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Abstract

The marine diatom Chaetoceros calcitrans f. pumilus
has been examined for its potential source as live feed
in aquaculture. The present study investigated effects
of temperature (20, 25 and 30 °C), salinity (25 and 35)
and carbon dioxide addition (air+CO,) on the
growth and proximate composition of C. calcitrans
under laboratory conditions. The growth and bio-
mass of C. calcitrans were primarily affected by
carbon dioxide addition, and to a lesser extent by
temperature and salinity. In general, lipid and carbo-
hydrate contents were higher at lower temperatures
(20 and 25 °C), while the protein content was unaf-
fected. Carbon dioxide addition increased protein,
while lowering carbohydrates, but had no effect on
lipid content. Carbohydrates were increased while li-
pids and protein decreased at the highest salinity
(35 & 0.9). These results should be taken into consid-
eration when evaluating the dietary value of this
micro alga for aquaculture.

Keywords: Chaetoceros calcitrans, growth, compo-
sition, temperature, salinity, carbon dioxide, live
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Introduction

Micro algae are the major food source for many aqua-
tic organisms and the main live feed component in
marine hatchery operations because they serve as a
natural resource for polyunsaturated fatty acids. The
diatom Chaetoceros calcitrans is considered as the
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most popular strain used in hatcheries, especially
for shrimp larvae. This species gives vital energy and
organic nutrients for the growth and development of
larvae and juveniles (Jeffrey, Brown & Garland 1994).
Its culture is an important activity, which influences
the nutritional value of aquatic herbivores (Whyte,
Bourne & Hodgson 1989) as well as the economic
aspects of their culture (Coutteau & Sorgeloos 1992).
Very few investigations on the optimal condition for
the growth of C. calcitrans are available. Liang (1985)
reported the effect of silicate and its optimum level on
growth of this diatom. The operation of a cultivation
column in airlift mode was proven to be successful
and a high growth rate could be achieved even with
a lower light intensity than the optimal. The mass
production of C. calcitrans through a bioreactor and
high growth rate have been reported (Sontaya, Wora-
pannee, Sorawit & Prasert 2005). Many specific char-
acteristics are thought to influence the nutritional
value of micro algae, such as cell wall digestibility
(Epifanio, Valenti & Turk 1981), cell size and bio-
chemical composition (Fernandez-Reiriz, Perez-
Camacho, Ferreiro, Blanco, Planas, Campos & Labarta
1989). However, no information is available on the en-
vironmental conditions for the growth of the diatom
C. calcitrans and its effects in proximate compositions.
The biochemical composition of micro algae depends
on their environmental conditions, growth rates or
the micro algal life cycle (Richmond 1986). The im-
portant factors used to evaluate the nutritional value
of a species are growth rates, in terms of cell numbers
or biomass and biochemical composition, which
should be optimized in terms of vital nutrients. The

1053



Protocol for micro algal culture G Raghavan et al.

Aquaculture Research, 2008, 39, 1053—-1058

main factors controlling micro algal growth and
composition are light, nutrients, temperature and
pH (Tzovenis, De Pauw & Sorgeloos 1997; Zhu, Lee &
Chao 1997), but other factors such as salinity can also
be important for a few species (Chu, Phang & Goh
1996). The aim of the present work was to determine
the effect of temperature, salinity and carbon dioxide
addition on the biochemical composition and growth
of the marine diatom C. calcitrans at different levels in
a tropical commercial hatchery condition. The work
mainly focuses on the total proximate composition.

Materials and methods

Micro alga culture was obtained from the algal stock
collection of Central Marine Fisheries Research Insti-
tute, Kochi, India, and maintained under laboratory
conditions. Experiments were performed to test the
effects of temperature, salinity and carbon dioxide
concentration on the growth and gross biochemical
constituents of this species individually. Temperature
was tested at three levels (20, 25 and 30 °C), while two
salinities (25 and 35) and two CO, conditions [with
(+) and without ( —) CO,] were used for other ex-
periments. Carbon dioxide concentration was moni-
tored by the free carbon dioxide method, which is
based on the titration of dissolved carbon dioxide
with NaOH (0.03 N), with the end-point reaction at
pH 79 (Baumgarten, Rocha & Nienchesky 1996).
Cultures were maintained using Walne medium
(Walne 1974) in a Hauffkine culture flask (4 L) in a
temperature-controlled algal chamber. Before each
experiment, cultures remained at the determined ex-
perimental conditions for an adaptation period of
approximately five generations. The cultures were
started by inoculating a volume of 5-10% the total
volume. Cell counts were performed daily to deter-
mine the maximum cell density and specific growth
rate (K), which was calculated by linear regression of
the log, cell concentration on time, at the exponen-
tial growth phase (Guillard 1973). Each experiment
was conducted in triplicate. Chlorophyll a concentra-
tion was determined at the initial and final phases of
the experiment, by filtering a known culture volume
on GF/F filters and extracting the pigment in 90%
acetone solution for 24 h at — 20 °C. Fluorescence
was then determined in the extract with a Turner De-
signs TD 700 fluorometer, according to Welschmeyer
(1994). Light intensity was kept at 500 pmolm ~2s 1
under a photoperiod of 12 h L:12 h D. Experiments
were conducted in batch cultures, which were grown
until either late exponential phase or early stationary

