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Abstract

Nannochloropsis oculata, was grown in four different culture media with different composition and was analyzed to study the effect of
media on the biochemical composition of the microalgae. The species was cultured in Walne’s, Miquel’s, Chu#10 and /2 media
simultaneously, keeping the physicochemical factors viz. temperature (22°C), light intensity (2000 lux), pH (8.0) and salinity (35ppt.)
constant. The microalgae were harvested in the late exponential phase of growth to carry out the biochemical analysis to find out
chlorophyll a, protein, lipid and carbohydrate content. The results revealed that the culture media has significant effect on the
biochemical composition of the micro algae thus influencing its nutritional status. The highest protein content was observed in the alga
grown in Miquel’s medium (32.05%). The carbohydrate was highest when grown in Chu#10 medium (19.12%) and lipid content was
highest when grown in f/2 (18.93%) medium. The protein and lipid content showed statistically significant variation in different media.
N. oculata grown in Walne’s medium gave the maximum cell count, cell density and chlorophyll a content. But the protein, lipid and
carbohydrate content of the species were significantly low compared to other culture media. The result showed that the nutritional status

of the microalgae depends on the composition of the culture media used.
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Introduction

In all the aquatic system micro algae forms the basis of the food
pyramid as they are used as feed by all the other organisms either
directly or indirectly. Therefore aquaculture industry rely on
microalgal culture, since they are required to feed the larval and
young stages of majority of cultivable finfish and shell fish for
better survival and growth. Aquaculture of filtering molluscs,
echinoderms, crustaceans (especially penaeid shrimps), and small
larvae of fish, generally require microalgae either as direct feed
or as feed for the zooplankton such as which is in turn used as
feed by these species I 2. Since the per capita demand for fish
and seafood show a double fold increase in the last 50 years
reaching to 20 kg in 2015, aquaculture is the only scope in front
of the world to meet this demand. In fact most of the fish
consumed comes from the aquaculture systems in recent years %I,
Microalgae are considered as a sustainable feedstock [l and are
sought after mainly for the lipid contents and carotenoids. It is
preferred in most of the aquaculture industry because of the better
economic management, water management and health
management 1. In these circumstances, research on nutritional
status of the microalgae which can be mass produced and used in
the aquaculture systems for the better production from the
aquaculture systems, is of great significance. The most widely
used algae are Nannochloropsis oculata, Isochrysis galbana,
Pavlova lutheri, Pavlova salina, Tetraselmis striata, Dunaliella
salina, Chlorella virginica, Chaetoceros sp., Skeletonema sp.,
Phaeodactylum sp. and Thalassiosira sp., etc. & 7. But poor
larval survival still remains to be bottle neck in the development
of aquaculture industry, mainly because of inadequacy in the
larval nutrition. Several studies have been conducted on the
modulation of nutritional status of the microalgae to meet the
nutritional requirement of the particular species of larvae. This is
made possible by modulations in the culture strategies as well as
the composition of the media [ €.

Nannochloropsis species are widely used as food in aquaculture
for growing small zooplankton such as rotifers copepods,
cladocerans and Artemia. It is also used extensively in reef tanks
for feeding SPS corals and other filter-feeders that require
extremely small phytoplankton to thrive. Because of its high
content of eicosapentaenoic acid (EPA), Nannochloropsis sp. has
also [kg]een proposed as a source of dietary polyunsaturated fatty
acid P,

One of the most important species belonging to this genus is N.
oculata. In the present study, the variation in growth and
nutritional status of this micro alga in different media would be
investigated so as to identify a media, which support good growth
and at the same time could provide a larval feed rich in PUFA
and protein.

