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Abstract 
Water and soil samples were collected from gulf of Khambhat region, Gujarat. The cations and anions like calcium, chloride, fluoride, 

magnesium, sulphate and total hardness as calcium carbonate were analyzed. Collected estuarine samples were cultured in three different media 

under standard laboratory conditions. These enrichments were then used to isolate pure unialgal culture by conventional method. Thirty four 

isolates belonging to twelve species of Cyanobacteria, twenty species of Chlorophyta and two taxa of Bacillariophyta were identified and are 

maintained at SPRERI centre. The Chlorophyta were found better accumulators of lipids than the cyanobacterial species. Five promising strains 

(SBC 7, SBC 9, SBC 17, SBC 18 and SBC 19) have been selected. In-house isolates SBC19 and SBC 17 showed highest acetyl CoA 

carboxylase (ACCase) of 55.2 (U/ml) and 51.2 (U/ml) respectively, with 0.375 g l-1 nitrogen concentration in 24 days. Biomass production 

was highest for 2.4 g/l, (SBC 19) and 2.7 g/l (SBC 17) with 1.5 g l-1 nitrogen concentration. The highest lipid content was 52% and 48% in 

SBC19 and SBC 17, respectively, with 0.375 g l-1 nitrogen concentration of solvent extraction method. Lipid accumulation was found 

enhanced by more than 50% on dry mass basis under nitrogen starvation. 
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Introduction 

The depletion of fossil fuel reserves has caused an increase 

price of diesel fuel. The uncertainty in their availability is 

considered to be the important trigger for researchers to 

search for alternative sources of energy, which can 

supplement or replace fossil fuels (Harun et al., 2010; Mata 

et al., 2010). In recent years, researches are busy exploring 

alternate fuels from various biological renewable sources. 

Biodiesel is an alternate to diesel fuel, which is produced 

from oils via transesterification. It is non-toxic, 

biodegradable and has the potential to replace the 

conventional diesel fuel. The use of biodiesel will 

ultimately leads to reduction of harmful emissions of carbon 

monoxide, hydrocarbons and particulate matter and to the 

elimination of SOx emissions, which can also help in 

reducing the greenhouse effects and global warming. 

Presently, biodiesel is produced from different crops, such 

as, soybean, rapeseed, sunflower, palm, coconut, jatropha, 

karanja, used fried oil and animal fats (Khan et al., 2009). 

There is a limitation in use of these oils as alternate fuels 

because of its food demand, life span, lower yield/ha, higher 

land usage and higher price inter alia (Mata et al., 2010). It 

is therefore necessary to search for non-food alternate 

feedstocks for biodiesel production. Selection of biodiesel 

feedstock is based on higher yields, short duration, lower 

production cost and less land usage. Among various 

biodiesel feedstocks, the microalgae oil has potential to 

replace the conventional diesel fuel. Microalgae are 

desirable for biofuels production as compared to plants 

because (1) microalgae have fast growth rates, high biomass 

yield potential using non-fresh water streams as substrate, 

(2) microalgal based biofuels do not interfere with food 

security concerns, (3) biofuels generated from microalgal 

lipids have less emissions and contaminants as compared to 

petroleum based fuels, therefore, reduced greenhouse gas 

emissions, and (4) microalgae require non-arable land for 

their cultivation, can utilize industrial flue gas as carbon 

source and can be harvested daily (Chisti, 2007). The main 

objective of this research paper is to focusing on isolation, 

screening and optimization of microalgae cultivation in 

laboratory level with the main aim of producing biofuels.  

Materials and Methods 

Media and Nutrients used for the growth studies 

Water and soil samples were collected by random sampling 

method from gulf of Khambhat region, Gujarat. The 

analyses of cations and anions like (calcium, chloride, 

fluoride, magnesium, sulphate and total hardness as CaCO3) 

were done by Vaibhav Analytical Services, using 

established protocols. Collected samples were observed 

under light microscope used for observing and images were 

captured with RADICAL RxLR-3 microscope fitted with 

Research Article 

http://ijasbt.org/
http://nepjol.info/index.php/IJASBT
mailto:Mahendraperumal@gmail.com
Pavilion
Typewritten Text
197



M. Guruvaiah et al. (2015) Int J Appl Sci Biotechnol, Vol 3(2): 197-201 

This paper can be downloaded online at http://ijasbt.org  & http://nepjol.info/index.php/IJASBT 

camera and photomicrographic system. The identification 

was done using keys in standard monographs (Desikachary, 

1959; Philipose, 1967; Iyengar and Desikachary, 1981). 