phase. Algal biomass was obtained by concentrating
the three replicates from each treatment on GF/F
Whatman filters, using a Millipore peristaltic pump.
The samples retained on the filters were dried at
60 °C until constant weight. The filters with algae
samples were stored at — 20 °C until chemical analy-
sis. The biochemical composition of C. calcitrans was
determined in terms of total protein, total lipids and
total carbohydrates. Total lipids were extracted ac-
cording to Bligh and Dyer (1959), as modified by
Whyte (1987). In the lipid extract residue (polymeric
fraction), total protein was determined by the Kjel-
dahl technique (Whyte 1987). Samples retained in
GF/F filters were hydrolyzed in 10 mL 80% sulphuric
acid (Myklestad & Haug 1972), and carbohydrates
were determined according to Dubois, Gilles, Hamil-
ton, Rebers and Smith (1956). Statistical analysis in-
cluded one-way analysis of variance (ANova) and
Tukey test. Total protein, total carbohydrate and total
lipid percentages were transformed using arcsine
before statistical analysis.

Results

The effect of temperature, salinity and carbon
dioxide addition on the growth of C. calcitrans

Temperature had a significant effect (P <0.05) on the
growth rate of C. calcitrans (Fig. 1a) under a salinity of
25 but not under high salinity (35). Higher growth
rates of C. calcitrans occurred when carbon dioxide
was added to the cultures (Fig. 1a). The highest tem-
perature (30 °C) caused the growth rate to be lower at
salinity 25, with no addition of carbon dioxide. Tem-
perature showed no effect (P> 0.05) on the maximum
cell concentration (Fig. 1b), although a visible trend of
high values at 25 °C was observed when carbon diox-
ide was added. Carbon showed lower values at 30 °C
(Fig. 1c), while chlorophyll per cell (Fig. 1d) was not
affected by temperature or any other factors tested.
Salinity (25—35) had no significant effect (P> 0.05) on
C. calcitrans growth, maximum cell density, biomass
and chlorophyll per cell (Fig. 1a—d). However, an affi-
nity of higher growth and biomass as well as low cell
concentration was observed at the lower salinity.

The effect of temperature, salinity and carbon
dioxide addition on the biochemical
composition of C. calcitrans

Temperature seems to influence the biochemical
composition. At temperatures 20 and 25 °C, lipids
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Figure 1 (a) Growth rate, (b) cell density, (c) carbon and
(d) chlorophyll a under different temperatures, salinities
(25 and 35) and with (+) and without (-) addition of CO>.

and carbohydrates were higher than at 30°C
under salinity 25 (Fig. 2a and b). Protein was not
significantly affected by temperature, but an affinity
for lower values was observed at 25 °C under salinity
35 (Fig. 2c). The effect of carbon dioxide on the
biochemical composition of C. calcitrans is shown
in Fig. 2a-c. An increase in protein content
(Fig. 2¢) and a decrease in carbohydrates (Fig. 2b)
were noted.
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Figure 2 (a) Total lipids, (b) carbohydrates and (c) protein
under different temperatures, salinities (25 and 35) and
with (+) and without (-) addition of CO,.

Discussion

The effect of temperature on the growth rate of micro
algae has been observed in other species. Significant
increases in growth rates of Chaetoceros pseudocurvi-
setus, Skeletonema hantzschii, Skeletonema costatum
with a maximum at 25 °C were observed by Yoshihiro
and Takahashi (1995). Renaud, Thinh, Lambridis and
Parry (2002) attributed the higher growth rate of
Chaetoceros sp. to an increase in temperature from
25 to 30 °C. Fogg and Thake (1987) stated that a lower
micro algae growth rate could be a result of the
increase in respiration due to rise in temperature
above the species’ optimum level. It is possible that all
these effects are related to the results observed in
growth rate, and therefore in cell density and biomass
in this work. As the results suggest, the adequate
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temperature for C. calcitrans is between 20 and 25 °C,
under the conditions used in these experiments.