Materials and Methods

Pure culture of N. oculata maintained in f/2 medium was obtained
from Central Marine Fisheries Research Institute, Kochi, for the
present study. It was sub cultured in fresh f/2 medium prepared
using filtered and sterilized seawater of 35 ppt salinity. The
culture was maintained at a temperature of 22°C, pH 8 and a light
intensity of 2000 lux with a photoperiod of 12L:12D.
Contamination was checked every 3 to 4 days. Standard algal
culture procedures were used throughout the study [2],

In the present study, Walne’s 131 (Table 1), Miquel’s 2 (Table
2), Chu#10 31 (Table 3), and f/2 [*4] (Table 4) media were used
to study the difference in nutritional content of the algae. Culture
was done in 2000 ml Haffkine flasks with four replications for
each media. About 9 to 10 cells were inoculated per ml of the
media. On the 9" day during the late exponential phase the culture
was harvested using flocculation method by increasing the pH
using sodium hydroxide [, Haemocytometer was used to
estimate cell density.
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Table 1: Walne’s medium
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Table 5: Biochemical composition of Nannochloropsis oculata in
different media

1ml of A, 0.5 ml of B and 0.1 ml of C were added to 1 liter of filtered
and sterilized water.

Table 2: Miquel’s medium

R Reagents | g/ 100ml
Solution A
Potassium nitrate | 220.2
Solution B
Sodium orthophosphate 4.0
Calcium chloride 2.0
Ferric chloride 2.0
Hydrochloric acid 2.0ml

0.55 ml of A and 0.50 ml of B were added to 1 liter of filtered and
sterilized water.

Table 3: Chu#10 medium

Reagents 9/100 ml
Calcium nitrate 4.0
Potassium orthophosphate 0.5
Magnesium sulphate 2.5
Sodium carbonate 2.0
Sodium silicate 2.5
Ferric chloride 0.8

Added 1 ml of the solution to 1L of filtered and sterilized water.

Table 4: f/2 medium

Reagents | g/100ml
Solution A
Sodium nitrate 7.500
Sodium orthophosphate 0.500
Sodium silicate 3.000
Solution B
Ferric chloride 0.315
Sodium EDTA 0.436
Copper sulphate 0.980
Zinc sulphate 2.200
Cobalt chloride 1.000
Manganese chloride 18.00
Sodium molyhdate 0.630
Solution C
Biotin 0.020
Cyanocobalamin 0.100
Thiamine HCI 0.100

Added 3 ml solution A, 1ml Solution B and 0.5 ml Solution C to 1 L of
filtered and sterilized water.

Reagents | /100 ml
Solution A Medium | Protein (%) Lipid (%) Carbohydrate (%)
Ferric chloride 0.130 Walne’s | 26.19+6.08 | 10.03+3.12 17.44+ 3.13
Manganese chloride 0.036 Miquel’s | 32.05+1.35 | 12.14+3.36 17.76% 2.09
Boric acid 3.360 Chu 14.40+23 | 1557+2.46 19.12+2.78
Sodium EDTA 4.500 f2 23.61+x2.41 | 18.93+1.27 15.73+3.10
Sodium orthophosphate 2.000
Sodium nltraste _ 10.00 Chlorophyll
olution B . .
Zinc chioride 5100 Chlorophyll a content was determined by the acetone extraction
Cobalt chloride 2.000 method %1, About 10 ml of culture was taken and centrifuged.
Ammonium molybdate 0.900 The pigments were extracted with 10 ml 100% acetone. After
Copper sulphate 2.000 extraction the cell debris was removed by centrifugation. The
Solution C absorbance of the solvent extract was measured at 663 nm and
Thiamine HCI 0.010 645 nm against solvent blank. Later the chlorophyll content was
Cyanocobalamin 0.010 estimated using the following equations.

Chlorophyll a = (12.7 X ags3) — (2.69 X agss)

Protein

Protein content of the microalgae was estimated using the
technique dye binding method [*61. Bovine serum albumin was
used as protein standard. Representative aliquots of culture were
taken and cells were collected by centrifugation. The cells were
homogenized in 50 ml tris buffer. Later protein was precipitated
using 20% trichloroacetic acid. The protein was collected by
centrifugation, and then washed in 90% ethanol in 20 ml tris.
Absorbance at 595 nm was measured and graph was plotted.

