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ABSTRACT 
Biodiesel production can be produced by enzymatic trans-esterfication of algae oil with 
methanol, ethanol and spirit was studied. Production of biodiesel using acidic and alkaline 
catalyst has been commercially implemented due to high conversion and low production time for 
the product and process development of biodiesel, enzymatic trans-esterification  has been 
suggested to produce a high purity product with economic and ecofriendly process at mild 
reaction condition. Immobilization of lipase could be employed in production cost by reusing the 
enzyme. The activated carbon prepared from the Delonix regia by physical activation and 
characterization and ability of adsorption studies was carried out. Methanol and ethanol instead 
of sprit for production biodiesel process. Optimization of the functionality is necessary to reduce 
the cost of biodiesel production. Here this attempt is to provide an updated anthology of the 
studies reported on biodiesel production by using immobilization lipase. 
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INTRODUCTION 
Biodiesel production from microalgae is an 
emerging technology considered as very 
promising source of energy, mainly because of 
its higher oil productivity and reduced 
competition for land. Algae oil extraction is 
very similar to soybean oil extraction and then 
the oil has to be transesterfied with an alcohol 
to form biodiesel.1 Biodiesel (monoalkyl esters 
of long chain fatty acids) is a potential 
renewable biofuel and it is biodegradable, non-
toxic, no net carbon  dioxide and free from 
sulfur. 2Biodiesel which is biodegradable and 
nontoxic has low discharge profile and 
environmentally advantageous. 3 Transes-
terification reaction can be conducted by 
lipases as enzymatic biocatalyst. Lipase-
catalyzed transesterification has many 
advantages such as decreasing process stages 
in biodiesel fuel production, low operation 
temperature and easy separation of the glycerol 
by-product without complicated operation 
stages. Currently biodiesel is produced by 
conventional methods such as acid and alkali  
transesterification that results in conversion of  

triglycerides to fatty acid methyl esters in a 
shorter period . 4 Major drawback of 
conventional methods include high  energy 
input, elimination of salt, difficulty in 
recycling glycerol, soap formation and need 
waste water  treatment .  
To overcome this problem, recently enzymatic 
production of biodiesel has become an 
alternative for biodiesel production because 
byproduct glycerol can be easily recovered, 
salt and catalyst can be avoided, waste water 
treatment is not required, high production yield 
under milder conditions and ecofriendly 
process. 5 One such enzyme used in biodiesel 
production is lipases. Lipases (triacylglycerol 
acylhydrolase, EC 3.1.1.3) are produced by 
microorganisms, plants and animals, but for 
the large scale production microorganisms are 
more suitable. 6 
However, the enzymatic production of 
biodiesel is not yet commercialized due to high 
cost of enzyme. The cost factor can be 
stabilized using immobilization of lipase by 
repeated use.7,8 In addition the transesterifica-
tion usually performed by methanol but it is  *Author for correspondence 
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deactivate the lipase enzyme results in poor 
yield of biodiesel. 9-12 
Adsorption is the adhesion of lipase on the 
surface of the adsorbent by weak forces, such 
as Vander Walls, ionic and hydrophobic 
interactions or dispersion forces.  Immo-
bilization via adsorption method is the simply 
mixing of an aqueous solution of enzyme with 
the carrier material for a period and washing 
away the excess enzyme from the immobilized 
enzyme on the carrier after a time. 13 The level 
of adsorption is strictly related to the pH, 
temperature and ionic strength. Adsorption is 
the most widely employed method besides  
other methods because of its special 
commercial advantages and simplicity. 14 
Adsorption is the only reversible enzyme 
immobilization method. The advantages of 
adsorption is mild and easy preparing 
conditions, low cost, no need for chemical 
additives, the carrier can be recovered for 
repeated use and high activity. 

AIMS AND OBJECTIVES 
To introduce biodiesel by the transesterfication 
process with sprit as an acceptor instead of 
methanol, biocatalyst immobilized lipase. 

