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ABSTRACT

The purpose of this study was to determine the icaémomposition ofChaetoceros gracilisCylindrotheca
closteriumand Tetraselmis gracilisspecies frequently used as food for aquacultaréné northeast of Brazil. The
species were grown in f/2 medium, in carboys, aerfitom one liter, with constant illumination andadyses were
made in late exponential growth phase. Cellulargign(8,447 x 10 cell.L"), soluble carbohydrates (0.30.01
mg.L) and magnesium (14.28.08 mg.[*) were the highest i€. gracilis C . closteriumhad the highest amount
of chlorophyll a (13.761.11 mg.[%), soluble proteins (0.68.04 mg.L%), total amino acids (23.89.84 mg .LY),
nitrate (0.3620.02 mg.[*), sodium (0.460.05 mg.[*) and phosphorus (2.80.38 mg.[!). Both the species had
potassium levels of 0.02 mg.land sulfur levels of 0.03 mg:LT. gracilishad the lowest values in almost all the
analyzed variables, except for chlorophgll Therefore, among the analyzed species and tesiaditions, C.
closterium represented the best nutritional option for aquiaure projects.
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INTRODUCTION cultures consists in the great variety of fields, such
as genetic, cytology, taxonomy and plant
With the development of aquaculture in the worldohysiology, that can utilize this resource (Sukenik
and the necessity to increase the animals survivahd Whanon, 1991; Fidalgo et,d998; Renaud et
in culture, studies have shown the importance ofl., 1999).
food production for cultivated species Microalgae chemical composition is frequently
development Knowledge of the natural feeding determined with the objective to provide the
habits and digestive system of organisms is anecessary nutritional balance for the captive
essential factor for the attainment of highanimals (Whyte, 1987; Brown et.al997, 1998
productivity in an aquaculture setting. This, inSouthgate et al 1998;; Caers et al 1999;
turn, depends on the food efficiency of differentMcCausland et al 1999), and also to determine
trophic levels (Sipauba-Tavares and Rocha, 2001he biochemical variation of the microalgae
The importance of the success of unialgae mas®mposition with respect to the nutritional
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medium in which the microalgae are beingbuffered formaldehydeThe cellular density result
cultivated (Antia et a] 1977; Fabregas et.al was presented as celf:L
1985a and b, 1986; Melo et,al993; Lourenco et Chlorophylla was determined according to Becker
al., 1997). (1995). Three replicates from each species were
In Brazil, the studies about microalgae chemicdiltered in Whatmann GF/F fiberglass filters
composition are recent and limited to studies aboytliameter = 47 mm), extracted with 90 % acetone
alternative culture mediums (Koening et.,al and analyzed with a spectrophotometer. The
1990a, 1998; Melo et al 1993) or to the remaining part of each culture was centrifuged at
comparisons of the microalgae chemical7,000 rpm for 15 minutes. The centrifuged
composition in relation to the nutritional mediummaterial was collected and dried in an oven (60
(Koening, 1990b; Lourengo et .al 1998). °©°C) until constant weight, according to Bezerra
Considering the substantial growth of aguacultur&eto et al (1994).
activities in Brazil (8% increase per vyear),For soluble carbohydrate, soluble protein and
according to Sipauba-Tavares and Rocha (2001),ritrate determinations, 1.0 g of dried, preweighed
is necessary to increase the studies abouicroalgae and 10 mL of distilled water were used
microalgae nutritional value. The purpose of thido prepare an extract. The soluble carbohydrate
work was to determine the chemical compositiorwas determined according to Yemm and Wills
of Chaetoceros gracilisCylindrotheca closterium (1954). For this, a 20QL sample of the extract
and Tetraselmis gracilis three widely used was transferred to an assay tube. Then, 2 mL of the
microalgae for the feeding of aquaculture fish anénthrone reagent was added for the color
shrimp in the northeast region of Brazil. Thedevelopment, with the tubes placed in a hot water
results of this study will aid aquaculture farmers irbath at 100 °C, for 10 minutes to develop the color.
choosing microalgae for its nutritional value. The samples were then analyzed at 620nm in a

spectrophotometer and compared with standard

glucose solution (concentration from 0 to 300
MATERIAL AND METHODS mg.L").

