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Abstract  

Odontella aurita is a promising nutracuetical being rich in omega fatty acids and fucoxanthin. A strain of O. aurita 

was isolated from the waters of Bay of Bengal and a pure culture was established. The identification of the isolate was 

confirmed through scanning electron microscopy. The pigment profile of O. aurita was analyzed through HPLC. The isolate 

was found to be very rich in fucoxanthin and had moderate levels of β carotene. The culture medium was optimized. Urea 

and ammonium chloride were found as the most suitable sources of nitrogen for culture. Supplementation of the nutrient 

medium with Nualgi, a commercial formulation of micronutrients on a silica base was found to promote growth.  
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Introduction 

There is a renewed interest in microalgal mass 

culture in context of their role in CO2 sequestration. The 

most promising and practical utility of microalgae is in the 

field of nutracueticals. While only three microalgal species 

are now mass cultured on a commercial scale for this 

purpose, there are several others with potential. Among 

them, diatoms with their PUFA rich lipids hold promise as 

a good source of omega fatty acids and useful carotenoids. 

One such diatom species is Odontella aurita (Lyngb.) C. 

Agardh.  O. aurita is an approved novel food by Innovalg 

(France), being a potential source of the most touted omega 

fatty acids docosahexaenoic acid (DHA) and 

eicosapentaenoic acid (EPA) (Wen and Chen, 2005). It is 

also valued for its pigment fucoxanthin – a carotenoid with 

beneficial effects for multiple human health conditions 

(Peng et al., 2011)   and also for its proteins and its mineral 

silicon. O. aurita is used in cosmetic industry-the lipophilic 

extracts are used for resisting skin ageing (Moreau et al., 

2006). It is also reported to have anti-proliferative activity 

(Moreau et al., 2006). O. aurita is a cosmopolitan marine 

centric diatom that is abundant in all ocean waters existing 

either in planktonic or epiphytic form (Round et al., 1990). 

With no culture repository of marine phytoplankton in 

India despite its long sea coast, a bioprospecting was done 

for O. aurita in the Bay waters of the Bay of Bengal along 

the coast of India. The nutrient medium for its mass culture 

was optimized.  

Materials and Methods 

Sample collection and establishment of pure culture 

Surface water was collected from the waters of Bay 

of Bengal at the fishing harbor in Visakhapatnam at ~8am 

in February 2009. The sea water temperature at the time of 

collection was 27±2°C and salinity was 40 ppt. The water 

was collected in amber colored Teflon coated glass bottles. 

Water samples were concentrated over 50, 20 and 10 
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micron netting, and washed with filtered sterile sea water 

into Pyrex conical flasks (500 ml) containing f/2, f/10, f/20 

and f/50 media (Guillard and Ryther, 1962). The flasks 

were stoppered with cotton and incubated under a constant 

light of 50 µmol m-2s-1 and 22±2 °C. In five days, visible 

algal growth was noticed. From these flasks single cells 

isolation method (Anderson, 2005) was used to establish 

cultures. The cells in the cultures were observed under the 

light microscope. From among the several pure cultures 

thus established, the one with Odontella aurita was 

identified from the cell morphology under the light 

microscope. After two subcultures, antibiotic treatment 

was done for eliminating bacterial contamination. 

Penicillin (2000 ppm) treatment was given to the algal 

culture for one day (Spencer, 1952). Cultures were washed 

thrice thoroughly to remove the antibiotic and then 

transferred to f/2 medium. To ensure that the culture was 

bacteria free, an aliquot from these cultures was spread on 

TYG agar plates (0.5% tryptone, 0.25% yeast extract 0.1% 

glucose and 1.5% Agar). The plates were incubated for 

three weeks at 26°C (Ferris and Hirsch, 1991).  

