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Abstract

Among live feeds, micro algae constitute the primary food of almost all aquatic organisms. Maotility, cell size and cell constituents are the main criteria in
selecting suitable live feed to various culture organisms at different stages of their growth. Levels of assimilates such as soluble protein, free aminoacids, total
soluble sugars and lipids were estimated from six cultures of microalgal feed to compare the nutritive efficiency of these live feeds. The phytoflagellate
Isochrysis and the diatom Chaetoceros were found to contam all the basic assimilates in satisfactory levels, although the species of Chlorella, Tetraselmis,
Dunaliella and Nannochloropsis contained more levels of protein (45 mg/g dry wt). The results of investigation were compared and discussed in the light of
manipulating the dietary requirement of cultivable molluscs and crustaceans at their different growth stages.

Introduction

Micro algal species used in an algal diet for bivalve
culture may be characterized by its size, chemical composition,
digestibility and non-toxicity (Webb and Chu, 1982). The lipid
and fattyacid composition of certain species of Chlorella,
Pseudoisochrysis and Pyramimonas were reported by Chu and
Dupy (1980). Monosaccharide composition of eight micro algal
feeds for bivalves was reported by Chu et al., (1982) and protein
and aminoacid composition in nine species were reported by
Parsons et al., (1961). In the present study a comparison of the
basic biochemical constituents in some of motile and non-motile
phytoplankton feeds cultured in our laboratory was made in
order to understand and compare the levels of these constituents
in them as well as in their mixture in different proportions to
supply a balanced diet to bivalve molluscs as well as in the
formulation of compounded feed.

Materials and Methods

Cultures (not bacteria free) of Isochrysis galbana
(Haptophyceae, size 7-8 W), Tetraselmis gracilis (12-14 w,
Dunaliella salina (8-10 ), Nannochloropsis salina (2-3 1) and
Chlorella marina (3-4 ) all belong to Chlorophyceae and
Chaetoceros calcitrans (Bacillariophyceae, 2-5 p) were
maintained in the laboratory in Walnes medium (Walne, 1970)
in sterilized seawater (28-32 ppt) at room temperature(27-29°C)
with a light intensity of 1500 lux from fluorescent lamps and
generally a photoperiod of 14/10 hrs light/dark. Another set of
these cultures was maintained in Walnes medium with varied
concentrations of kinetin (5-15 pg/l) in reduced photoperiod
(10714 hrs of L/D) to study the effect of kinetin and altered
photoperiod. Ten liters of these cultures at their exponential
phase (10th day after inoculation) were centrifuged in

- polypropylene tubes at 6000 rpm for 10 min. The cells were
washed in 0.5% ammonium formate isotonic with sterile
seawater and dried at 80 +_1° C overnight. From the dry cells

;protein (Lowry et al., 1951), lipids (Barnes and Blackstock,
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1973), soluble sugars (Dubois et al., 1956) and free
aminoacids (Troll and Canan, 1953) were determined
spectrophotometrically with suitable standards.

Results and Discussion

Among the six species of micro algae studied, Isochrysis
contained maximum levels of protein (59.62 mg/g dry wt.).
Chaetoceros contained soluble sugars and lipids to a maximum
of 33.62 mg/g dry wt and 16.17 mg/g dry wt respectively and
Chlorella registered higher levels of aminoacids (4.03 mg/g
dry wt) than the other species (Table 1). In an attempt to
understand the levels of micronutrients and growth hormones
and the rate of photoperiod on the accumulation of basic
biochemical constituents in these micro algal cultures, 10 g/l
of kinetin was observed to be effective in increasing the levels
of protein ranging from 4% in Isochrysis to 20% in Dunaliella
(Table 2).

Table 1. Levels of basic biochemical constituents in six species of
microalgae (mg/g dry wt + Standard Error)

Species Protein Soluble sugars Lipids Amino acids
Isochrysis 59.62+6.2 26.52+5.8 14.43£2.4 2.57x1.7
Tetraselmis 51.54+4.8 17.15+2.9 10.54+2.6 2.73x1.3
Dunaliella 42.16+7.8 12.2842.5 07.20+1.9 2.04+0.9
Chaetoceros 56.37+5.7 33.62+5.2 16.71£3.3 3.05+0.8
Chlorella 54.11+£7.4 30.65+4.3 10.23+2.8 4.03x2.1
Nanochloropsis  49.67+6.3 15.20+3.4 11.28+2.4 3.11%1.3

Table 2. Effect of Kinetin (10 ug/I) and reduced photoperiod (10/14 of L/D
on the levels of protein (mg/g dry wt + S.E)

Species Control conditions  Experimental conditions Increase over the
(Walne’s medium (10 pg/1 kinetin in walne’s Control
and L/D=14/10kr) midium and L/D=10/14 hr) (%)

Isochrysis 59.62+6.1 62.30+5.4 104
Tetraselmis 50.54+4.8 59.35+4.8 116
Dunaliella 4216278 48.34+3.7 120
Chaetoceros 56.37+5.7 60.49+4.1 107
Chlorella 54.11£7.4 58.22+5.9 108
Nanochloropsis 49.67+6.3 52.16+3.6 105




Protein, aminoacids, fatty acids and carbohydrate
composition of microalgae are qualitatively similar but are
markedly different quantitatively (Chu and Dupy,1980; Web
and Chu, 1982). Composition of the micro algae reported here
(Table 1) pertained to growing cells in their exponential phase
of growth which were sampled on the 10th day after inoculation.
The reported values in mg/g dry wt of algal cells can be of use
while incorporating these algae in compounded feed.

