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ABSTRACT 

 The growth and biochemical composition of microalgae are considered to its potential utilization for various 

purposes. Culture conditions could amend the growth and biochemical composition of microalgae. The marine diatom 

Chaetoceros simplex has been examined for its growth and biochemical composition in different nitrate, phosphate and silicate 

concentrations. Growth, protein and carbohydrate content of C. simplex were significantly changed among the concentrations 

of macronutrients investigated. The maximum cell density, 18.23 × 10
5
 cells ml

-1
 was reached in 1764 µM nitrate, 

18.21 × 10
5
 cells ml

-1 
was reached in 72.4 µM phosphate and 19.56 × 10

5 
cells ml

-1
 was reached in 212 µM silicate 

concentration. The growth rate showed increasing trends with increase up to the concentration of silicate 265 µM, nitrate 

2646 µM and phosphate 90.5 µM. The carbohydrate and chlorophyll ‘a’ content showed increasing trends with increase in 

concentration up to 1764 µM nitrate, 72.4 µM phosphate and 212 µM silicate. The protein showed increasing trends with 

increase in concentration of nitrate phosphate and silicate up to 2205 µM nitrate, 90.5 µM phosphate and 265 µM silicate. 

Based on the results of the present study, Chaetoceros simplex culture could be used as larval feed or other purposes cultured 

using the above nutrient concentrations. 
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INTRODUCTION 

 Microalgae are simple photosynthetic organisms 

which are widespread in nature, playing key roles as 

primary producers in marine, freshwater and sub-aerial 

terrestrial systems [1]. Beside their remarkable 

environmental importance, some economic uses of 

microalgae have been recognized for decades [2]. 

Microalgae contribute a wide range of commercial 

products from consumables such as feedstocks, essential 

oils and drugs, to energy resources and means for carbon 

capture through biofuel production [3-5]. Microalgae 

growth and composition may be influenced by nutrients 

like nitrate, phosphate and silicate [6,7]. The influence of 

nitrate and phosphate concentrations on growth, 

extracellular polysaccharide production, fatty acid profile 

of marine diatoms has reported [8-10]. Modifications in 

culture medium such as nitrogen, phosphorus and silicate 

concentrations affect the growth rate of microalgae, 

cellular composition, fatty acid profile of the lipid fraction, 

as well as the final yield of the Isochrysis galbana [11]. 

There are various culture media to provide the nutrients for 

the growth of diatom. In the production of diatom with 

certain desired characteristics, the composition of the 

culture medium is a fundamental factor. The relationship 

between the nutrients used and the composition of the 

microalgal cells was examined by Becker, 1994 [12]. The 

aquaculture industry is rapidly growing and the larval 

rearing technology has a significant role. The early larval 

stages of crustacean and fishes require nutritionally 

balanced diet. In this view, the present study was carried 

out to develop optimum culture conditions of major 

nutrient concentrations in the media for C. simplex. 

 

MATERIALS AND METHODS 

 Microalgal culture Cheatoceros simplex strain 

was obtained from Rajiv Gandhi Centre for Aquaculture 

(RGCA), Sirkazhi, Tamilnadu, India. The unialgal culture 

was maintained under the laboratory conditions with F/2 

media [13]. 

 

Experimental Design 

 The experiments were conducted in 250 ml 

conical flasks with 100 ml algal cultures. Totally three 

triplicate experiments at five different concentrations for  
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each nutrient were conducted separately for 16 days under 

temperature 25 ± 1ºC, 68 µmol photon m
-2

 s
-1

 light 

intensity, pH 8.0-8.4 and Salinity 30 psu and at five 

different concentrations of nitrate, (441, 882 (F/2 media), 

1323, 1764, 2205 and 2646 µM), phosphate viz. (18.1, 36.2 

(F/2 media), 54.3, 72.4, 90.5 and 108.6 µM) and silicate 

(53, 106 (F/2 media), 159, 212, 265 and 318 µM). Each 

experiment was conducted in triplicate. Cell were counted 

at every 24 h interval with haemocytometer (0.1 mm 

depth) under a light microscope and expressed as 

10
5
 cells/ml. The growth rate (µ) was calculated by the 

formula of OECD, 2002 [14]. 

