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ABSTRACT

Arthrospira (Spirulina) platensiswas cultivated in laboratory under controlled conditions (30°C, photoperiod
of 12 hours light/dark provided by fluorescent lamps at a light intensity of 140 umol photons.m2.st and
constant bubbling air) inthree different culture media: (1) Paol etti medium (contral), (2) Paoletti supplemented
with 1 g.L "t NaCl (salinated water) and (3) Paol etti medium prepared with desalinator wastewater. The effects
of these treatments on growth, protein content and amino acid profile were measured. Maximum cell
concentrations observed in Paoletti medium, Paol etti supplemented with salinated water or with desalinator
wastewater were 2.587, 3.545 and 4.954 g.L 2, respectively. Biomassin medium 3 presented the highest protein
content (56.17%), while biomass in medium 2 presented 48.59% protein. All essential amino acids, except
lysine and tryptophan, were found in concentrations higher than those requiried by FAO.
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INTRODUCTION

Cyanobacterium Arthrospira (Spirulina) platensis is
commercia product with high nutritional value, serving as a
source of nutrients for food, chemical and pharmaceutical
industry (9,10,19,20). It isthe magjor known source of vitamin
B1,, having high protein content (6). It presents immune-
promoting effects, such as enhancement of macrophage
function and in vitro and in vivo antioxidant activity (19). Due
tolack of celluloseinitscell wall, 85-95% isassimilated by the
organism (2). It is also used in aquaculture as feed in fish,
crustacean, shellfish and bivalve cultures(9). Also, itisapplied
in wastewater treatment and agriculture (9,10). Arthrospira
platensisisnaturally foundintropical regionsinhabiting akaline
lakes (pH 11) with high concentration of NaCl and bicarbonates
(4,13,14,17). Theselimiting conditionsfor other microorganisms
allow cultivation of thismicroalgain opened reactors (10).

Inthe Northeast of Brazil, asemi-arid areaof 900,000 Km?is
also known as Polygon of Drought. This area corresponds
approximately to the isoyhets (lines of equal precipitation) of

800 mm of annual rainfall. Attempting to reduce the drought
probleminthe areaand set up aternatives, Brazilian government
is encouraging the captation of ground water. However,
reservoirsfrom thisregion present high levelsof salinity, making
the use of desalinators mandatory. Nevertheless, these
processes generate residues with high saline concentration with
great environmental impact. Theaim of thiswork wasto cultivate
Arthrospira platensis in this wastewater and in salinated
synthetic medium, evaluating the amino acid profile and the
protein content of the cells.

MATERIALSAND METHODS

Microorganism

Arthrospira platensis strain used in thiswork was given by
the Laboratério de Bioguimica from the Departamento de
Quimicaof the Fundacdo Universidade Federal do Rio Grande
— FURGIRS, Brazil. The strain was kept in Paoletti medium
accordingto Ferraz et al. (7), with modifications, presenting the
following composition (g.L2): 0.92 NaCl; 1.88 Na,SO,; 0.50
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K,HPO,; 8.89 N&,COs3; 15.15 NaHCO3; 0.05 CaCl,.2H,0; 2.57
KNOs; 0.25 MgS0,.7H,0; 1.0 mL.L* of micronutrient solution
(2.86 H3BO;; 1.54 MnSO,4.H,0; 0.22 ZnS0,.7H,0; 0.39
NaM00;.2H,0; 0.079 CuS0O, . 5H,0 and 0.038 CoCl,.6H,0) and
1,0mL.L*Fe-EDTA solution (29.8 EDTA-Na; 24.9 FeS0,.7H,0).

Culturemedia

Three different media were prepared for cultivation of A.
platenss. Paol etti medium was used as control medium. Salinated
water, the second medium, was produced by adding 1 g.L*
NaCl to Paoletti medium. The third medium (dessalinator
wasterwater) wasamodified Paoletti mediuminwhich distilled
water was replaced by desalinator wastewater and the
concentration of the components of Paoletti medium was
reduced by 50%. This medium was produced as follows: the
componentswere solubilized in wastewater, centrifuged at 4,000
rpm for 15 min and the precipitate discarded. Desalinator
wastewater was given by the Laboratério de Referéncia em
Dessdlinizagdo, Campina Grande/PB, Brazil, and presented the
following composition, determined according to United States
Environmental Protection Agency (mg.LY): Bicarbonate 0.00;
Calcium 585.00; Carbonates 38.10; Chloride 4,340.04; Phosphate
<0.05; Magnesium 433.00; Nitrate 779.27; Potassium 101.50;
Sodium 1245.00 and Sulfate 919.65. The pH of thethree media
wasadjustedto 9.4 + 0.2. Theexperimentsweredoneintriplicate.