Scanning electron microscopy 

To confirm the identity of the species, scanning 

electron microscopy was done. The culture (10 ml) was 

taken and an equal quantity of concentrated sulphuric acid 

was added and agitated gently. To this, potassium 

permanganate (saturated KMnO4 in distilled water, freshly 

made) was added in a hood and left for some time. The 

sample bubbled and turned brown at first. KMnO4 was 

added continuously with intermittent agitation until the 

liquid turned purple indicating complete oxidation of all 

organic matter inside the cells. Then, oxalic acid (saturated 

in distilled water, freshly made) was added little at a time, 

agitating gently after each addition. Initially it bubbled 

vigorously. Oxalic acid was added until the solution 

became clear. The clear solution was centrifuged and the 

supernatant liquid was decanted. Distilled water was added 

to the pellet and mixed thoroughly and centrifuged. This 

washing step was done several times. A drop from the final 

solution was observed under a light microscope to ensure 

that the organic matter is completely oxidized (Hasle and 

Fryxell, 1970). Depending upon the density of the sample, 

one to four drops of cleaned sample was placed on a cover 

slip. It was dried over night in an incubation chamber. 

Then, two to four drops (depending on viscosity) of resin 

with a high refractive index were added to give contrast. 

The dried cells on the cover slip were glued to a stub, 

sputter coated with gold and placed in SEM (Jeol JSM 

5800 LV Model) to obtain the digital image on screen. The 

digital image was saved.   

Pigment profile 

The pigment profile of the cells was analyzed with 

HPLC. The cells were pelleted from 2 ml culture by 

centrifugation at 6000 rpm for 10 min. To the cell pellet, 5 

ml ice cold methanol (HPLC grade) was added. The cells 

were vortexed and left overnight in a refrigerator at 4°C. 

This treatment was found sufficient for complete extraction 

of pigments. The sample was centrifuged at 8000 rpm for 

10 min to obtain a clear solvent for HPLC. Agilent 1200 

HPLC system (Santa Clara CA, USA) equipped with 

quaternary pump, auto injector Peltier, column thermostat, 

temperature controlled auto sampler and Chemstation 

software was used. Pigments were detected with a diode 

array detector at 450 and 665 nm (with 20 nm bandwidth). 

The 665 nm wavelength was used to quantify chlorophylls 

a, b, c as they respond similarly and strongly in this 
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wavelength. The carotenoids and xanthophylls were 

detected and quantified at 445 nm (Van Heukelem and 

Thomas, 2001). 

Formulation of a mineral medium for optimal growth of 

Odontella aurita 

Walne’s medium with Si (Walne, 1970) was taken as 

the base for optimization. The effect of replacement of 

micronutrient mix in Walne’s medium with Nualgi-a 

patented (PCT/IN05/00195 US patent application no 

0070275856) commercially available readymade 

micronutrient mix was tested. The best nitrogen source 

among NaNO3, KNO3, NH4Cl and urea was determined. 

The cultures for the experiments were set up in 250 ml 

conical flasks. Microalgal cell inoculum was drawn from 

exponentially growing cultures. An inoculum volume that 

would constitute 20% of the final culture volume was 

dispensed. The culture volume in the flask was 70% of its 

capacity. The flasks were maintained at 60–90 µmol 

photons m-2s−1 irradiance at a 12:12h light: dark cycle and 

a temperature of 22±2°C. The flasks were agitated twice 

every day. The experiments were replicated in space and 

time. Growth kinetics was studied through making cell 

counts and computing the generation time and specific 

growth rate (Furnas, 2002) and measuring the dry biomass 

at stationary phase of the culture. 

Statistical analysis 

 The statistical significance of the differences 

observed between treatments was assessed using one way 

ANOVA. The normality and homoscedasticity of the data 

was checked through Kolmogorov-Smirnoff and Cochran’s 

tests, respectively prior to conducting ANOVA.  When the 

analysis of variance showed a significant F ratio, Tukey 

HSD test was performed to test the level of significance 

between two means The statistical tests were done with 

applications of principal components analysis in the 

software assistat-statistical assistance (Silva et al., 2009) 

available at http://faculty.vassar.edu/lowry/webtext.html 

(Lowry, 2005).  

Results 

Cell morphology 

The cells of Odontella aurita under the light 

microscope were solitary with four auriculate projections 

and occasionally formed chains. The cells were found to 

have numerous chloroplasts lying along the cell wall. In 

the SEM images, each valve of the cell showed two labiate 

processes (Fig. 1A, B). The cells are oblong in girdle view 

(Fig. 1C, D). Setae were observed on the cell wall (Fig. 1 

C, D). 

