) et
d'un crustacé branchiopode (Artemia salinaL.). 10th European Symposium on Marine Biology,
Ostend, Belgium. 1:331-343.

PETRASH, D., GINGRAS, M., LALONDE, S., ORANGE, F., PECOITS, E. & K. KONHAUSER. 2012. Dynamic
controls on accretion and lithification of modern gypsum-dominated thrombolites, Los Roques,
Venezuela. Sediment. Geol. 245-246: 29-47.

PETER, P., SARMA, A. P., HASAN, M. A. & S. D. S. MURTHY. 2010. Studies on the impact of nitrogen
starvation on the photosynthetic pigments through spectral properties of the cyanobacterium,
Spirulina platensis: identification of target phycobiliprotein under nitrogen chlorosis. Bot. Res.
Int. 3(1): 30-34.

PRATES, D.F., BARCIA, M.T., RADMANN, E.M. & J.A.V. CoAST. 2015. Photoperiod effect on Spirulina
sp. 18 growth for phycocyanin and biomass production. Paper presented at the IV Latin American
Congress SOLABIAA (Latin American Society of Environmental and Algal Biotechnology,
Brazil.

RAMIREZ, L. & R. OLVERA. 2006. Traditional and current use of Spirulina sp. (Arthrospira sp). Rev.
Interc. 31: 657-659.

RAVELONANDRO, P., RATIANARIVO, D., JOANNIS-CASSAN, C., ISAMBERT, A. & M. RAHERIMANDIMBY.
2011. Improvement of the growth of Arthrospira (Spirulina) platensis from Toliara
(Madagascar): Effect of agitation, salinity and CO, addition. Food Bioproducts Processing. 89(3):
209-216.

RUN, J. & M. SHILO. 1996. Nitrogen limitation in natural populations of cyanobacteria (Spirulina and
Oscillatoria. spp) and its effect on macromolecular synthesis. App. Environmet. Microbiol.
52(2): 340-344.

RINCON, D., SEMPRUN, A., DAVILA, M., VELASQUEZ, H., MORALES, E. & J. HERNANDEZ. 2013.
Production of Spirulina maxima meal to be used as an ingredient in the preparation of fish diets.
Zoot. Trop. 31(3): 187-191.

RIPPKA, R. 1988. Isolation and purification of cyanobacteria. Methods Enzymology. 167:3-27.

RODRIGUEZ, G. 2001. The Maracaibo System, Venezuela. In Seeliger, U. & Kjerfve, B. (Eds.). Coastal
Marine Ecosystems of Latin America. Berlin: Springer.

RODRIGUEZ, R., ORTIZ, R., BLAS, V., HERNANDEZ, A. & E. CAaNO. 2012. Phycobiliproteins or C-
phycocyanin of Arthrospira (Spirulina) maxima protect against HgCl2-caused oxidative stress
and renal damage. Food Chemist. 135: 2359-2365.

ROMERO-MAZA, L., GUEVARA, M. & J. BERNAL, 2018. Growth and pigments of Spirulina subsauce
grown at different salinities and nitrogen concentrations. Mutis 8(2): 25-36.

ROMERO, L. 2019. Chemical study and biological activity of a native strain of Spirulina subsauce
OERSTED EX GOMONT 1892 (SPIRULINACEAE) grown in low-cost saline medium. (PhD
Thesis). Postgraduate Degree in Marine Sciences, Universidad de Oriente, Cumand, Venezuela.
101 pp.

RoMo, S. 1994. Growth parameters of Pseudanabaena galeata Bdcher in culture under different light and
temperature conditions. Algolog. Studies. 7: 239-248.



Samir K. Safi et al. 579

ROSALES, R. 2012. Effect of temperature, salinity, and their interactions on population growth of the
native rotifer Brachionus sp. Cayman, Chilca strain, Peru. (Undergraduate thesis). Lima-Peru:
Universidad Ricardo Palma. 45 pp.

RouT, N., KHANDUAL, S., GUTIERREZ, A., GALLARDO, J., RODRIGUEZ, B., IBARRA, J. & G. VEGA. 2013.
Isolation, identification and germplasm preservation of different native Spirulina Species from
western mexico. Am. J. plant Sci.4:65-71.

RUEDA JASSO, R. 1993. Effect of feed on the cultivation of the rotifer Brachionus plicatilis (Miller:
1786) in a semi-continuous system. (Trab. Grad. M.Sc. Marine Sciences). National Polytechnic
Institute , Interdisciplinary Center for Marine Sciences. 93 pp.

