
Int.J.Curr.Microbiol.App.Sci (2013) 2(5): 67-74   

67

    
Original Research Article  

Biofuel Production using Marine Microbes 

V.Kalaiselvi*,  S.Jayalakshmi and R. Lakshmi narayanan 

                              CAS in Marine Biology, Annamalai University, Parangipettai-608 502, 
                                                                   Tamilnadu, India. 

*Corresponding author e-mail: micro_kalai@yahoo.co.in

  

          A B S T R A C T                              

Introduction  

One of the greatest challenges, world in 
the 21st century is to meet the growing 
demand of energy for transportation, 
heating and industrial processes and to 
provide raw material for the industry in a 
sustainable way. Ethanol satisfies the 
requirement ever since its production and 
ignition do not contribute significantly to             

the total amount of carbon dioxide in the 
atmosphere (Nigam, 2000). Ethanol can be 
blended with petrol or used as efficient 
alcohol in dedicated engines, taking 
advantage of the higher octane value and 
higher heat of vaporization. Furthermore, 
an excellent fuel for advanced flex fuel 
hybrid vehicles of the future (Hagerdal et 
al., 2006). Hence, bacteria are used were 
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In the present study Biofuel production, carried out from wood powder and 
agricultural residue as substrates using marine microbes and marine yeast. Among 
35 cellulose degradation bacteria isolated from water and sediment samples; 
Klebsiella ozeanae, and Pseudomonas aeruginosa created largest zone of lyses. 
Hence, selected for further production, optimization; the optimized parameters for 
Klebsiella ozeanae (incubation period 30hr, temperature 35°C, pH 7, salt 3%, 
nitrogen source: yeast extract and carbon source: cellulose) and for the incubation 
period of 36hr, temperature 35°C, pH 8, salt 2%,nitrogen sources yeast extract 
carbon source cellulose  were found to be ideal for Pseudomonas aeruginosa. The 
enzyme thus produced, partially purified with ammonium sulphate. The SDS 
PAGE results were of 32 kDa protein. The biofuel (ethanol) production projected 
using cheaper sources and agricultural residues such as wood powder and corn 
stalk, paddy straw, ragi stalk, millet stalk and sugarcane stalk. The ideal strains 
were tried as a consortium, 11.99 % of ethanol content observed. When Wood and 
agricultural residues used with the consortium of bacteria, the yeast yielded 11.0% 
of ethanol.
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ethanol production could be cheaper 
(Dienet et al., 2003). The fermentation 
reaction, represented by the simple 
equation with the predictable depletion of 
the world s energy supply, resulted in an 
increasing worldwide interest on 
alternative source of energy (Aristides and 
Penttila, 2000; Jeffries and Jin, 2000;  
Zaldivaret et al., 2001). The main reason, 
bioenergy can contribute to sustainable 
development (Van den Broek, 2000; 
Monique et al., 2003). Lignocellulosic 
materials such as crop residues, grasses, 
sawdust, wood chips and solid animal 
wastes are potential sources for low cost 
ethanol production (Sun and Cheng, 
2002). They are mainly of starch, 
arabinoxylans, cellulose, glucan, protein 
and lignin (Maes and Delcour, 2001). 
Cellulase, class of enzymes produced 
primarily by fungi, bacteria, and protozoa 
that catalyze cellulose. The enzyme 
cellulase is useful in converting the plant 
biomass in to fuels and basic chemicals 
and many other useful products (Fan et al., 
1987; Wu and Lee, 1997; Solomon et al., 
1999). Cellulose decomposing bacteria 
and fungi are widely distributed in the 
marine environment and they play an 
important role in mineralizing organic 
matter and also influencing the 
productivity of the sea (Kadota, 1956). In 
the present agricultural residue such as 
wood powder, corn stalk, paddy straw, 
ragi stalk, millet stalk and sugarcane stalk 
are used in ethanol production.   

Materials and Methods  

Isolation of cellulase Producing Bacteria  

Isolation of cellulase producing organisms, 
from water, sediment and decayed 
mangrove twigs were collected from the 
Uppanar estuary. 1g/1ml of sample was 

suspended in 99 ml sterile 50% aged sea 
water, agitated for 45min in a shaker at 
500C and 0.1 ml was spread on cellulase 
agar plates (MgSO4 - 0.01g, (NH4)2SO4 - 
0.02g KH2PO4,- 0.7g, K2HPO4- 0.05g, 
Cellulose- 0.1g). 50% aged seawater - 
100ml and incubated at 300C for 48hrs 
(Ekperigin, 2007).  