After observation, samples were enriched in different 

modified media, Bold’s Basal medium (Starr and Zeikus, 

1993) at pH 6.6, BG11 medium (Rippka et al., 1979) at pH 

7.5, Chu 13 medium (Chu, 1942) at pH 7.4  and  F/2 

medium (Guillard and Ryther 1962) at pH 8.2 followed by 

plating and incubated under standard temperature condition 

of about 25±2 ˚C under a photoperiod of 12:12 h light dark 

cycle at light intensity of 35 μmol photon m-2 s-1. The 

microalgae were isolated and purified through serial 

dilution followed by plating and regular observation under 

microscope.  

The biomass of the entire cultures was measured by 

weighing dried sample of the culture suspensions. Filter 

papers (Whatman GF/C 0.7μm, 47mm in diameter) stored 

in a constant room temperature (23±2°C) were pre-

weighed. Then, samples of 5ml of each alga culture were 

filtered through the filter papers. They were dried over night 

at 110°C and then weighed again at room temperature. The 

biomass content was calculated. 

Preparation of sample for the determine the acetyl–CoA 

activities 

Algae cells were added to an assay mixture containing 

acetyl-CoA, bicarbonate, magnesium and ATP, and aliquots 

were removed at set time points and stopped by the addition 

of trifluoroacetic acid. The level of acetyl-CoA remaining 

in each aliquot was determined via a citrate synthase assay, 

in which the formation of the yellow compound 

dithiobisnitrobenzoic acid-thiophenolate was followed 

spectrophotometrically at 412 nm. 

25 ml of algae cells were harvested by centrifugation (8000 

x g, 4°C, 10 min), collect the pellet and dissolve in ice- cold 

100 mM KPO4 buffer solution (pH 7.5). The algae 

suspension were kept under sonication for 15 min, (in ice 

bath, 20 Hz, 30% Amp) condition. Then   again centrifuge 

the algae suspension (8000 x g, 4°C, 10 min). Finally the 

supernatant was used for enzyme assay. Acetyl-CoA 

carboxylase activity was measured using a discontinuous 

spectrophotometric assay used as Laura Willis et al., 2008 

method.  

Determination of lipid content by Nile red and solvent 

extraction methods 

Nile red (9-(Diethylamino)-5H benzo [∞] phenoxazin-5-

one) has been shown to be quite useful in detecting neutral 

lipids in many different microalgae. The use of the 

Synergy™ H4 Multi-Mode Microplate Reader to monitor 

the high levels of lipid in algal strains using fluorescence. 

After successful isolation, the microalgae were screened for 

their lipid accumulation using above method (Fig. 1.) 

Another method was used as solvents - lipid extraction 

method. Freeze-dried algal mass was extracted with 

methanol containing 10% DMSO according to Chiara et al., 

(2002) but with slight modification. The solvent with the 

biomass was heated at 45oC and stirred for 45 minutes and 

the mixture was centrifuged at 3000 rpm for 10 min. The 

supernatant removed and the pellet was re-extracted with a 

mixture of diethyl ether and hexane (1:1 v/v). Added equal 

volume of water to the solvent mixture and supernatants so 

as to form a ratio of 1:1 (v/v). The mixture was centrifuged 

again and the upper phase was collected. The water phase 

was re-extracted and the organic phases that contain total 

lipid were combined and evaporated to dryness under 

nitrogen protection. Thereafter, the total lipids were 

measured gravimetrically after freeze drying for 24 h. 

 

Fig 1: Comparative of study of microalgae under light 

microscope and inverted fluorescent microscope. 

Light microscopic (1, 3, and 5) and fluorescent 

microscopic images with Nile red staining (2, 4 and 

6) of promising microalgal isolates. (1&2) Chlorella 

sp. SBC17; (3&4) Chlorella sp. SBC19; (5&6) 

Chlorella sp. SBC18. 

 

Results and Discussion 

Study the physico-chemical parameters from estuaries of 

Khambat region, Gujarat. 