SAINI, D., PABBI, S. & P. SHUKLA. 2018. Cyanobacterial pigments: Perspectives and biotechnological
approaches. Food and Chemical Toxicol. 120: 616-624.

SALAICES, P.H. 1992. Shrimp biology. In: Manual for Shrimp Farming. Science and Technology
Education Unit, Mexico. 94 pp.

SALVADOR, G., URANGA, R. & N. GiusTo. 2011. Iron and mechanisms of neurotoxicity. Inter. J.
Alzheimer's Disease. 2011: 1-9.

SANCHEZ, H. 2014. Culture of Spirulina platensis (gomont) geitler in fast biol T20 to obtain biomass as
an alternative source of protein. (Master's thesis). Universidad Nacional Mayor de San Marcos.

Lima, Peru.
SANCHEZ, K. 2018. Evaluation of the design of a photobioreactor with photovoltaic lighting for the
production of biomass Arthrospira platensis (Nordstedt) Gomont using hydroponic

wastewater. (Thesis of Environmental Engineering), Universidad Catdlica Sedes Sapientiae
Faculty of Agricultural Engineering. Lima, Peru. 117 pp.

SANCHEZ, W. 2013. Biomass production of the cyanobacterium Spirulina subsauce by scaling the culture
in a semi-closed environment. (Trab. Grad. M.Sc. in Microbiology). Universidad del Zulia,
Maracaibo, Venezuela, 45pp.

SCHLOSSER, U. 1982. SammLung von Algenkulturen. Berichte der Deutschen Botanischen Gesellschaft,
95: 181-276.

SCHLOSSER, U.G. 1994, SAG-Sam mlung von Algen kulturen at the University of Gottingen. Catalogue
of Strains. Bot. Acta.107: 113-186.

SHRIVASTAV, A., SANJIV, M. & M. SANDHYA. 2010. Polyhydroalkanoate (PHA) synthesis by Spirulina
subsalsa from Gujarat coast of India. Int. J. Biol. Macromole. 46.255-260.

SINGH, G. & N. SIKARWAR. 2014. An experimental study: using plant fertilizer as a potent culture media
for Chlorella vulgaris. Asian J. Pharm. Clinica Research. 7(1): 7-9.

SOKAL, R. & F. ROLHLF.1995. Biometry. Ed.W.Freeman., New York, USA. 887 pp.

SOMMELLA, E., CONTE, G., SALVIATI, E., PEPE, G., BERTAMINO, A., OSTACOLO, C., SANSONE, F., PRETE,
F., AQUINO, R. & P. CAMPIGLIA. 2018. Fast profiling of natural pigments in different Spirulina
(Arthrospira platensis) dietary supplements by DI-FT-ICR and evaluation of their antioxidant
potential by pre-column DPPH-UHPLC assay. Molecules. 23(5): 1152.

SOPANDI, T., ROHMAH, S. & A. SAT. 2020. Biomass and nutrient composition of Spirulina platensis
grown in goat manure media. Asian. J. Agric. Biol. 8(2):158-167.

SOUNDARAPANDIAN, P. & B. VASANTHI. 2010. Effects of chemical parameters on Spirulina platensis
biomass production: optimized method for phycocyanin extraction. Internat. J. Zool. Research.
6(4): 293-303.

SPAARGAREN, D. 1996. The design of culture media based on the elemental composition of biological
material. J. Biotechnol. 45(2), 97-102. https://doi.org/10.1016/0168-1656(95)00152-2.

STIZENBERGER, E. 1852. Spirulina und Arthrospira (nov. gen.). Hedwigia 1: 32—41.

STRICKLAND, J. & T. PARSONS. 1972. A practical handbook of seawaters analysis. Bull. Fish. Res. Bd.

Can. 167:1-20.

SUKUMARAN, P., NULIT, R., HALIMOON, N., SIMOH, S., OMAR, H. & A. ISMAIL. 2018. Formulation of
cost-effective medium using urea as a nitrogen source for Arthrospira platensis cultivation under
real environment. Annual Research and Review in Biology. 22(2): 1-12.
https://doi.org/10.9734/ARRB/2018/38182.

SzUBERT, K., WIGLUSZ, M. & H. MAZUR-MARZEC. 2018. Bioactive metabolites produced by Spirulina
subsalsa from the Baltic Sea. Oceanol.60 (3): 245-255.

Migration Letters


https://doi.org/10.1016/0168-1656(95)00152-2
https://doi.org/10.9734/ARRB/2018/38182

580 Examining the Impact of Covid-19 and Economic Indicators on US GDP using Midas- Simulation
and Empirical Evidence

TAKEUCHI, R., YUN, S. & P. TESLUK. 2002. An Examination of Crossover and Spillover Effects of
Spousal and Expatriate Cross-Cultural Adjustment on Expatriate Outcomes. J. Appl. Psychol.
87(4): 655-666.