MATERIAL AND METHODS 
All the analytical grade chemicals (methanol, 
ethanol, sulpuric acid, chloroform and lipase) 
were purchased from Sigma Aldrich chemical 
company, Banglore, India, algae was collected 
from Coimbatore and erode region and 
harvested in photobioractor using wastewater 
medium at Kumaraguru College of 
Technology (KCT). Algae oil was prepared by 
solvent extraction method. The pod of Delonix 
Regia was collected from KCT campus and 
converted activated carbon. 
Preparation of oil from algae 
The algal samples collected and analyzed were 
identified as green algae Chlorella vulgaris, 
dried algal biomass (5g) was taken in solvent 
mixture (100 ml) of chloroform : methanol 
(2:1)and the content were refluxed for 4 hrs. 
After the extraction, the contents were cooled 
and filtered (or centrifuged) to separate the 
biomass and washed the biomass with 25 ml of 
chloroform twice to extract the residual lipids 
present   in   the   biomass.   The  extracts were  

pooled and taken in a separating funnel and 
washed with 1% aqueous sodium chloride 
solution (50 ml) twice. The solvent were 
removed by using rota-evaporator under 
vacuum to get the algal oil. The weight of algal 
oil was taken to determine the oil content in 
biomass. If the biomass is available in smaller 
quantities, the content may be reduced 
accordingly. 
Preparation activated carbon 
The pods of Delonix regia (Flame of the 
forest) was cut into small pieces, dried in 
sunlight, then kept 60°C for 24 hours in hot air 
oven. The dried material is subjected activation 
by chemical activation, to obtain the activated 
carbon. Then this were washed with doubled 
distilled water to remove the excess acid and 
kept in hot air oven at 110°C for 12 hours. 
Then it was taken in an iron vessel in muffle 
furnace and the temperature was gradually 
raised to 550°C for an hour, ground well by 
using ball mill and then sieved into particle 
size of 45mm, 90mm and 150mm British 
Standard Specification (BSS) mesh numbers. 
Here we selected for 45mm of activated carbon 
for immobilization studies.  
 Lipase immobilization  
The specified amount of lipase (name 
optimally 1g was measured into to flask and 
10ml of water was added. The mixture was 
stirred at 150rpm using a magnetic stirrer for 
about 15 mins. This mixture, 0.5 ml of a 0.5M 
NaF solution and the activated carbon was 
added. The flask was removed from the stirrer 
and left sealed at room temperature for 24 hrs. 
The flask was then uncapped and was 
incubated in a water bath at 37C for about 
48hrs.the powder was washed with 100ml of 
distilled water in 250ml flask for 1h at a 
mixing speed 500rpm the mixture was then 
filtered. The activated carbon with the lipase 
was dried again 37C for 48hrs. The 
immobilized lipase was stored at 4C until use. 
Based on the degree of immobilization tests, 
About 95% of the enzyme was immobilized in 
this procedure. The actual enzyme loading was 
determined at 450 mg of lipase 10g of 
activated carbon.  
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Optimization and production of biodiesel  
The reactions were carried out in a constant 
temperature water bath, under which a 
magnetic stirrer was placed to agitate the 
reaction mixture. Water was circulated into the 
bath from a Neslab (Portsmouth, NH) TTE-
211 Bath/Circulator which, via an external 
probe, was able to control the temperature of 
the bath to within ±0.01 _C. A standard set of 
conditions was used as the baseline in the 
optimization studies. These conditions were 
adopted from a previous. The initial conditions 
were 10g soybean oil, 3 g sprit (methanol to oil 
molar ratio of 8.2), 0.5g water, 3g immobilized 
lipase PS, 40_C, 700rpm, and 1h reaction time. 
In the reactions with ethanol, 0.3g of water and 
5g of ethanol (ethanol to oil molar ratio of 9.5) 
were used under otherwise identical 
conditions. Same above the conditions sprit 
also studied. In the optimization studies, only 
one reaction parameter was varied at a time.  
Degree of immobilization tests 
The immobilized enzyme was washed with 
water and after filtration; about 90 ± 5ml of 
supernatant was collected. This supernatant 
may potentially contain free enzyme, partially 
hydrolyzed precursors, methanol, and soluble 
oligomers. To quantify the amount of enzyme 
in the supernatant, a calibration curve relating 
the formation of free fatty acids as a function 
of free enzyme loading was constructed, which 
was based on the hydrolysis of soybean oil. 
Details about this work may be found 
elsewhere. By comparing the supernatant from 
the immobilization wash procedure with this 
calibration, the amount of enzyme in the 
supernatant and the degree of immobilization 
was determined. In order to mimic the exact 
reaction conditions, in the calibration studies, a 
blank gel with no enzyme was prepared. The 
supernatant, which was collected from 
washing this gel was used as the reaction 
medium in the calibration experiments. 
Otherwise, the reaction procedure for the 
calibration experiments was identical to the 
free enzyme hydrolysis reactions. The enzyme 
loading was varied in the range of 0.3–30mg 
lipase per 1g of soybean oil for this calibration. 
The calibration curve showed a monotonically 
increasing activity as the enzyme loading was  