I noculum prepar ation

Previous inocula of A. platensis were prepared for three
media. Microalgaewerecultivatedin4 L Erlenmeyer flasks, with
photoperiod of 12 hours light/dark provided by fluorescent
lamps at a light intensity of 140 umol photons.m2.s! and
temperature of 30+ 1°C. Experimentswereinitiated with 1096 (v/
v) of inoculum. M ediaagitation was carried out by bubbling air.

Growth evaluation

Cell concentration wasestimated at 72 hoursintervalsusing
a cdlibration curve (560 nm) for each medium. Experiments
finished when decreasing of cell growth was observed. At the
end of cultivation, biomass was filtered (0.45 um cellulose
acetatefilter), lyophilized and stored at -20°C. Cell productivity
was al so determined.

pH determination
pH of the media was measured at each 72 hours using a
potentiometer.

Protein content and aminogram

Total protein content in the lyophilized biomass was
determined by the Kjehldahl method (1). Amino acid profilewas
carried out according to White et al. (18) and determination of
tryptophan was performed according to Spies (16) using HPLC
technique.

Cultivation of A. platensis

Satistical analysis

Results of the analyses were submitted to analysis of
variance (ANOVA) with confidence level of 95% (p<0.05) in
order to verify significant differencesamong media. Statistical
analyses were carried out using Statistica® 6.0 software.

RESULTSAND DISCUSSION

Effect of culturemediumin growth

Fig. 1 shows the growth of Arthrospira platensis in the
threetested culture media. Despite having started with asimilar
initial inoculum, after 9 days of cultivation, the growth on
desalinator wastewater was more intense than in the other two
media. The difference became more evident on day 23, where
cell concentration reached 4.954g. L*which is 91.5% higher
than that observed in Paoletti medium. An intermediate
production of biomasswas observed for microal gae cultivated
in salinated water, which presented increased growth from day
15on, reaching afinal cell concentration of 3.545g.L-*whichis
37.03% higher than that in Paol etti medium. Regarding to Paol etti
medium, the values for maximum cell concentration obtained
are close to those reported by Oliveiraet al. (9), 2.4 g.L?, but
lower than values reported by Rafiqul et al. (13), who used
Zarrouk medium and reached 2.7 g.L  at day 20. However, values
attained were 49.0% higher than those reported by Pelizer et al.
(1) (1.3gL™.

ANOVA tests indicated that the differences observed
between treatments were significant (p=0.008722). Yet, the
differences observed in final cell concentration in salinated
water and Paol etti medium were not significant, nor werethose
observed in salinated water and desalinator wastewater.
However, thedifferencein cell concentratrionin Paoletti medium
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Figurel. Cel concentration of Arthrospira platensisin different
culturemedia (PM —Paol etti medium; SW —salinated water and
DW — desalinator wastewater).
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and desalinator wastewater was significant. Microalgae cultived
in Paoletti medium, salinated water and desalinator wastewater
presented cdll productivities of 0.109 g.L1.day?, 0.150 g.L*.day™*
and 0.210g.L*.day?, respectively. It ispossibleto note that the
cell productivitiesof desalinator wastewater was higher (92.9%)
than Paoletti medium. pH values ranged from 9.6 to 10.5 for
Peol etti medium, from 9.6 to 10.6 for salinated water and from 9.4
t0 10.2 for desalinator wastewater.

Effect of culturemedium on protein and aminoacid content

A. platensis cultivated in salinated water presented a total
protein content of 48.59% in dry weight, while in desalinator
wastewater the content was 56.17%. The differences between
these resultswere significant (p=0.001661). Similar valuesfor
total protein, ranging from 46% to 50% in dry weight, were
reported by Richmond (13) in A. platensis, but the values in
desalinator wastewater were lower than that presented by
Oliveiraet al. (9). Pelizer et al. (11), studying different initial
inocula, reported 55.0 - 61.0% protein content. Similar values
were found by Rafiqul et al. (12), who found 58.6% of total
protein content when using Zarrouk medium. Zeng and VVonshak
(20) reported that cells under stress conditions, including
salinity-stress, have a lower protein synthesis capacity. This
fact can probably explain lower protein contents found in
biomassesgrown in salinated water and desalinator wastewater.
Besides, an alternative for salinity-stress adaptation is the
increasein carbohydrates metabolism (20).

Among analyzed amino acids, four were responsible for
39.33% (desalinator wastewater) and 40.34% (salinated water)
of the total amino acid content (Table 1). Regarding to
desalinator wastewater, the main amino acids were: leucine,
alanine, glutamine and histidine. Concerning salinated water,
the main amino acids were: leucine, asparagine, glutamine e
histidine. Tryptophan was the amino acid found in lowest
content: 0.082 and 0.060g/100g of protein in desalinator
wastewater and salinated water, respectively.