µ = In (N1 -N0) / t1-t0 

Where N0 and N1 is cell density values at times t0 and t1. 

 Chlorophyll ‘a’ concentration was determined by 

the modified method of Strickland & Parsons [15]. Briefly, 

5 ml of 90% acetone was added to 2 ml of algal culture and 

vortexed for 1 min and kept at 4ºC under dark for 24 h. 

Then the samples were centrifuged at 5000 rpm for 10 min. 

Supernatant was read at 630, 645 and 660 nm in UV-Vis. 

Spectrophotometer (Perkin-Elmer Lamda 25). Acetone 

used as blank. Ten-milliliter aliquots of algal cultures were 

collected by centrifugation at 5000 × g for 10 min. Protein 

and carbohydrate contents were estimated at the stationary 

phase of culture (those treatments reached stationary phase 

by cell density). Protein was determined by the Lowry’s 

method [16] using Bovine Serum Albumin (BSA) as a 

standard. Carbohydrate was estimated in pellets by the 

phenol-sulphuric acid method [17], using glucose as 

standard. 

 

Statistical Analysis 

 Data obtained in the present study was statistically 

analyzed by one way analysis of variance using SPSS 16.0 

software. 

 

RESULTS 

Cell Density 

Nitrate on cell density: The maximum cell density, 

18.23 × 10
5
 cells ml

-1
 was reached in 1764 µM nitrate 

concentration followed by 17.89 × 10
5 
cells ml

-1
 in 

1323 µM at 11
th

 day of culture. The higher concentrations 

(2205 µM and 2646 µM) showed fast growth during the 

early period of culture and later there observed a sudden 

decline in the growth from the 10
th

 day of the culture 

period. In general, the cell density showed an increasing 

trend with an increase in concentration up to 1764 µM and 

there after it showed decreasing trend. The cell density, 

17.56 × 10
5 
cells ml

-1
 was observed in 882 µM 

concentration at 11
 

days aged culture (Fig. 1). The 

statistical analysis with one way ANOVA revealed that 

effect of nitrate concentration on cell density of C. simplex 

was significantly differed at P<0.05 (Table 1). 

 

Phosphate on cell density: The maximum cell density, 

(18.21 × 10
5 
cells ml

-1
) was reached in 72.4 µM phosphate 

concentration followed by 17.89 × 10
5 
cells ml

-1
 in 

54.3 µM on the 11th day of culture. Higher concentration 

of phosphate showed less growth compared to other 

concentrations (Fig. 2). One way ANOVA inferred that 

effect of phosphate concentration on cell density of C. 

simplex was significantly differed at P<0.05 (Table 1). 

 

Silicate on cell density: The maximum cell density, 

19.56 × 10
5 
cells ml

-1
 was reached in 212 µM silicate 

concentration followed by 18.95 × 10
5 
cells ml

-1
 in 159 µM 

in 10 days aged culture. Lower concentration (50% of F/2 

concentration) shown minimum cell count and actual F/2 

media concentration (106 µM) shown medium cell density 

than other high concentrations of silicate (Fig. 3). One way 

ANOVA revealed that effect of silicate concentration on 

cell density of C. simplex was significantly differed at 

P<0.05 (Table 1). 

 

Specific Growth Rate: The growth rate showed increasing 

trends with increase in concentration of nitrate and silicate 

whereas phosphate showed an increasing trend up to 

90.5 µM and there after it decreased. The 265 µM 

concentration silicate recorded maximum (2.02 ± 0.07 

µ. Day
-1

) followed by 2646 µM nitrate (1.93 ± 0.07 

µ. Day
1
) and 90.5 µM phosphate (1.90±0.08 µ. Day

-1
). 

Minimum growth rate (1.26 ± 0.07 µ. Day
-1

) was observed 

at the lowest concentration of silicate (53 µM). The growth 

rate was higher in the higher concentrations when 

compared to the actual F/2 media composition (Fig. 4). 