increased. The activity of the enzyme leveled 
off beyond the upper limit of 30mg of enzyme 
per 1g of soybean oil. 

RESULTS AND DISCUSSION 
Biodiesel is monoalkyl esters of long chain 
fatty acids.  Biodiesel is produced through 
triglycerides (vegetable oil, animal fat) with 
esterification of alcohol (sprit) in the presence 
of the catalyst. Hence the biological production 
of liquid fuel with lipases nowadays has a 
great consideration with a rapid improvement. 
Lipase catalyses the reaction with less energy 
requirements and mild conditions required. But 
the production of lipase is of high cost, hence 
the immobilization of lipase which results in 
repeated use and stability. 
The simplest immobilization method is 
nonspecific adsorption, which is mainly based 
on physical adsorption or ionic binding. In 
physical adsorption the enzymes are attached 
to the matrix through hydrogen bonding, 
Vander Waals forces or hydrophobic 
interactions whereas in ionic bonding the 
enzymes are bound through salt linkages. The 
nature of the forces involved in non covalent 
immobilization results in a process can be 
reversed by changing the conditions that 
influence the strength of the interaction (e.g., 
pH, ionic strength, temperature or polarity of 
the solvent). Immobilization by adsorption is a 
mild, easy to perform process, and usually 
preserves the catalytic activity of the enzyme. 
It is cheap and easy way of immobilization. 
The time course of methanolysis of algal oil 
with stepwise addition of methanol at 0, 24 and 
48 h was studied. The times course of FAMEs 
production at different times after reaction 
started with this feeding strategy. The reaction 
continues up to 96 h that is relatively long 
time, while at the time duration of 4 to 24 h 
and 36 to 48 h the FAMEs production had not 
much progress. It seems that methanol has 
been completely used in transesterification 
reaction at those time duration. In order to 
reduce time of reaction progress, new strategy 
of methanol addition was employed. Sprit was 
added stepwise at 0, 4 and 18 h after the 
reaction. The FAMEs content of 98 wt.% was 
attained during 48 h with this feeding strategy  
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which is a time saving and cost effective 
method for biodiesel. To minimize the cost, 
reusability of enzyme is an important parameter 
in industrial scale enzymatic biodiesel production 
(Table 1). Stability and reusability of 
immobilized lipase was investigated in this 
section. There is no significant loss of lipase 
activity even after immobilized enzyme beads 
were used for 10 cycles. When short chain 
alcohols (methanol, ethanol and sprit ) were used 

as acyl acceptor, a large amount of hydrophilic 
solvents were required for the removal of 
glycerol from immobilized lipase which is an 
expensive process and moreover inhibit lipase 
activity. Thus, the current study indicates that the 
immobilized lipase can be used for many 
repeated cycles for the biodiesel production from 
microalgal oil with sprit as an acyl acceptor 
which will minimize the cost factor in the overall 
process. 