Salinity (25-35) had no significant effect on
growth, maximum cell density, biomass and chloro-
phyll per cell, although a tendency of higher growth,
biomass and lower cell density was observed at the
lower salinity. The observed contrast between higher
growth rate and lower maximum cell density could
be explained by a limitation in some nutritional fac-
tor not determined at the lowest salinity (25), as the
medium of this salinity was obtained by dilution of
the seawater. Further tests are needed to determine
the cause of such results.

Higher growth rates occurred when carbon diox-
ide was added to the cultures, indicating that
although other factors may be sufficient, the nutrient
can limit the algal growth. Increases in growth
rate have been observed in other micro algae species
with carbon dioxide addition (Olaizola, Duerr &
Freeman 1991). It was also reported that addition of
carbon dioxide to algal culture extends the exponen-
tial phase, which is important in the hatchery
system, as it provides maximum nutritional value
for aquatic animals (Fabregas, Otero, Dominguez &
Patino 2001).

In the present study, lipids and carbohydrates
were high at low temperatures, whereas the protein
value was low at 25 °C. According to Renaud, Zhou,
Parry, Thinh and Woo (1995), the maximum lipid
content coincides with the optimal range in growth
temperature in many species and varies at tempera-
tures below and above this range. Another investiga-
tion showed a higher lipid content at 25°C for
Chaetoceros sp., while Rhodomonas sp., Cryptomonas
sp. and Isochrysis sp. showed higher concentrations
between 27 and 30°C (Renaud et al. 2002). All
the species studied showed a significantly lower
protein content at temperatures above 27 °C. Carbo-
hydrates in Chaetoceros sp. were significantly higher
between 25 and 30 °C and became lower at higher
temperatures. In general, the results of biochemical
composition of C. calcitrans are in accordance with
other similar works. Lipids and carbohydrates are
considered as stored energy products (Thompson,
Guo & Harrison 1992) and their decrease can nega-
tively affect the growth and metabolic activities
of cells.

The present study suggests that temperatures be-
tween 20 and 25 °C could be used to optimize the nu-
tritional value of C. calcitrans due to the higher lipid
and carbohydrate and adequate protein content un-
der these conditions. Higher levels of carbohydrates

are reported to produce higher growth of Ostrea edu-
lis juveniles (Enright, Newkirk, Craigie & Castell
1986) and larvae of Patinopecten yessoensis (Whyte
et al. 1989).

The effects of salinity on proximate composition of
algae are shown in Fig. 2a—c. Protein content was low
at a salinity of 35, while lipids and carbohydrate in-
creased slightly by mineral fraction. Although many
species of micro algae are tolerant to great variations
in salinity, their chemical composition can be af-
fected (Brown, Jeffrey & Garland 1989; Roessler
1990). Protein, lipids and carbohydrates seem
slightly affected by a wide range of salinity for most
micro algae species (Richmond 1986). However, in
some species, increases in ash and lipid content were
observed at higher salinity (Ben-Amotz, Fishler &
Schneller 1987). Fabregas, Herrero, Abalde and Cabe-
zas (1985) reported a decrease in the protein content
with an increase in salinity. The result shows that a
salinity of 25 is optimum for C. calcitrans in terms of
growth and chemical composition.

The effect of carbon dioxide on the biochemical
composition of C. calcitrans is shown in Fig. 2a—c.
A decrease in carbohydrate (Fig. 2b) and an increase
in protein content (Fig. 2¢c) were noted when carbon
dioxide was added to the culture. Brown, Jeffrey,
Volkman and Dunstan (1997) noticed an increase
(100%) in protein content when cultures were
enriched with 1% carbon dioxide in many species in
different groups of micro algae. Lipids and carbohy-
drates, on the other hand, were not affected. In
Phaeodactylum tricornutum, the protein content was
increased with carbon dioxide addition (Chrismadha
& Borowitzka, 1994). Chu et al. (1996) observed
increases in lipids and carbohydrates at protein
expenses in the diatom Nitzschia inconspicua, when
the culture was enriched with 5% (v/v) of carbon
dioxide. In the present work, C. calcitrans apparently
directed the extra-assimilated carbon mainly to
protein synthesis, indicating a positive effect on
cell physiology. Probably, the cells were investing
the excess of carbon assimilated much more in
protein synthesis and growth rather than lipids
and carbohydrates as reserve substances in micro
algae.