THEILACKER, G. & A. KIMBALL. 1984. Comparative quality of rotifers and copepods as foods for larval
fishes. Cal. Coop.Otean. Fish. Invest. Rep. 25:80-85.

THOISEN, C., WINDING, B. & S. LAURENTIUS. 2017. A simple and fast method for extraction and
quantification of cryptophyte phycoerythrin. Methods X (4): 209-213.

TOMASELLLI, L. 2002. Morphology, Ultrastructure and Taxonomy of Arthrospira (Spirulina) maxima and
Arthrospira (Spirulina) platensis, in: Vonshak, A. (ed.), Spirulina platensis ( Arthrospira)
Physiol, Cell Biol and Biotechnol, Taylor & Francis, London, U.K.1-17pp.

TOMASELLI, L., MARGHERI, M. & A. SACCHI. 1995. Effects of light on pigments and photosynthetic
activity in a phycoerythrin-rich strain of Spirulina subsalsa. Aquatic. Microbial. Ecology (Aquat
Microb Ecol). 9:27-31.

TOMASELLLI, L., MARGHERI, M.C. & R. MATERASSI.1993. Response of a red Spirulina subsalsa strain to
changes in light intensity and spectral quality, 105. In: 6th ICAA: Algal Biotechnology, Progress
in Biotechnology of Photoautotrophic Microorganisms, 6-11 Sept, Ceske Budejovice, Czech
Republic.

TORRES, B. & C. DANIEL. 2008. Conceptual design of a process for the cultivation and production of
Cyanobacterium Arthrospira Platensis. (Process Engineering Thesis), Eafit University, School of
Engineering, Department of Process Engineering. Medellin, Colombia. 66 pp.

TSENG, C. & B. ZHou. 1989. Cultivation and utilization studies of Spirulina in China. Abstracts of the
First International Marine Biotechnology Conference. Appendix.

TURPIN, P. J. F. 1829. Spiruline oscillarioid. In Dictionnaire des Sciences Naturelles. Paris: F. G.
Le!vrault.

UNGSETHAPHAND, T., YUWADEE, P. & W. NiwooT. 2009. Production of Spirulina platensis using dry
chicken manure supplemented with urea and sodium bicarbonate. Maejo Int. J. Sci. Technol.3
(03): 379-387.

UsLy, L., IsIK, O., Koc, K. & T. GOKSAN. 2011. The effects of nitrogen deficiencies on the lipid and
protein contents of Spirulina platensis. African J. of Biotechnol. 10: 386-389.

UTEX, 2006. Spirulina Medium. Available at: www.utex.org. Accessed January October 2017.

VALERIO, E., CHAMBEL, L., PAULINO, S., FARIA, N., PEREIRA, P. & R. TENREIRO. 2009. Molecular
identification, typing and traceability of cyanobacteria from freshwater reservoirs. Microbiol.
155: 642-656.

VAN-DEN-HOEK, C., MANN, D. & H. JAHNS. 1995. Algae. An introduction to Phycology. Cambridge, U.
K.: Cambridge University Press.

VIEIRA, A, LEAL, K., OLIVEIRA, L. & G. MAGAGNIN, 2001. Different nitrogen sources and growth
responses of Spirulina platensis in microenvironments. World J. Microbiol. & Biotechnol.17:
439-442. https://doi.org/10.1023/A:1011925022941.

WHITTON, B. & M. POTTs. 2012. Introduction on the cyanobacteria. In Whitton, B. (Ed.). Ecology of
cyanobacteria Il: Their diversity in space and time. (1-13 pp.). UK: Springer.

ZAKI, M.A., ASHOUR, M., HENEASH, A.M.M., MABROUK, M.M., ALPROL, A.E., KHAIRY, H.M., NOUR,
A.M., MANSOUR, A.T., HASSANIEN, H.A. & A. GABER. 2021. Potential Applications of Native
Cyanobacterium Isolate (Arthrospira platensis NIOF17/003) for Biodiesel Production and
Utilization of Its Byproduct in Marine Rotifer (Brachionus plicatilis) Production. Sustainabil. 13
: 1769.

ZARROUK, C. 1966. Contribution & L "étud d une cyanophycée. Infl uence de divers facteurs physyiques
et chimiques sur la croissance et la photosynhése de Spirulina maxima. (Trab. Grad). Dr.
University of Paris, France. 90 pp.