Table 1 :  The comparison of free enzyme and immobilized enzyme 

Characteristics Free enzyme Immobilized 
enzyme 

Price High Low 
Efficiency Low High 
Activity Unstable Stable 

Reusability and recovery Not possible Possible 
 

Tolerance to temperature, pH Low High 
To separate from the substrate Difficult Easy 
To separate from the product Difficult Easy 

Ultraviolet – visible (UV) spectroscopic 
analysis is rapid becoming a common 
technique for providing analytical data of 
biodiesel. In these results, the contribution of 
algal biodiesel component to overall 
absorption spectrum spectra of pure standard 
chemical of free fatty acids, methyl, ethyl 
esters and mono-, di-, triglycerides were 
measured. Since the all absorption of all 
components was below 450 nm, one of those 
components contributed to characteristic 
maximum of the biodiesel absorption spectra 
in a visible range. Pure aliphatic acids, esters 
and glycerides  are colorless substance and did 
not exhibit significant absorption in the visible 
range, natural fats and oils from plants and 
animal pigments exhibiting visible absorption. 
The absorption of vegetable oils in the visible 
regions is usually due to lipid–soluble 
pigments such as caroteniods and chlorophylls. 
Therefore a characteristic absorption of 
biodiesel in the visible range in is most likely 
caused by pigments and other pigments. 
Characteristic shapes of biodiesel absorption 
spectra in visible range indicated that the 
information can be used to detect the bio   
diesel   feedstock.   Differences   in  position of  

absorption spectra gave the information about 
biodiesel level with regular diesel.  
The volatile product can be found in the         
all   spectrum   of  microalgal lipids extracts all 
collected extractions give band at 1014 and 
3942 cm-1. An analysis of IR spectrum showed 
in figures. The main composition stage reveals 
the existence of the adsorption bands 
characteristic of these different bands.   
 C=O carbonyl compound (aldehydes, acids, 
etc) are the strong C=O stretching absorption 
bands in the region of 1870-1540 cm-1.If ester 
this band appears in the 1705 cm-1and 1658 
cm-1. C-O-C (ethers), these stretching 
vibrations produce a strong band in the 1200-
900 cm-1 region. C-H, adsorption bands as an 
example 2954cm-1, 2931 cm-1 and 2854 cm-1 
correspond to the asymmetric and symmetric 
vibration modes of methyl group, ethylene 
groups respectively, H2O the adsorption bands 
of water can be between 1800-1200cm-1. It 
referred to as oleaginous algae it has long been 
hypothesize that algae could be employed as s 
cell factors to produce oils and other lipids for 
biofuel and other materials. 
Lipids are fatty acids and their derivatives as 
well as substance related biosynthetically or 
functionally ton these compounds. The most 
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typical lipid classes of plant and animal origin 
consist of fatty acids linked by an ester bond to 
the trihydric alcohol, glycerol, or to other 
alcohols such as cholesterol, or by amide 
bonds to long chain bases, or on occasion to 
other amines. Lipid type is important to 
biodiesel production because the quality and 
variety of lipids will determine the need for 
pretreatment before it is converted to biodiesel, 

as well as the final fuel properties. It was 
graphically represented in Fig. 1. 
Gas chromatography is used to identify the 
chemical ingredients in the biodiesel. It was 
found in Fig. 2 that there are different major 
esters in the algal oil methyl ester. The 
chromatogram shows several compounds at 
various retention periods. Lipids (C9-C40) 
were identified using data base library.  

 
Fig. 1 :  FTIR spectra for algal biodiesel 

 
Fig. 2 :  GC-MS spectra for algal biodiesel 

CONCLUSION 
Biodiesel an alternate diesel fuel is made from 
renewable biological sources such as algae oil 
by transesterification reaction using immo-
bilized lipase with methanol/sprit. The purpose 
of the transesterification process is to lower the 
viscosity of the oil. This process is a potential 
alternative    for   the   present   industrial scale  

extraction methods, particularly for algal oil 
extraction. Completely renewable sources of 
energy such as algae and ethanol were used to 
produce an ecofriendly fuel. It can be 
concluded that the presence of biodiesel from 
green micro algae oil blended with petroleum 
diesel improves the parameter of cetane 
number. This is important since a high cetane  
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number improves the quality of combustion 
and decreases NOx emission. Moreover causes 
less noise and greater durability of the engine. 
Spectroscopic study reveals very useful and 
rapid technique for characterization of 
biodiesel :  
 It is  an attractive method 
 Low cost  
 Easy operation  
 Less time and more productivity. 