Screening for cellulase producing 
bacteria (well diffusion assay)  

The isolated bacterial strains were 
inoculated into cellulose agar (1% carboxy 
methyl cellulose and 2% agar) with 
cellulose as the sole source of carbon. 
After an appropriate  incubation was done 
at 28 ± 20C for 48 hours, the agar medium 
was flooded with a aqueous solution of 
Congo red (1mg/ml for media containing 
CMC) for 15 minutes. The Congo red 
solution was poured off, and plates were 
further treated by flooding with 1M NaCl 
for 15min. Based on the diameter of zone 
of clearance, the organism was selected for 
identification and further study.  

Sabouraud Glucose Agar with 
Chloramphenical and Cycloheximide 
(Yeast)  

Glucose-40g,Agar-15g,Pancreatic digest 
of Casein-5g,Peptic Digest of Animal 
Tissue-5g pH-.6 +

 

0.2 at 25oC 10 ml of 
Cycloheximide and Chloramphenical 
solution were mixed well with above 
media after sterilization.   

Screening for cellulase producing 
bacteria (well diffusion assay)  

The isolated bacterial strains were 
inoculated into cellulose agar (1% 
cellulose and 2% agar) with cellulose as 
the sole source of carbon. After an 
appropriate  incubation was done at 28 ± 
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20C for 48 hours, the agar medium was 
flooded with a aqueous solution of Congo 
red (1mg/ml for media containing CMC) 
for 15 minutes. The Congo red solution 
was poured off, and plates were further 
treated by flooding with 1M NaCl for 
15min. Based on the diameter of zone of 
clearance, the organism was selected for 
identification and further study.  

Optimization of culture conditions for 
enzyme production  

The culture conditions (incubation period, 
pH, temperature, salt concentration and 
different sources of C, N and Agriculture 
residues) were optimized for maximum 
enzyme production using cellulose 
producing medium. Cellulase production 
was studied at different pH (5-9 with 1 
interval), temperature (30-500C with 50C 
interval), incubation period (24hrs -72 
hrs), salt concentration (1% to 5%), 
different carbon sources 1g each 
(cellulose, glucose, xylose, fructose and 
sucrose), nitrogen sources 1g each (yeast 
extract, beef extract, peptone, Ammonium 
sulphate, Ammonium chloride) and 
different Agricultural residues 1g each 
(paddy stalk, ragi stalk, millet stalk, 
sugarcane stalk and cornstalk) were also 
assessed.  

MMaassss  SSccaallee  CCuullttuurree  UUssiinngg  OOppttiimmiizzeedd  
PPaarraammeetteerrss  ffoorr  EEnnzzyymmee  pprroodduuccttiioonn    

Based on the results obtained from the 
optimization, the mass scale culture of the 
cellulase producing organism was carried 
out. 1000ml of production media were 
inoculated with 1% of inoculum. The 
fermentation was carried out in 1000ml 
Erlenmeyer flasks on a rotary shaker 
(300rpm). The biomass and the enzyme 
activity were tested at every 6hrs interval. 
At the end of the 30thhr the culture was 

harvested for the recovery of cellulase 
enzyme.  

Ethanol estimation  

Ethanol was analyzed by gas 
chromatography (Chemito GC 8610, 
poropack Q - SS, 3 meter length.  
Diameter) using isopropanol as an internal 
standard. A flame ionization detector and 
integrator were used for detection and 
quantitative determination respectively 
(Holdeman, 1977).  

Results and Discussion   

When the three strains were optimized, 
growth pH 7, 3% salinity, temperature 
35°C, and 30 hrs as incubation period 
were found to be ideal parameters for 
Pseudomonas aeruginosa (Figs. 1, 2, 3 
and 4).  With these growth parameters 1% 
carbon source like cellulose, glucose, 
xylose, fructose and sucrose were and 1% 
nitrogen source like yeast extract, beef 
extract, peptone, ammonium sulphate, 
ammonium chloride and peptone were 
tried for a strain for both growth (Figs.5,7) 
and enzyme production (Figs. 6,8). The 
strains preferred cellulose as the most 
preferable substrate for the cellulase 
production at which 263 Unit/ml/min were 
the enzyme activity observed in 
Pseudomonas aeruginosa respectively. 
Among nitrogen sources, yeast extract 
showed maximum enzyme activity in the 
above strain were respectively, 275 
Unit/ml/min. Mass scale culture was done 
keeping the ideal parameters and 
substrates where Pseudomonas aeruginosa 
showed enzyme activity 280 Unit/ml/min 
respectively. Wood powder and 
Agricultural residues such as paddy stalk, 
ragi stalk, millet stalk, sugarcane stalk and 
cornstalk were estimated for their cellulose 
content which was in the range of 56.3 to 
78.5% (Fig.9).  
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Figure .1 Optimization of pH for growth 

in Pseudomonas aeruginosa   

 