 

Chlorophyll ‘a’ 

 The Chlorophyll ‘a’ content showed increasing 

trends with increase in concentration up to 1764 µM 

nitrate, 72.4 µM phosphate and 212 µM silicate and there 

after it decreased. The 212 µM concentration silicate 

recorded maximum (2.38 ± 0.16 pg. cell
-1

) followed by 

1764 µM nitrate (2.36 ± 0.13 pg. cell 
-1

) and 72.4 µM 

phosphate (1.35 ± 0.03 pg. cell
-1

). The highest 

concentration of silicate (265 and 318 µM) recorded 

minimum chlorophyll ‘a’ which was much lower than that 

of the chlorophyll ‘a’ content recorded at the lowest 

(53 µM) and actual (106 µM) concentration of silicate in 

the media (Fig. 5). 

 

Protein 

 The protein showed increasing trends with 

increase in concentration of nitrate, phosphate and silicate 

up to 2205 µM nitrate, 90.5 µM phosphate and 265 µM 

silicate and there after it decreased. The 2205 µM 

concentration nitrate recorded maximum 

(4.72 ± 0.53 pg. cell
-1

) followed by 90.5 µM phosphate 

(3.83 ± 0.35 pg. cell
-1

) and 265 µM silicate 

(3.66 ± 0.22 pg. cell
-1

). Minimum protein was observed at 

the lowest concentration of all the nutrients. The protein 

content was significantly higher (P≥0. 05) in the higher 

concentrations when compared to the actual F/2 media 

(Fig. 6). 

Carbohydrate 

 The carbohydrate showed increasing trends with 

increase in concentration of nitrate, phosphate and silicate 

up to 1764 µM nitrate, 72.4 µM phosphate and 212 µM 

silicate and there after it decreased. The 1764 µM 

concentration nitrate recorded maximum 

(0.85 ± 0.10 pg. cell
-1

) followed by 72.4 µM phosphate 



Vol 5 | Issue 1 | 2014 | 30-35.   

 

 32 

(0.75 ± 0.04 pg. cell
-1

) and 212 µM silicate 

(0.55 ± 0.05 pg. cell
-1

). Minimum protein was observed at 

the lowest concentration of nitrate (441 µM) and silicate 

(53 µM) nutrients and whereas in phosphate the highest 

concentration (108.6 µM) showed lowest carbohydrate 

(Fig. 7). 

 

Table 1. ANOVA results (between the concentrations) for cell densities with different nutrients 

Nutrient Source of Variation SS df MS F P-value F crit 

Nitrate Between Groups 51.31 5 10.26 0.22 0.95 2.33 

Within Groups 3617.80 78 46.38    

Phosphate Between Groups 32.04 5 6.4 0.13 0.98 2.32 

Within Groups 4083.19 85 48.03    

Silicate Between Groups 77.44 5 15.48 0.3 0.91 2.32 

Within Groups 4386.03 85 51.6    

 

Fig 1. Effect of Nitrate concentration on cell density 

(growth) (Mean ± SD) of C. simplex 

 

Fig 2. Effect of Phosphate concentration on cell density 

(growth) (Mean ± SD) of C. simplex 

 

Fig 3. Effect of silicate concentration on cell density 

(Mean ± SD) of C. simplex 

 

Fig 4. Effect of different concentrations of nutrients on 

growth rate of C. simplex 

 
Fig 5. Effect of different concentrations of nutrients on 

Chlorophyll ‘a’ of C. simplex 

 
 

Fig 6. Effect of different concentrations of nutrients on 

protein content of C. simplex 
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Fig 7. Effect of different concentrations of nutrients on carbohydrate content of C.simplex. 

 
 

DISCUSSION 

 In the present study, increased cell densities 

18.23 × 10
5 
cells ml

-1
, 18.21 × 10

5 
cells ml

-1
 and 

19.56 × 10
5 
cells ml

-1
 were achieved at 1764 µM nitrate, 

72.4 µM phosphate and 212 µM silicate concentration in 

the media respectively. Cucchiari et al. [18] reported that 

the cultures of Fibrocapsa japonica reached cell densities 

that were roughly 65% lower when grown in 200 mM 

nitrate and 7.3 mM phosphate, comparable to the densities 

reached in F/2 medium, which has a macronutrient 

concentration nearly five times higher. 