According to the results, a salinity of 25, tempera-
ture between 20 and 25 °C and addition of carbon di-
oxide seems more adequate for enhanced growth of
C. calcitrans and high biochemical composition in
terms of protein, lipids and carbohydrates. The sys-
tem could be useful for the high algal production
and successful operation of a hatchery system.

© 2008 The Authors

1056 Journal Compilation © 2008 Blackwell Publishing Ltd, Aquaculture Research, 39, 1053—-1058



Aquaculture Research, 2008, 39, 1053-1058

Protocol for micro algal culture G Raghavan et al.

Acknowledgments

The first author acknowledges the Department of
Ocean Development for the award of Research Assis-
tantship. We are grateful to the Director, CMFRI, for
providing the facilities required.

References

Baumgarten M.G.Z., Rocha JM.B.R. & Nienchesky L.FH.
Manual de Analises Quimicas em Oceanografia Biologica.
Editora Universidade do Rio Grande, 1996, 132pp.

Ben-Amotz A., Fishler R. & Schneller A. (1987) Chemical
composition of dietary species of marine unicellular algae
and rotifers with emphasis on fatty acids. Marine Biology
95, 31-36.

Bligh E.G. & Dyer W.J. (1959) A rapid method of total lipid ex-
traction and purification. CanadianJournal of Biochemistry
and Physiology 37, 911-917.

Brown M.R., Jeffrey SW. & Garland C.D. (1989) Nutritional
Aspects of Micro Algae Used in Mariculture: A Literature
Review. CSIRO Marine Laboratories Report 205, 44pp.

Brown M.R., Jeffrey SW.,Volkman J.K. & Dunstan G.A. (1997)
Nutritional properties of micro algae for mariculture.
Aquaculture 151, 315-331.

Chrismadha T. & Borowitzka M.A. (1994) Effect of cell-den-
sity and irradiance on growth, proximate composition
and eicosapentaenoic acid production of Phaeodactylum
tricornutum grown in a tubular photobioreactor. Journal
of Applied Phycology 6, 67—74.

Chu WL., Phang SM. & Goh S.H. (1996) Environmental
effects on growth and biochemical composition of
Nitzschia inconspicua Grunow. Journal of Applied Phycology
8, 389-396.

Coutteau P. & Sorgeloos P. (1992) The use of algal substitutes
and the requirement for live algae in the hatchery and
nursery rearing of bivalve molluscs: an international
survey. Journal of Shellfish Research 11, 467—476.

Dubois M., Gilles K.A., Hamilton ].K., Rebers P.A. & Smith F.
(1956) Colorimetric method for the determination of su-
gars and related substances. Analytical Chemistry 18,
350-356.

Enright C.T., Newkirk G.E, Craigie ].S. & Castell J.D. (1986)
Growth of juvenile Ostrea edulis L. fed Chaetoceros gracilis
Schqtt of varied chemical composition. Journal of Experi-
mental Marine Biology and Ecology 96, 15-26.

Epifanio C.E., Valenti C.C. & Turk C.L. (1981) A comparison of
Phaeodactylum tricornutum and Thalassiosira pseudonana
as food for the oyster Crassostrea virginica. Aquaculture
23,347-353.

Fabregas]., Herrero C., Abalde]. & Cabezas B. (1985) Growth,
chlorophyll a and protein of the marine micro
algae Isochrysis galbana in batch cultures with different
salinities and high nutrient concentrations. Aquaculture
50,1-11.

© 2008 The Authors

Fabregas J., Otero A., Dominguez A. & Patino M. (2001)
Growth rate of the micro alga Tetraselmis suecica changes
the biochemical composition of Artemia species. Marine
Biotechnology 3, 256—263.

Fernandez-Reiriz M.]J., Perez-Camacho A., Ferreiro M.J.,
Blanco J., Planas M., Campos M.J. & Labarta U. (1989)
Biomass production and variation in the biochemical
profile (total protein, carbohydrates, RNA, lipids and fatty
acids) of seven species of marine microalgae. Aquaculture
83,17-37.

Fogg G.E. & Thake B. (1987) Algal Cultures and Phytoplankton
Ecology. The University of Wisconsin Press, Madison, W1,
USA, 269pp.