Soluble protein was determined according to
Chaetoceros gracilis Cylindrotheca closterium Bradford (1976). Samples (1Q.) were collected
and Tetraselmis gracilis were cultivated in from the microalgae extracts and transferred to
triplicate. Cultures were placed in aerated carboyassay tubes, which contained 2.0 mL of the
(8 L) filled with f/2-Guillard medium (Guillard, Coomassie brillant blue reagent. After color
1975). Two daylight fluorescent tubes of 20 Wdevelopment, spectrophotometric readings at 595
were used to maintain constant illumination ancdhm were determined and compared with the results
culture temperature was 22 °C. The experiments from solutions of bovine albumen standards (BSA)
started with microalgae culture in the exponentiain concentration from 0 to 200 mgLFree total
growth phase and were kept in 10 mL assay pipeamino acids were determined according to Yemm
with the same light, temperature and cultureand Cocking (1955).
medium conditions. The three species werdlitrate analysis was carried out according to
inoculated in 250 mL glass bottles with f/2-Cataldo et al(1975). From each extract, 2@l
Guillard medium Every eight days, this volume was transferred to assay tubes and $00 of
was duplicated with autoclaved seawater (1 atrgalicilic acid reagent (5 % 430,) was added to
for 1 h) and enriched with the same components @fach assay tube. Twenty minutes later, 18 mL of
the f/2 medium until the total of 8 liters of cultureNaOH (2 N) was added to the sample.
was reached. After eight days the cultures wergpectrophotometric readings at 410 nm were
harvested for the chemical analyses. determined. Results were compared with standard
Cellular density was counted daily for the firstnitrate solution in concentration from 0 to 300
eight days of the experiment to determine theng.L™
growth of each microalgae. The final cellularSodium and magnesium were determined by the
density was determined at the end of thetomic absorption spectrophotometry as described
experiment. These analyses were performed usig Malavolta et al (1989). Sulphur was
a binocular Zeiss microscope, with Neubauetietermined by the turbidimetry according to
chambers from samples preserved with 4 9%arruge and Haag (1974). Phosphorus was
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measured by molibdo-vanadato of ammoniunTukey test was performed and ran in the SANEST
colorimetric method and potassium wasprogram (Sarriés et.atl992).

determined in a flame photometer, according to

Bezerra Neto et a(1994).

Data were treated statistically by the analysis of

variance (ANOVA) with(J= 0.05. Additionally, a
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Figure 1 - Growth curves ofChaetoceros graciligA) and Tetraselmis graciligB) cultivated in
f/2 Guillard medium during the first eight daystbé experiment.

RESULTS AND DISCUSSION expressed in biomass and density increase,
proteins, pigments, carbohydrates contents over a
Cellular density certain period of time (Becker, 1995). As it

Chaetoceros gracilis Cylindrotheca closterium happens in any superior vegetable, microalgae
and Tetraselmis gracilis have been used biomass and chemical composition can vary
successfully as a nourishing source for a variety gfccording to environment conditions and the age
clams and other organisms (Sukenik and Wahnowf the culture (Lourenco et.all998; Renaud et.al
1991; McCausland et .al 1999). The growth 1999; Araljo, et al 2005). InC. gracilis cultures,
curves forC. gracilis and T. gracilis from the pH varied from 7.7 to 9.5 and from 7.5 to 10QTin
present study are presented in Figure 1A and 1Bracilis cultures.

A cell count for C. closterium could not be The highest chlorophylh mean value was found
accurately determined because of cell clumpingn C. closterium(13.76+1.1 mg.LY), followed by
This difficulty was also noted by Brown (1991).  T. gracilis (7.12+0.61 mg.L) and C. gracilis

C. graciliscellular density at the end of the culture(3.28+0.82 mg.L), with significant differences
cycle presented the best result, reachingmong the species (P<0.05) (Figure 2A). These
8,442+7.07x1B cell.L",while T. gracilis reached values were higher than those found by Lourenco
562+19.45x10 cell.L?, with a significant et al (1997), who cultivated. gracilisin Conway
difference between species (P<0.05). Similamedium (1.51-3.57 mgl) and by Brown (1991),
cellular density values forC. gracilis (95- Wwho cultivatedC. gracilisin /2 (0.78 pg.cét or
6,415x1G cell.L'Y) were also determined by 1.48 mg.L'). High chlorophyll a values were
Yamashita and Magalhdes (1984) using FeNS g@obably due to the high cell density, which
the growth medium. Lourenco et.a(1997) diminished irradiation inside the carboy, leading to
cultivating T. gracilisin Conway medium, found the increased production of chlorophgl(Lopez-
highest cellular density values (1,71%t@ll.L"). Mufioz et al 1992; Sauodi-Helis et .al1999;
The high densities were probably because Conwayalenzuela-Espinoza et.a2002).

medium was more nutritive than f2-Guillard. C. gracilis had the highest amount of soluble
carbohydrates, with a value 6£1+0.01 mg.L,
Chemical composition followed by C. closterium(0.09+0.01 mg.I}) and

One of the best parameters to monitor microalga&. gracilis (0.06+0.01 mg.L), with significant
production is the estimation of growth, generallydifferences between the first two (P<0.05) (Figure
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2B). These values were considered low for thgracilis and C. closterium T. gracilis showed
analyzed culture phase (final exponential phas®wer inorganic nutrient content, with a significant
where the species tended to accumulatdifference in potassium levels (P<0.05) (Table 2).
carbohydrates), due to nitrogen limitation duringAs the present study showed, there were
the log phase for the protein synthesis, reducingdifferences in the chemical composition among
the amount of soluble protein, as also observed these three microalgal species, even when
Brown (1991), Brown et a1997) and Renaud et cultivated under the same conditions. These
al. (1999). This was also observed in this work irdifferences could be related to specific differences
relation to soluble protein (Figure 2C), where thén the cell metabolism and therefore resulted in a
highest value was found inC. closterium variation of the chemical balance of chloroptgyll
(0.62+0.04 mg.LY), followed by C. gracilis proteins, carbohydrates and minerals. These
(0.58+0.02 mg.lY) and T. gracilis (0.38+0.04 factors, when associated to other chemical
mg.L"). There was a significant difference components, such as vitamins, were essential in
between the first two and the third (P<0.05). promoting the herbivorous growth (Chu et, al
The total free amino acid also showed this trend982; Webb and Chu, 1983; Brown et 4P98).
(Figure 2D), with significant differences among