Pigment analysis 

Pigments typical of diatoms – chlorophyll a, c2, c3, 

fucoxanthin and diadinoxanthin were detected (Fig. 2, 

Table 1). The cultures were found to have high levels of 

fucoxanthin and modest amounts of β-carotene  

(Table 1). 

Table 1. Pigments estimated from HPLC profile of an 

Odontella aurita strain isolated from Bay of Bengal 

Peak No* Pigment mg l-1 pg cell-1 

1 Chl c2 5.15 3.44 

2 Chl c3 4.41 2.94 

3 Fucoxanthin 52.29 34.86 

4 Daidoxanthin 15.23 10.16 

5 Chl a 59.67 39.78 

6 β Carotene 7.70 5.13 

*in HPLChromatogram (Fig. 2) 
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Fig 1. SEM images of a tropical strain of Odontella aurita: A and B-valve view, C and D-Girdle view 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. HPLC profile of the pigment extract from Odontella aurita 

 

 

 

 

 

 

 

 

 

Table 2. Growth of Odontella aurita in a medium supplemented with Nualgi-patented silica based micronutrient mix 

 Max cell no x 106 ml-l Specific growth 

rate (µ) 

Generation time(h) 

 G=24/µ  

Dry biomass(gl-1) 

Walne’s 0.91 (±0.88)b 0.33 (±0.002)b 73.53 (±0.39)a 0.58 (±0.02)b 

Walne’s with Nualgi  

(g l−1)  

1.15 (±1.33)a 0.37(±0.002)a 65.11(±0.37)b 0.75 (±0.02)a 

ANOVA  df=1,  

F=230.03,  

p <0.001 

df=1, 

F=180,        

p <0.001 

df=1, 

F=245.53,     

p <0.001 

df= 1, 

F=32.2, 

p<0.001 

Means with the different superscript alphabet within a column are dissimilar with the Tukey HSD value being significant at 

0.05 probability 
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Table 3. Growth of Odontella aurita in Walne’s medium*with Nualgi substituted with different forms of nitrogen 

Nitrogen 

source * 

Max cell no x  

106 ml-l 

Specific growth 

 rate (µ) 

Generation time(h) 

G=24/µ 

Drybiomass  

(g l-1) 

NaNO3 1.17(±1.33)c 0.37(±0.002)c 65.11(±0.37)a 0.75 (±0.02)c 

KNO3 1.19(±1.18)c 0.38(±0.002)bc 64.26(±0.31)a 0.77 (±0.02)c 

NH4Cl 1.26(±1.98)b 0.38(±0.003)b 62.44(±0.47)b 0.89 (±0.01)b 

Urea 1.39(±2.13)a 0.40(±0.003)a 60.19(±0.42)c 1.02 (±0.02)a 

 

ANOVA & 

Tukey HSD 

df = 3, 

F =30.49,  

p <0.001; 

HSD[.05]=6.05 

 df = 3,  

F = 24.32,  

p<0.001;  

HSD[.05]= K>2, 

significant F-ratio.    

 df = 3, 

F=30.47,  

p <0.001; 

 HSD[.05]=1.37 

df = 3, 

F=53.51  

p <0.001; 

HSD[.05]=0.07 

*(100 mg l-1) 

HSD [.05] = the absolute [unsigned] difference between any two sample means required for significance at 0.05 probability. 

Means with the different superscript alphabet within a column are dissimilar with the Tukey HSD value being significant at 

0.05 probabilities. 

Culture medium 

Nualgi – the commercial micronutrient formulation 

on silica base was found to boost growth (Table 2). Among 

the nitrogen sources, urea was found best (Table 3). 

Ammonium chloride was found to be a more suitable 

nitrogen source than sodium or potassium nitrate (Table 3). 

A biomass of ~g l−1 was obtained in the optimized Walne’s 

medium with 100 g l−1 of urea replacing sodium nitrate and 

1 g l−1 of Nualgi micronutrient mix instead of the  

micronutrient mix of Walne’s medium (Table 3). 