ACKNOWLEDGEMENT 
Authors wish to express their gratitude for the 
assistance and financial help given by 
Department of Science and Technology, New 
Delhi, India for their support under Net Work 
Programme of Bio-alge Carbon Sequestration 
research under the title “Carbon Sequestration 
and cultivating algae for green bio-fuel 
Production”. 

REFERENCES 
1. Gharat N. and Rathod V. K., Ultrasound 

assisted enzyme catalyzed transesteri-
fication of waste cooking oil with dimethyl 
carbonate, Ultrason. Sonochem., 20(1,) 
900–905,(2013). 

2. Ali A., Kaur M. and Mehra, Use of 
immobilized Pseudomonas sp. as whole 
cell catalyst for the transesterification of 
used cotton seed oil, J. Oleo Sci.,60(1), 7-
10, (2011). 

3. Kim D.G., La H.J., Ahn C.Y., Park Y.H. 
and Oh H.M., Harvest of Scenedesmus sp. 
with  bioflocculant and reuse of culture 
medium for subsequent high-density 
cultures, Bioresour. Technol., 102(1), 
3163-3168,(2011). 

4. Bisen P.S., Sanodiya B.S., Thakur 
G.S.,Baghel R.K. and S. Prasad G.B.K., 
Biodiesel production with special 
emphasis on lipase-catalyzed transesteri-
fication. J. Biotechnol. Lett., 32(1), 1019-
1030, (2010). 

5. Jegannathan K. R., Yee L. J., Chan E.S. 
and  Ravindra P., Production of biodiesel 
from palm oil  using liquid core lipase 
encapsulated in k-carrageenan, Fuel, 89(1) 
,2272-2277,(2010). 

6. Antczak M. S., Kubiak A., Antczak T. and 
Bielecki S., Enzymatic biodiesel synthesis 
– key factors affecting efficiency of the 
process : Review, Renew. Energ., 34(1), 
1185–1194,(2009).  

7. Maceiras R., Vega M., Costa C., Ramos P. 
and Marquez M.C., Effect of methanol 
content on  enzymatic production of 
biodiesel from waste frying oil, Fuel., 
88(1), 2130–2134,(2009). 

8. Tamalampudi S., Talukder M. R., Hama 
S., Numata T., Kondo A. and Fukuda H. 
Enzymatic production of biodiesel from 
Jatropha oil : A comparative study of 
immobilized-whole cell and  commercial 
lipases as a biocatalyst, Biochem. Eng. J., 
39(1), 185–189, (2008). 

9. Syed Shabudeen P.S., Soundranrajan M. 
and Indumathi P., Algae biomass growth 
kinetic study in waste water medium using 
spectroscopic analysis, J. Environ. Res. 
Develop.,7(4A), 1496-1500, (2013). 

10. Gandhi Jayesh R. and Jha S.N., Water 
system through renewable power for lakes, 
ponds and STPs, J. Environ. Res. 
Develop., 7(4A), 1639-1643, (2013). 

11. Bhagat Anirudh P., Shindikar M. and 
Pethkar A.V., Strategies for enhancement 
of biological hydrogen production, J. 
Environ. Res. Develop., 8(4), 946-654, 
(2013). 

12. CheHafizan and Noor Zainan Zainura, 
Biofuel : Advantages and disadvantages 
based on Life Cycle Assessment (LCA) 
perspective, J. Environ. Res. Develop., 
7(4), 1444-1449, (2013). 

13. Pathak  V. K., Agnihotri Neeraj,      
Rahman Masihur and  Khatoon  Naseema, 
Applications of calcium impregnated 
activated charcoal prepared from Jatropha 
seed residue for removal of arsenic (III) 
from water, J. Environ. Res. Develop., 
8(2), 196-205, (2013). 

14. Juniarti, Harianti Mimien, Chan 
Almughfirah et al., Evaluation of land 
suitability and potential production of 
Jatrobpha (Jatropha cucas L.) : A 
biodiesel resource in Solok regency, West 
Sumatra, Indonesia, J. Environ. Res. 
Develop.,7(3), 1165-1173, (2013).

 