According to Parsons and his co-workers (1961), a
protein:carbohydrate:lipid ratio of approximately 4:3:1 is
suitable for zooplankton and bivalve larvae. Our results in Table
1 showed all the unialgal species contained proteins-sugars-
lipids-aminoacids in decreasing order. Although the composition
of basic assimilates is sound, the cell size, motility and cellwall
composition and thickness are the important factors determining
suitability. Non-motile forms like Chlorella, Nannochloropsis
and Chaetoceros may settle down if the water is not agitated
sufficiently. Size of cells also determine the filtering efficiency
and mouth parts orientation of the species or the life history
stage of the organisms being reared (Babinchak and Ukeles,
1979). Feeding experiments have proved that diet consisting of
more than one species of alga is superior over diet consisting
single species of micro alga (Walne, 1970; Epifanio, 1979).
Hence our results presented in Table 1 can be of use in providing
bivalve larvae and juveniles a balanced algal diet.

Our finding that 10 ug/t of kinetin in the culture medium
even at low photoperiod caused an increase of 4-20% in the
protein levels of algal cells (Table 2) is parallel to the illustrations
of Spoehr and Milner (1949) that light intensity and temperature
do alter the nutrient composition in Chlorella and of Burkiewicz
(1987) that gibberellins and cytokinins stimulate cell division
and increase the dry weight of these species of micro algae.
Attempts in this line of micro-agriculture is of some advantage
in manipulating the nutritive value of phytoplankton feeds in
culture so as to provide the candidate species under culture a
balanced, blended and natural diet.

Acknowledgments

The authors are grateful to Dr. M. Devaraj the Director,
Dr. V. N. Pillai the Head of Division and to Shri
G.Girijavallabhan the Project Leader for providing
encouragements and for showing keen interest.

References

Barnes, H. and Blackstock, J.,1973. Estimation of lipids in
marine animals tissues. Detailed investigation of the
sulphophospho vanillin method for total lipids.
J.exp.Mar.Biol.Ecol.,12:103-118.

Babinchak, J. and Ukeles, R.,1979. Epifluorescence microscopy,

312

a technique for the study of feeding in Crassostrea
virginica veliger larvae. Mar.Biol., 51:69-76.

Burkiewicz, K., 1987. The influence of Gibberellins and
cytokinins on the growth of some unicellular Baltic algae.
Bot. Marina, 30:63-69.

Chu, FL. and Dupuy, L.S., 1980. The fatty acid composition
of three unicellular algal species used as food sources
for larvae of the American oyster. Lipids, 15:356-364.

Chu, FL., Dupuy, J.L. and Webb, K.L., 1982. Polysaccharide
composition of five algal species used as food for larvae
of the American oyster, Crassostrea virginica.
Aquaculture, 29: 241-252.

Dubois, M., Gilles, K.N., Hamilton, J.K., Rebers, P.A. and
Smith,F.,1956. Colorimetric method for determination
of sugars and related substances. Anal. Chem.,28:350-
356.

Epifanio, C.E., 1979. Growth in bivalve molluscs: Nutritional
effects of two or more species of algae in diets fed to the
American oyster Crassostrea virginica and the hard clam
Mercenaria mercinaria. Aquaculture, 18:1-12.

Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randal, R.J.,
1951. Protein measurement with the folin phenol
reagent. J.Biol. Chem., 193:265-275.

Parsons, T.R., Stephens, K. and Strickland, J.D.H., 1961. On
the chemical composition of eleven species of marine
phytoplankters. Journal of the Fisheries Research Board
of Canada, 18: 1001-1016.

Spoehr, H.A. and Milner, H.W., 1949, The chemical
composition of Chlorella, effect of environmental
conditions. Plant Physiol., 24: 120-149.

Troll, W. and Canan, K., 1953. A modified photometric
ninhydrin method for the analysis of amino acids.
J.Biol.Chem., 200:803-811.

Walne, PR., 1970. Studies on the food value of nineteen genera
of algae to juvenile bivalves of the genera, Ostrea,
Crassostrea, Mercenaria and Mytilus. Fishery
Investigations, Ministry of Agriculture, Fisheries and
Food, London, U.K., Series I1,26:1-62.

Webb, K.L. and Chu, FL., 1982. Phytoplankton as a food
source for bivalve larvae. In:G.D.Pruder, J.C.J.London
and D.E.Contlin (Editors), Biochemical and
Physiological Approaches to shellfish Nutrition.
Proceedings of the second International conference on
Agquaculture Nutrition. Lousiana State University,
Lousiana, 272-291.