Figure2. Optimization of salinity for 
growth in Pseudomonas aeruginosa  

 

Figure 3.Optimization of Temperature 
for growth in Pseudomonas aeruginosa  

 
Figure 4. Optimization of Incubation   
period for growth in Pseudomonas 
aeruginosa  

 

Figure 5.Optimization of carbon source 
for growth in Pseudomonas aeruginosa  

 

Figure 6. Effect of carbon source on 
Enzyme activity in Pseudomonas 
aeruginosa  
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Figure.7 Optimization of nitrogen 
source for growth in Pseudomonas 
aeruginosa  

 

Figure. 8 Effect of Nitrogen source on 
Enzyme activity in Pseudomonas 
aeruginosa  

  

Figure.9 Estimation of cellulose in 
Wood and agricultural residues  

 
Figure 10. Estimation of enzyme activity 
with Wood and Agricultural residues in 
Pseudomonas aeruginosa  

 

Figure. 11 SDS-PAGE of partially 
Purified Cellulase     

                                 M    Lane 1,               

M  Protein marker,    
Lane 1 - Pseudomonas aeruginosa  

Figure. 12 Percentage ethanol 
production  
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The highest cellulose content was found in 
wood powder (78.5%) followed by paddy 
stalk (68.8%), sugarcane stalk (64.6%), 
millet stalk and corn stalk (59.6%) and 
ragi stalk (56.3%). the strain preferred 
cellulose as the most preferable wood 
powder as a substrate for the cellulase 
production at which 251 Unit/ml/min and 
were the enzyme activity observed in 
Pseudomonas aeruginosa respectively 
(Fig. 10).The enzyme produced by these 
strain was partially purified with 
ammonium sulphate. The SDS PAGE 
showed all of them were of 32 
KDaproteins (Fig. 11).  

In Vellar estuary, yeast was isolated at the 
level of 2.5×102 CFU/ml in water samples 
and 1.8×102 CFU/g in sediment samples. 
Based on the aroma developed in sugar 
solutions, one yeast strain was selected for 
ethanol production. Using this yeast 
ethanol production was tried on the sugar 
obtained using the enzyme hydrolysis of 
cellulose using the above three bacterial 
strains. When the strains were used 
Pseudomonas was in the range of 4.032 % 
ethanol obtained with cellulose. When 
Wood and agricultural was used bacteria 
and yeast yielded 11.0% of ethanol (Fig. 
12) Tai et al., (2004) reported cellulose 
degradation at an optimum growth range 
of pH 7.5.   

Zhang et al., 2009 observed the optimum 
pH range 6.0 to 6.5 and 35 C as the 
optimum temperature for maximum 
growth. However Jahangeer et al., (2005) 
reported the maximum cellulase growth at 
37 C. But Kathiresan and Manivanan 
(2006) reported to the maximum cellulase 
growth at 30 C. Shanmughapriya et al., 
(2009) reported the optimum growth for 
cellulose degradation at 2.5% NaCl. 
Among the carbon source cellulose was a 
good substrate which was supported by 

Liming and Xyeliang (2004); Narasimha 
et al., (2006); Haq et al., (2005). Among 
nitrogen sources yeast extract showed 
maximum enzyme activity Pourramezan et 
al., (2009) reported a higher yield of 
cellulase in the presence of yeast extract as 
the nitrogen source.   

Liang et al., (2009) reported peptone as the 
nitrogen source for maximum cellulase 
production. Daniel et al., (2003) reported 
that sulfuric acid treatment of corn Stover 
resulted in the cellulose conversion of 80-
87%. Kurabi et al., (2005) observed a 
cellulose hydrolysis from steam-exploded 
method resulted in conversion of 
76%.Absar and Allam (2009) observed the 
molecular weight of an extracellular 
cellulase protein as 48KDa. Andong et al., 
(2007) observed the ethanol production of 
15.8% from corn stalk by 
Pacysolentannophilus with pretreatment. 
Reddy et al., (2006) observed the ethanol 
production of 4.6% at 30 C using 
Saccharomyces cerevisiae.  
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