Discussion 

A pure culture of Odontella aurita was established. 

The medium for promoting optimal growth was 

formulated. Urea and a micronutrient mix marketed as 

Nualgi were found to promote good growth. Nualgi was 

also found to boost growth of the pennate diatom 

Cylindrotheca fusiformis and C. closterium in our previous 

studies (Suman et al., 2012). Urea has been reported as a 

good nitrogen source for microalgal growth in several 

studies (Antia et al., 1977; Casal et al., 2010; 

Makarevičienė et al., 2011; Zuka et al., 2012).  Compared 

to green algae, the maximum cell number attained in the 

cultures is much lower and generation time was also very 

long but the biomass obtained was comparable to the 

values reported in cultures of several microalgal species. 

O. aurita is reported to be grown in continuous culture in a 

mixture of seawater and a salt groundwater in shallow 

outdoor tanks, either alone or in association with two 

macroalgae, Chondrus crispus and Palmaria palmata. 

Both these seaweeds are authorized for food use in France 

(Braud, 1998). The Odontella aurita isolate was found to 

be highly fucoxanthin rich. A daily intake of fucoxanthin 

in mice was reported to result in significant reduction in 

body weight (Maeda et al., 2008). Maeda et al. (2008) also 

reported that abdominal white adipose tissue (WAT) 

weights of rats and mice fed with fucoxanthin were 

significantly lower than those fed a control diet. Thus O. 

aurita has a pharmaceutical application in management of 

obesity particularly abdominal fat. Fucoxanthin has been 

shown to have several beneficial activities-anti-cancerous, 

anti-oxidant, anti-inflammatory, anti-angiogenic, anti-

diabetic, anti-ageing, anti-obesity, anti-malarial and 
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protective effect on bones, eyes and cardiovascular system 

(Peng et al., 2011). Thus O. aurita besides having a 

nutraceutical potential for its high content of the omega 

fatty acids EPA and DHA is a source for fucoxanthin with 

very valuable drug properties and cosmetic applications. 

An isolate of Odontella aurita suitable for tropical weather 

is thus available for biotechnological use. The isolate is 

deposited in the UTEX culture collection. 

Acknowledgements  

We thank MoES (MoES/11-MRDF/1/20/P08) and 

DST (DST/IS-STAC/CO2SR-32/07) New Delhi, India for 

providing research grants for the work. We are thankful to 

Dr. D.V. Subba Rao, Bedford University of Oceanography, 

Dartmouth, NS, Canada for training us in isolation and 

establishment of microalgal pure cultures. We are thankful 

to Dr. Sahana Hedge and Mr. Khadekhar, NIO, Goa, India 

for helping us with sample preparation for SEM. We are 

also thankful to Dr. Sarma V.V.S.S and Mr. Tamoghna 

Achrya of the regional research centre of NIO, 

Visakhapatnam, India for help in HPLC work.  

References 

Andersen RA (2005). Algal Culturing Techniques. 

Amsterdam: Elsevier Academic Press, Netherlands. 

Braud J (1998). Simultaneous culture in pilot tanks of the 

macroalga Chondrus crispus (Gigartinaceae) and 

the microalga Odontella aurita (Eupodiscaceae) 

producing EPA. Actes de colloques-IFREMER, 

Vol. 21, pp. 207. 

Casal C, Cuaresma M, Vega JM, Vilchez C (2010). 

Enhanced productivity of a lutein-enriched novel 

acidophile microalga grown on urea. Marine 

Drugs, 9: 29-42. 

Ferris MJ,  Hirsch C (1991). Method for isolation and 

purification of cyanobacteria. Appl  Environ 

Microbiol., 57: 1448. 

Furnas M (2002). Measuring the growth rates of 

phytoplankton in natural populations. In Subba Rao 

DV, Editor, Pelagic Ecology Methodology, 

Balkema Publishers, pp. 221-249.  

Guillard R, Ryther J (1962). Studies of marine planktonic 

diatoms. I. Cyclotella nana Hustedt, and Detonula 

confervacea (cleve) Gran. Canadian J. Microbiol., 

8: 229. 