Twenty four samples were collected from six different 

places comprising various estuary habitats e.g.  temporary 

pool, ditch, main stream of river, estuary region of sea, sand 

surface of river bed etc. from the gulf of Khambhat, Gujarat  

on seasonal basis. Temperature and pH was measured using 

portable thermometer and pH meter at each site 

respectively. Limnological analyses of sample of cations 

and anions like (calcium, chloride, fluoride, magnesium, 

sulphate and total hardness as CaCO3) were done by 

Vaibhav analytical services, Ahmedabad using established 

protocols. The values from various sites have been listed in 

Table 1. 
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 Table 1:  Physico-chemical parameters from different estuaries of Khambhat region 

Parameters Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 

pH 8.06 8.04 8.57 8.39 8.49 8.55 

Temperature (°C) 28.00 29.00 31.00 30.00 29.00 28.5 

Conductivity (ms/cm) 11.46 10.75 2.14 2.19 0.64 0.65 

TDS (ppm) 7.33 6.88 1.37 1.40 413.00 418.00 

Salinity (mg/l) 58.49 59.67 798.00 232.00 38.00 49.00 

Calcium (mg/l) 380.00 360.00 21.00 19.00 28.00 25.00 

Chloride (mg/l) 3619.00 3541.00 484.00 141.00 23.00 30.00 

Fluoride (ppm/l) 8.00 6.00 2.00 1.50 1.00 1.00 

Magnesium (mg/l) 1227.00 1336.00 41.00 41.00 16.00 15.00 

Sulphate (mg/l) 2832.00 2976.00 80.00 84.00 ND ND 

Total hardness as CaCO3 (mg/l) 60000.00 6400.00 220.00 216.00 140.00 130.00 

Nitrogen (mg/l) ND ND ND 23.00 ND ND 

Phosphorus (mg/l) 4.19 4.28 8.78 9.34 8.91 9.12 

Organic Carbon (mg/l) 70.00 39.00 ND ND ND ND 
Site 1. Kavi Kambhoi 2. Kavi Kambhoi location-2 Site 3. Bhadbhut Site 4.Bhadbhut location 2, Site 5. Jhadeshwer Site 6. Jhadeshwer location -2. ND: Not 
detected 

Table 2: List of unialgal cultures isolated from different estuarine sites of Khambhat, Gujarat 

S. N. Organism Medium Phylum 

1 Synechocystis sp. SBC1 BG11 Cyanobacteria 

2 Synechococcus sp. SBC2 BG11 Cyanobacteria 

3 Chroococcus  sp. SBC 13 BG11 Cyanobacteria 

4 Chroococcus sp. SBC35 BG11 Cyanobacteria 

5 Chroococcus sp. SBC45 BBM Cyanobacteria 

6 Spirulina sp. SBC 3 BG11 Cyanobacteria 

7 Phormidium sp. SBC4 BG11 Cyanobacteria 

8 Phormidium sp. SBC14 BG11 Cyanobacteria 

9 Phormidium sp. SBC15 BG11 Cyanobacteria 

10 Nostoc sp. SBC16 BG11 Cyanobacteria 

11 Anabaena sp. SBC5 BG11 Cyanobacteria 

12 Calothrix sp. SBC 6 BG11 Cyanobacteria 

13 Scenedesmus sp.SBC13 F/2 Chlorophyta 

14 Scenedesmus sp.SBC39 BBM Chlorophyta 

15 Scenedesmus sp. SBC7* BG11 Chlorophyta 

16 Scenedesmus sp. SBC9* F/2 Chlorophyta 

17 Scenedesmus sp. SBC10 BG11 Chlorophyta 

18 Chlamydomonas sp. SBC11 BBM Chlorophyta 

19 Kirchneriella sp.SBC75 BG11 Chlorophyta 

20 Kirchneriella sp.SBC109 BG11 Chlorophyta 

21 Chlorococcum sp. SBC8 BBM Chlorophyta 

22 Chlorococcum sp. SBC52 BG11 Chlorophyta 

23 Chlorococcum sp.SBC 155 F/2 Chlorophyta 

24 Chlorella sp.SBC 7 BBM Chlorophyta 

25 Chlorella sp.SBC31 BG11 Chlorophyta 

26 Chlorella sp.SBC32 F/2 Chlorophyta 

27 Chlorella sp. SBC34 BBM Chlorophyta 

28 Chlorella sp.SBC36 F/2 Chlorophyta 

29 Chlorella sp.  SBC 17* F/2 Chlorophyta 

30 Chlorella sp.  SBC 18* F/2 Chlorophyta 

31 Chlorella sp. SBC 19* F2 / BG11 Chlorophyta 

32 Coelastrum sp. SBC40 BBM Chlorophyta 

33 Navicula sp.SBC15B CHU13 Bacillariophyta 

34 Nitzschia sp.SBC 12B CHU13 Bacillariophyta 
* Promising microalgal strains 
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Determination of acetyl CoA carboxylase (ACCase) 