The contents of all amino acids were higher than those
reported by Grinstead et al. (8), except tryptophan (0.6%) and
cysteine (0.7%). Ascan be observedin Table 1, 57.60% of the
amino acidsin biomass grown in desalinator wastewater were
essential amino acids. In biomass grown in salinated water
this content was of 52.10%. Values obtained for biomass
grown in desalinator wastewater are close to those reported
by Babadzhanov et al. (2), who observed that the contend of
essential amino acids in A. platensis biomass was around
60%.

Asshownin Table 1, the essential amino acid content were
abovethe minimum valuesrequired by FAO (16) with histidine
overcoming in 483% (biomass grown in salinated water) and
548% (biomass grown in desalinator wastewater) the FAO's
requirements. However, lysine and tryptophan did not reach
the minimum requirements:. lysine supplied 76% (salinated
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Table 1. Total amino acids of Arthrospira platensis(g/100 g of
protein)

AminoAcids Richmond® Salinated Desdinator FAO/

Water Wastewater WHOP
| soleucine* 6.70 571 6.49 280
Leucine* 9.80 9.26 1017 6.60
Vdine 710 6.45 6.4 350
Lysine* 480 442 499 5.80
Phenylalanine* 530 445 5.16 6.30
Tyrosine 530 526 569
M ethionine* 250 205 216 250
Cysteine 090 059 057
Tryptophan 030 006 008 110
Threonine* 6.20 465 531 340
Histidine* 220 9.17 1041 190
Alanine* 950 851 9.27
Arginine* 730 7.09 800
Asparagine* 11.80 986 390
Glutamine* 10.30 1340 947
Glycine* 5.70 110 298
Proline* 420 333 375
Serine* 5.10 459 500

a—Richmond (15);

b — Recommendation for children of 2-5 years old, according to FAO/
WHO (apud 16);

*dignificant differenceswere observed between the treatments salinated
water and desalinator wastewater (p<0.05).

water) and 86% (desalinator wastewater) of FAO' srequeriments,
while tryptophan supplied only 5.45% (salinated water) and
7.45% (desalinator water). These results are in disagreement
with data presented by Danesi et al. (5) who reported that,
among all amino acidsof A. platensis, only methionine content
was below the FAO’s minimum requirements.

It isimportant to notice that according to Campanellaet al.
(3) tryptophan levelsin A. platensisare usually not hight, with
contentsranging from 0.139 - 0.144g/100g of protein.

Regarding to amino acids profile, biomass from salinated
water presented higher content of non essential amino acids,
such as asparagine and glutamine. However, the difference in
contents of valine, tyrosine, cysteine and tryptophan in the
two types of biomass was not significant.

According to these data, cultivation of A. platensis in
desalinator wastewater produces high levels of biomass (4.954
g.LY). However, the produced biomass contains only two
essential amino acids, lysine and tryptophan, both below FAO's
minimum requirements. Thus, cultivation of A. platensisinthis
medium is possible but more studies are necessary in order to
better evaluate the application in large scale production.
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RESUMO

Cultivo de Arthrospira (Spirulina) platensis em
rejeito dedessalinizador e meio sintético salinizado:
teor protéico e perfil deaminoacidos

Arthrospira (Spirulina) platensis foi cultivada em
|laboratério sob condi¢cBes controladas (30°C, intensidade
luminosa de 140 umol fétons.m2.s, 12 horas claro/escuro e
insuflacdo constante de ar atmosférico), emtrésmeiosde cultivo:
(1) melo de Paoletti (controle), (2) meio de Paol etti suplementado
com 1,0 g.L* de NaCl (agua salinizada) e (3) meio de Paol etti
preparado com rejeito de dessalinizador. Foi verificado o efeito
destes tratamentos no crescimento, teor de proteinas e
aminoacidos. As concentragdes cel ulares maximas obtidasforam
de 2,587; 3,545 e4,954 g.L 1 no meio controle, meio de Paol etti
suplementado com &gua salinizada ou com rejeito de
dessalinizador, respectivamente. Com relagéo as concentractes
protéicas, estas foram maiores na biomassa cultivada no meio
3, com 56,17%, enquanto que a biomassa cultivada no meio 2
apresentou 48,59%. A maioria dos aminoécidos essenciais
encontrou-se acima dos limites requeridos pela FAO, com
excecdo apenas de lisina e triptofano.

Palavras-chave: Arthrospira platensis, rejeito de dessalinizador,
aminograma
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