Hasle GR, Fryxell GA (1970). Diatoms: cleaning and 

mounting for light and electron microscopy. Trans 

American Microscopical Soc., 89: 469-474. 

Lowry R (2005). Concepts and applications of inferential 

statistics. Available at 

http://faculty.vassar.edu/lowry/webtext.html. 

Maeda H, Tsukui T, Sashima T, Hosokawa M,  Miyashita 

K (2008). Seaweed carotenoid, fucoxanthin, as a 

multi-functional nutrient. Asia Pacific J 

Clinical Nutrition, 17: 196-199. 

Makarevičienė V, Andrulevičiūtė V, Skorupskaitė V, 

Kasperovičienė J (2011). Cultivation of microalgae 

Chlorella and Scenedesmus as a potential biofuel 

feedstock. Environ Res Eng Mgmt., 57:  21-27. 

Moreau D, Tomasoni C, Jacquot C, Kaas R, Le Guedes R, 

Cadoret  JP, Muller Feuga A, Kontiza I, Vagias C, 

Roussis VF (2006). Cultivated microalgae and the 

carotenoid fucoxanthin from Odontella aurita as 

potent anti-proliferative agents in 

bronchopulmonary and epithelial cell lines. Environ 

Toxicology Pharmacology, 22: 97-103. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Casal%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21339944
http://www.ncbi.nlm.nih.gov/pubmed?term=Cuaresma%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21339944
http://www.ncbi.nlm.nih.gov/pubmed?term=Vega%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=21339944
http://www.ncbi.nlm.nih.gov/pubmed?term=Vilchez%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21339944
http://www.ncbi.nlm.nih.gov/pubmed/21339944
http://www.ncbi.nlm.nih.gov/pubmed/21339944


Suman et al., 2013 

 

Naval JA, Brigitte RB, Daniel JB, Serge YM (1977). 

Effects of urea concentration in supporting growth 

of certain marine microplanktonic algae. 

Phycologia, 16:  105-111. 

Peng J, Yuan J, Wu C, Wang J (2011). Fucoxanthin, a 

marine carotenoid present in brown seaweeds and 

diatoms: metabolism and bioactivities relevant to 

human health. Mar Drugs, 9: 1806–1828 

Round F.E., Crawford R.M, Mann D.G. (1990) Diatoms 

Biology and Morphology of the Genera. 

Cambridge: Cambridge University Press, UK.   

Silva FAS, Azevedo CAV(2009). Principal components 

analysis in the software assistat-statistical 

assistance. Reno, American Society of Agricultural 

and Biological Engineers, Vol. 7, pp. 1-5. 

Spencer C (1952). On the use of antibiotics for isolating 

bacteria-free cultures of marine phytoplankton 

organisms. J. Mar. Biol. Assn., UK, 31: 97-106. 

Suman K, Thomas Kiran M, Uma Devi K, Sarma S Nittala 

(2012). Culture optimization and lipid profiling of 

Cylindrotheca species, a lipid and polyunsaturated 

fatty acid-rich pinnate diatom and potential source 

of eicosapentaenoic acid. Botanica Marina, 55: 

289-300. 

Van Heukelem L, Thomas CS (2001). Computer-assisted 

high-performance liquid chromatography method 

development with applications to the isolation and 

analysis of phytoplankton pigments. J. 

Chromatogr., A 910: 31-49. 

Walne PR (1970). Studies on the food value of nineteen 

genera of algae to juvenile bivalves of the genera 

Ostrea, Crassostrea, Mercenaria and Mytilus. 

Fisheries Investigation London HM Stationery 

Office, 26: 1-62. 

Wen Z, Chen F (2005). Prospects for eicosapentaenoic acid 

production using microorganisms. In: Cohen Z,  

Ratledge C, editors. Single cell oils, Amer Oil 

Chemists Society. pp. 138-160.  

Zlatan Zuka Z, Mc Connell B, Farag I (2012). Comparison 

of freshwater and wastewater medium for 

microalgae growth and oil production. J. Am. Sci., 

8: 392-398.  

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Peng%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Yuan%20JP%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Wu%20CF%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Wang%20JH%5Bauth%5D