activities from promising strains 

The fatty acid synthesis is the conversion of acetyl CoA to 

malonyl CoA, catalyzed by acetyl CoA carboxylase 

(ACCase). In the chloroplast, photosynthesis provides an 

endogenous source of acetyl CoA, and more than one 

pathway may contribute to maintaining the acetyl CoA 

pool. Two in house isolates i.e. SBC19 and SBC 17 showed 

highest acetyl CoA carboxylase (ACCase) of 55.2 (U/ml) 

and 51.2 (U/ml) with 0.375 g/l nitrogen concentration in 24 

days respectively. But when algae strains were grown in 1.5 

g/L (NaNO3) medium the acetyl CoA carboxylase 

decreased in terms of U/ml in 24 days. These results were 

points out that as the specific nitrate concentration (0.375 

g/l) in the medium acetyl CoA carboxylase enzyme are 

increased (Table.3). The enzyme dependent was due to 

level of stress environment and also varies the enzyme 

accumulated in the cells. The present study suggested that 

nitrogen starvation with acetyl CoA carboxylase path way 

is the effective approach to enhance lipid for biofuel 

production.  

Effect of Nitrogen source on microalgae growth and 

determination of biomass, lipid content from potential 

strains 

The above five strains were selected for nitrogen starvation 

experiment. NaNO3 was used as nitrogen source in the 

respective medium (1.5, 0.75, 0.375, g l-1).  The following 

table shows the effect of nitrogen stress condition. The 

results indicated that as the nitrogen concentration in the 

medium decreased, biomass production decreased (Table. 

4) and increased the lipid content. The present study 

indicated that nitrogen starvation is the effective approach 

to enhance algal lipid content. Two in house isolates i.e. 

SBC19 and SBC 17 showed highest acetyl CoA 

carboxylase (ACCase) of 55.2 (U/ml) and 51.2 (U/ml) with 

0.375 g l-1 nitrogen concentration in 24 days. These strains 

were highest biomass and lipid content in respectively 

 

Table 3: Show various strains with acetyl CoA carboxylase enzyme activity under different nitrogen starved conditions. 

Strains 

No. 

 

Acetyl CoA Carboxylase 

(U/ml) 

(No - NaNO3) 

Acetyl  CoA 

Carboxylase 

(U/ml) 

(0.375 g/l-

NaNO3) 

Acetyl CoA Carboxylase 

(U/ml) 

(0.75g/l- NaNO3) 

Acetyl CoA Carboxylase 

(U/ml) 

(1.5 g/l-NaNO3) 

SBC 7 24.2 22.8 27.2 12.8 

SBC 9 22.8 28.4 24.0 20.0 

SBC 17 43.6 51.2 47.2 48.0 

SBC 18 38.2 43.2 42.0 40.0 

SBC 19 42.8 55.2 45.0 42.2 

  

Table 4: Effect of chemical stress (NaNO3) on microalgal biomass and lipid production.  

Sr. No. Strain No. 
Nitrogen starvation 

(g l-1 NaNO3) 
Biomass production (g l-1) 

Total lipid in 

dry weight (%) 

1 SBC 7 

1.500 1.2 26 

0.750 0.9 32 

0.375 0.7 40 

     

2 SBC 9 

1.500 2.2 30 

0.750 1.9 38 

0.375 1.6 42 

     

3 SBC 17 

1.500 2.7 28 

0.750 2.5 42 

0.375 2.1 48 

     

4 SBC 18 

1.500  2.3 28 

0.750  1.9 42 

0.375 1.6 47 

     

5 SBC 19 

1.500  2.4 28 

0.750  1.9 48 

0.375 1.6 52 
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Conclusions 

It can be conclude that five promising microalgal strains 

(SBC 7, SBC 9, SBC 17, SBC 18 and SBC 19) have been 

selected. Two of the isolates i.e. SBC19 and SBC 17 have 

given very high biomass production of 2.4 and 2.7 g/l, 

respectively. Their lipid accumulation was found 

significantly enhanced by more than 50 % on dry mass basis 

under nitrogen starvation. The five promising microalgae 

species will be used for further research and development 

work for biofuel production 
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