the species (P<0.05)C( closterium 23.28+0.84

mg.L?, C. gracilis 15.25+1.40 mg.L}, T. graciis  CONCLUSION

1.49+0.12 mg.IY). These values were lower than

those obtained by Fabregas et(@B85b), whose The microalgaeC. gracilis C. closteriumand T.
mass culture off. suecicawas found to have a gracilis, when cultured in f/2-Guillard medium, in
maximum protein value of 306 mg'Lin carboy, showed quantitative differences in
logarithmic culture phase. Koening et €1990b) chemical composition and biomass. These
determined the chemical composition dF. variations were observed in chlorophgllsoluble
tetratheleusing organic fertilizer as the medium. proteins, carbohydrates, free total amino acids,
They observed that under these conditions, theyineral content and cellular density. gracilis
soluble protein amount was 310 mg.L presented lower results, producing significantly
C. closteriumhad the highest values for nitratelower values in the majority of the analyzed
(0.36£0.02 mg.L'), sodium (0.46x0.05 mg:)  parameters. With regards to chlorophglisoluble
and phosphorous (2.80+0.38 mg)L Nitrate protein and carbohydrates, closteriumshowed
values for C. closterium were significantly the highest results. It also showed a significantly
different from the other two species (P<0.05) andhigher nitrate amount. According to the chemical
sodium values were significantly different amongparameters analyzed and tested conditioBs,
the species (P<0.05)C. closteriumphosphorus closterium was the best nutritional option for
values were different significantly from gracilis  aquaculture.

(P<0.05). Potassium content (0.02 mY.Land

sulphur content (0.03 mg™) were equal forC.
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Figure 2 - Amounts of chlorophyla (A), soluble carbohydrates - CHO - (B), solubletpins (C)
and free total amino acids - Total AA - (D) in threnicroalgae species cultured in
carboys with /2 - Guillard mediun€C.g. - Chaetoceros gracilisC.c. - Cylindrotheca
closterium T.g. - Tetraselmis gracilisThe same superscript letters in columns indicate
means which do not differ significantly from eadher (P< 0.05).

Table 1 - Inorganic nutrient average valuess(.) for Chaetoceros gracilisCylindrotheca closteriumand
Tetraselmis graciligultured in carboys wtih f/2 - Guillard medium.

Chaetoceros gracilis Cylindrotheca closterium Tetraselmis gracilis

mg.L? mg.L? mg.L*
Nitrate 0.13t0.04 0.36t0.0% 0.08:0.07°
Sodium 0.07 0.46t0.05 0.03
Potassium 0.02 0.02 0.0P
Phosphorus 2.09:0.0% 2.80+0.39 0.95: 0.16
Magnesia 14.78:0.08 4.970.06' 6.95:0.3C°
Sulphur 0.03 0.03 0.0F

The same superscript letters in columns indicate means which difepsignificantly from each other (P< 0.05).
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mg.L") e magnésio (14,7& 0,08 mg.L"). C. Chu, F. L. E; Dupuy, J. L. and Webb, K. L. (1982),
closterium apresentou a maior concentracdo paraPonsaccharlde composition of five algal specie=dus
clorofila a (13,76+ 1,11 mg_l;l), proteina soldvel as food for larvae of the american oysterassostrea

1 NP - virginica. Aquacul 29:(%4), 241-252.
(0,62 £ 0,04 mg.L'), aminoacidos totais livres Fabregas, J.; Herrero, C.; Abalde, J. and Cabdxas,

(23,82+ 0,84 mg.L"), nitrato (0,36 0,02 mg.LY), (1985a), Growth, chlorophylh and protein of the
sodio (0,46+ 0,05 mg.L") e fosforo (2,80 0,38  marine microalga Isochryrsis galbanain batch
mg.L"). Os teores de potassio (0,02 md.le cultures with different salinities and high nuttien
enxofre (0,03 mg.t) foram iguais par&. gracilis ~ concentrationsAquacul 50, 1-11.

e C. closteriumA espéci€T. gracilisapresentou os Fabregas, J.; Herrero, C.; Cabezas, B. and Abdlde,
menores valores nas variaveis analisadas, excett98°b). Mass culture and biochemical variabilify o
para clorofilaa. Apresentando-se, portanto, entre € marine microalgaretraselmis suecicgKylin)

as trés espécies analisad@s,closteriumcomo a Egt;gl‘f\gm high nutrients: concentrationaquacul

melhor opgao nutriqional, dent_r_'e as Condi(576‘5?—3::1bregas, J.; Herrero, C.; Cabezas, B. and Abdlde,
observadas, para projetos em aquicultura. (1986), Biomass production and biochemical

composition in mass cultures of the marine micraalg
Isochrysis galbana Parke at varying nutrient
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