ZHou, B., WANCHANG, L., WEIYANG, QU. & CK. TSENG. 1991. Application of Spirulina mixed feed in
the breeding of Bay Scallop Bior. Technol.38 (2): 229-232 pp.



https://doi.org/10.1023/A:1011925022941

Samir K. Safi et al. 581

ANNEXES

Annex 1. Statistical analyses of the biomass values of Spirulina subsauce obtained at
different nitrogen concentrations.

Analysis of VVariance

Sum of Mexico Half F-Rank P-Value
Fountain Square City Squares
Between groups 4,9934 3 1,66447 32,29 0,0001
Within Groups 0,4124 8 0,05155
Total (Corr.) 5,4058 11
Multi-Range Testing for Biomass by Concentration
Method= 95.0 Percentages Tukey HSD Groups
Concentration Counted Stocking Homogeneous
15 mmol/L 3 1,08333 X
7.5 mmol/L 3 1,13 X
60 mmol/L 3 1,23333 X
30 mmol/L 3 2,63333 X

Annex 2. Statistical analysis of the total protein values of Spirulina subsauce obtained at
different nitrogen concentrations.

Analysis of Variance

Sum of Mexico Half F-Rank P-Value
Fountain Square City Squares
Between groups 1118,78 3 372,926 1026,17 0,0000
Within Groups 2,90733 8 0,363417
Total (Corr.) 1121,69 11

Multi-Range Testing for Proteins by Concentration

Method= 95.0 Percentages Tukey HSD Groups
Concentration Counted Stocking Homogeneous
7.5 mmol/L 3 20,52 X

15 mmol/L 3 29,47 X

60 mmol/L 3 39,4333 X
30 mmol/L 3 45,8867 X

Annex 3. Statistical analysis of the total carbohydrate values of Spirulina subsauce
obtained at different nitrogen concentrations.
Analysis of Variance
Sum of Mexico Half F-Rank P-Value
Fountain Square City Squares
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Between groups 3 137,892 103,03 0,0000
413,677
Within Groups 10,7071 8 1,33838
Total (Corr.) 424,385 11
Multi-Range Testing for Carbohydrates by Concentration
Method= 95.0 Percentages Tukey HSD Groups
Concentration Counted Stocking Homogeneous
30 mmol/L 3 14,5467 X
60 mmol/L 3 22,4467 X
15 mmol/L 3 26,9967 X
7.5 mmol/L 3 30,1633 X

Annex 4. Statistical analysis of the total lipid values of Spirulina subsauce obtained at
different nitrogen concentrations.

Analysis of Variance

Sum of Mexico Half F-Rank P-Value
Fountain Square City Squares
Between groups 222,537 3 74,1789 34,07 0,0001
Within Groups 17,42 8 2,1775
Total (Corr.) 239,957 11

Multi-Range Testing for Lipids by Concentration

Method= 95.0 Percentages Tukey HSD Groups
Concentration Counted Stocking Homogeneous
30 mmol/L 3 16,4333 X

60 mmol/L 3 22,4 X

15 mmol/L 3 23,3333 X

7.5 mmol/L 3 28,5667 X

Annex 5. Statistical analysis of chlorophyll a values of Spirulina subsauce obtained at
different nitrogen concentrations.
Analysis of Variance

Sum of Mexico Half F-Rank P-Value
Fountain Square City Squares
Between groups 38,5377 3 12,8459 118,97 0,0000
Within Groups 0,8638 8
0,107975
Total (Corr.) 39,4015 11

Multi-Range Testing for Chlorophyll A by Concentration

Method= 95.0 Percentages Tukey HSD Groups
Concentration Counted Stocking Homogeneous
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60 mmol/L 3 1,7 X

30 mmol/L 3 3,26667 X

15 mmol/L 3 5,11333 X
7.5 mmol/L 3 6,41667 X

Annex 6. Statistical analysis of the total carotenoid values of Spirulina subsauce obtained
at different nitrogen concentrations.

Analysis of Variance

Sum of Mexico Half F-Rank P-Value
Fountain Square City Squares
Between groups 1,54616 3 0,515386 26,62 0,0002
Within Groups 0,154867 8 0,0193583
Total (Corr.) 1,70103 11

Multi-Range Testing for Carotenoids by Concentration

Method= 95.0 Percentages Tukey HSD Groups
Concentration Counted Stocking Homogeneous
60 mmol/L 3 0,466667 X

30 mmol/L 3 0,633333 XX

15 mmol/L 3 0,963333 X

7.5 mmol/L 3 1,40667 X
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