Guillard R.R.L. (1973) Methods for microflagellates and nan-
noplankton. In: Handbook of Phycological Methods (ed. by
J.R. Stein), pp. 69—85. Cambridge University Press, Cam-
bridge, UK.

Jeffrey SW., Brown M.R. & Garland C.D. (1994) Micro algae
for mariculture. Final report to FRDC on ‘Bacteria-free
(Axenic) Microalgae for Improved Production of Larval
and Juvenile Bivalves’ and ‘Micro Algae for Mariculture),
79pp.

Liang L. (1985) Growth response of Chaetoceros calcitrans
(Bacillariophyceae) in batch culture to a range of initial
silica concentrations. Marine Biology 5, 37—41.

Myklestad S. & Haug A. (1972) Production of carbohydrates
by the marine diatom Chaetoceros affinis var. Willei (Gran)
Hustedt: L. Effect of the concentration of nutrients in the
culture medium. Journal of Experimental Marine Biology
and Ecology 9,125-136.

Olaizola M., Duerr E.O. & Freeman DW. (1991) Effect of CO,
enhancement in an outdoor algal production system
using Tetraselmis sp. Journal of Applied Phycology 3,
363—-366.

Renaud S.M., Zhou H.C., Parry D.L., Thinh LV. & Woo K.C.
(1995) Effect of temperature on the growth, total lipid con-
tent and fatty acid composition of recently isolated tropi-
cal micro algae Isochrysis sp., Nitzschia closterium,
N. paleacea, and commercial species Isochrysis sp. (clone
T. ISO). Journal of Applied Phycology 7, 595—602.

Renaud S.M., Thinh LV,, Lambridis G. & Parry D.L. (2002)
Effect of temperature on growth, chemical composition
and fatty acid composition of tropical Australian
micro algae grown in batch cultures. Aquaculture 211,
195-214.

Richmond A. (1986) Cell response to environmental factors.
In: Handbook of Micro Algal Mass Culture (ed. by A. Rich-
mond), pp. 69—99. CRC Press, Boca Raton, USA.

Roessler P.G. (1990) Environmental control of glycerolipid
metabolism in micro algae: commercial implications
and future research directions. Journal of Phycology 26,
393-399.

Sontaya K., Worapannee L., Sorawit P. & Prasert P. (2005)
Optimal growth conditions and the cultivation of Chaeto-
ceros calcitrans in airlift photobioreactor. Chemical
Engineering 105, 91-98.

Journal Compilation © 2008 Blackwell Publishing Ltd, Aquaculture Research, 39, 1053—-1058 1057



Protocol for micro algal culture G Raghavan et al.

Aquaculture Research, 2008, 39, 1053—-1058

Thompson PA., Guo M.X. & Harrison PJ. (1992) Effects
of variation in temperature: I. On the biochemical
composition of 8 species of marine-phytoplankton. Jour-
nal of Phycology 28, 481—488.

Tzovenis I., De Pauw N. & Sorgeloos P. (1997) Effect of differ-
ent light regimes on the docosahexaenoic acid (DHA)
content of Isochrysis aff. galbana (clone T-ISO). Aquaculture
International 5, 489-507.

Walne PR. (1974) Culture of Bivalve Molluscs. 50 Years Experi-
ence at Conway. Fishing News (Books), West Byfleet, Surrey,
UK, 173pp.

Welschmeyer N.A. (1994) Fluorometric analysis of chloro-
phyll a in the presence of chlorophyll b and pheopigments.
Limnology Oceanography 39,1985-1992.

Whyte J.N.C. (1987) Biochemical composition and energy
content of six species of phytoplankton used in maricul-
ture of bivalves. Aquaculture 60, 231-241.

Whyte J.N.C., Bourne N. & Hodgson C.A. (1989) Influence
of algal diets on biochemical composition and energy
reserves in Platinopecten yessoensis (Jay) larvae. Aquaculture
78, 333-347.

Yoshihiro S. & Takahashi M. (1995) Growth responses of sev-
eral diatom species isolated from various environments to
temperature. Journal of Phycology 31, 880—888.

Zhu CJ., Lee Y.K. & Chao T.M. (1997) Effects of temperature
and growth phase on lipid and biochemical composition
of Isochrysis galbana TK1. Journal of Applied Phycology 9,
451-457.

© 2008 The Authors

1058 Journal Compilation © 2008 Blackwell Publishing Ltd, Aquaculture Research, 39, 1053—-1058