 Padhi et al. [19] obtained maximum growth of 

Chaetoceros curvisetus at 3 mM NaNO3 and declined 

slightly at 6 mM NaNO3. In the present study also the 

higher concentrations of nitrate and phosphate showed 

decreased growth when compared to the lower 

concentrations. Fabregas et al. [20] reported that biomass 

yield of Tetraselmis suecica did not increase under the high 

NaNO3 concentration but improved with the addition of 

CO2. This shows the possibility of excess NaNO3 may not 

be utilized due to limitation of other nutrients such as 

carbon and phosphate. 

 Chlorophyll ‘a’ content showed a direct 

relationship with the nutrient concentration. For all 

experiments, the chlorophyll ‘a’ per cell varied as a 

function treatment time. Eriksen and Iversen [21] observed 

the response in nitrogen-starved cells of Rhodomonas sp. 

when fresh medium was added. They found that the 

content of chlorophyll ‘a’ increased from 0.5 to 

1.5 pg. cell
-1

 during the first 23 h of incubation, but after 

the nitrate was exhausted, the chlorophyll decreased to 

0.3 pg. cell
-1

. In the present study, chlorophyll ‘a’ content 

was recorded the maximum of 2.4 pg. cell
-1

, 2.3 pg. cell
-1

 

and 1.34 pg. cell
-1

 at 1764 µM nitrate, 72.4 µM phosphate 

and 212 µM silicate concentration in the media 

respectively. 

 Muggli & Harrison [22] noted much lower 

chlorophyll ‘a’ in S. costatum (0.049 pg chlorophyll ‘a’ 

cell
–1

) at much lower nutrient concentrations (10 μM NO3 
– 

, 1 μM PO4
–3

 and 6 nM Fe
+2

). De la Curz et al. [23] also 

reported that chlorophyll ‘a’ content was directly related to 

cellular density and indirectly to irradiance level and 

concentration of nutrients. They recorded almost constant 

chlorophyll ‘a’ content (1.35 ± 0.15 pg. cell
–1

) in 

Rhodomonas sp. through the experiment.  The present 

study has the similar results with Eker-Develi et al. [24] 

and Young & Beardall [25] where the chlorophyll ‘a’ 

content per cell changed during the growth phase and it 

was the highest in early exponential growth under both 

high-nutrient and nutrient-limited conditions. Eker-Develi 

et al. [24] also recorded average Chlorophyll ‘a’ of 

0.8 pg. cell
-1

 in Prorocentrum micans and 0.4 pg. cell
-1

 in 

Skeletonema Costatum in their experiment with the effect 

of nutrients.  

 Padhi et al. [19] reported that the biochemical 

composition of Chaetoceros curvisetus changed in 

response to varied nitrate and phosphate concentration. The 

protein contents of 3.8 pg. cell
1
, 9.0 pg. cell

-1
, 23 pg. cell

-1
, 

13.1 pg. cell
-1

, 9.7 pg. cell
-1

, 83.4 pg. cell
-1

 of the marine 

diatoms, Chaetoceros calcitrans, C. gracilis, Nitzchia 

closterium, Phaeodactylum tricornutum, Skeletonema 

costatum, Thalassiosira pseudonana and Tetraselmis chui 

respectively were documented by Brown [26]. The protein 

content of C. simplex in the present investigation was 

ranged between 56.4 and 105.3pg.cell
-1

 in the lower 

concentration of silicate and higher concentration of the 

nitrate respectively and it showed higher values than 

Brown [26] this may be due to the increased concentrations 

of nutrients in the culture media. 

 Carbohydrates are used as chemical energy 

reserves in diatoms [27, 28]. An increase in the energy 

reserves of microalgae is usually associated with 

senescence and spore formation [29, 30]. The carbohydrate 

content was decreasing with decreasing concentrations of 

nutrients in the present study and the maximum of 

0.77 pg. cell
-1

 was comparable to the reported value of the 

carbohydrate content of 26.84 ± 0.80 ng/10
4
 cells in 

Skeletonema costatum by Yang et al. [31]. 

  

 The results of the present study reveal that the 

growth and biochemical composition of C. simplex was 

changed significantly than f/2 and altered nutrient 

concentrations in f/2 media was produced nutritionally rich 

biomass for larval diet or other purposes. 
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