Lipid

The lipid content of the algae was determined using Sulpho-
phospho vaniline method 71, 500 mg of dry algae was taken in a
homogenizer and added 10 ml of chloroform- methanol mixture.
The homogenate was filtered through Whatmann no.1 filter
paper. It was then transferred to a separating funnel and kept
overnight to form a biphasic layer. The lower lipid layer was
taken and the volume was adjusted to 10 ml by adding
chloroform. Measured 0.5 ml of extract into a clean tube and
allowed to dry in vacuum desiccators over silica gel. Then added
0.5 ml of concentrated sulfuric acid and mixed well. Plugged with
non-absorbent cotton. Heated in a boiling water bath for 10
minutes and the cooled at room temperature. 0.2 ml of lipid
extract was taken in a test tube and added 5 ml of vanillin reagent,
mixed well, and allowed to stand for 30 minutes. Later, measured
the absorbance at 520 nm.

Carbohydrate

Carbohydrate was estimated using phenol-sulphuric acid method
8,100 mg of centrifuged sample pellet was taken and
homogenized using mortar and pestle and it was diluted in 20 ml
distilled water. 1ml of sample was taken in three test tubes each.
Added 0.05 ml of 80% phenol to each test tube and shake well.
Kept it for ten minutes. Added 5 ml conc. H,SO4 to each test tube.
Shake well and kept for half an hour at room temperature. Later
absorbance was read at 490 nm.

Statistical analysis

Statistical analysis of the data was carried out using analysis of
variance technique using the software available in Microsoft
Windows. Comparison of means using‘t’ test was done [,
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Results and Discussion

In the present study the marine microalge N. oculata was cultured
in four media such as Walne’s, Miquel’s, Chu#10 and /2 media
and cell numbers and cell density, chlorophyll a, protein, lipid
and carbohydrate content were estimated to understand the
modulations of these parameters in the different media.

The details in figure 1 reveals that the Walne’s medium supported
the maximum cell growth followed by Miquel’s and f/2 medium.
Walne’s medium gave the best result for cholorophyll a also as
shown in figure 2. The nutrient content as revealed in table 5
revealed that Miquel’s media gave the best result for the protein
content. Walne’s medium gave moderate values for protein, but
the lipid and carbohydrate content in the microalgae grown in this
medium was less, compared to all the other media used. The
nutrient content of N. oculata grown in Chu#10 medium showed
poor values for all the nutrients studied. Algae grown in the f/2
medium gave moderate values for protein and highest value for
lipid. The statistical analysis showed significant different
between he values obtained in the different media at 5% level of
significance.

The algal diets rich in carbohydrate was found to be best for larval
scallops (Patinopecten yessoensis) 2% and juvenile oysters
(Ostrea edulis) 21, if the polyunsaturated fatty acids are present
in sufficient quantities. The microalgae with high protein content
was found to give best growth for juvenile Pacific oyster
(Crassostrea gigas) ?? and mussels (Mytilus trossulus) 23, Thus
it can be seen that the nutrient requirement of the target species
of aquaculture are different and best results can be obtained by
giving them microalgae having a biochemical composition
meeting the requirement of these species. The nutrient content of
the same species of the algae can be changed according to the
requirement of the larvae to be fed by making small changes in
the composition of media. For example, the carbohydrate level of
the microalgae can be increased by limiting nitrate in the media
(241 In the present study the carbohydrate content of N. oculata
grown in different media were not significantly different (p<0.5).
But Miquel’s medium gave a significantly high content of protein
showing its efficiency to produce microalgae with high protein
content. Another phenomenon noted in the present study was the
effect of Walne’s medium. Although the microalgae grown in this
medium showed maximum cell density and chlorophyll a
content, the nutritional status of the micro algae produced was
found to be inferior compared to other media. This reveals that
the media which support a good growth of micro algae need not
be the best media in terms of nutritional quality of the algae
produced. The nutrient intake by the cell changes when cell
density increases [?°. They also suggested that the biochemical
composition of algae varies with media and some media may not
be good for some species. Therefore, after selecting the micro
algae for culture, it is necessary to find the best media for its
culture. Thus it is proved that a manipulation in the biochemical
composition of the microalgae N. oculata is possible through
culture in different media. The results obtained in the present
study are in accordance with the results of the study which
revealed that different media could produce some difference in
the biochemical composition of N. oculata [?61, The best media is
always the one that gives a nutritional content in micro algae as
per the requirement of the animal that is fed 271,
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Fig 1: Growth kinetics of Nannochloropsis oculata in four culture
media
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Fig 2: Chlorophyll a content of Nannochloropsis oculata in four
culture media
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