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Abstract:- Biodiesel is defined as the mono-alkyl esters 

of long-chain fatty acids derivative from vegetable oils 

or animal fats using a catalyst. Neem oil is non-edible oil 

and it is an effective alternative source for the 

production of biodiesel. But till now, heterogeneous 

chemical catalysts are used to convert the neem oil to 

biodiesel. Here, we focused on the higher production of 

biodiesel from neem oil using microbial lipase as a 

catalyst. Lipase was produced from Pseudomonas 

aeruginosa TEN01. The productivity of the organism 

was examined for free cell and whole-cell 

immobilization methods. Both free and immobilized 

cells produced lipase activity was 4.6 U/ml.min-1 on 

48h. Produced lipase was partially purified by 

ammonium sulphate precipitation and dialysis. 

Partially purified lipase-catalyzed the reaction of 

methyl ester formation from triglycerides present in the 

neem oil. The primary characterization was done by 

TLC and the biodiesel was confirmed through flash 

point and fire point test.  
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I. INTRODUCTION 

 

Production of Biodiesel (Fatty acids alkyl esters, 

FAAEs) with cheap and renewable resources is becoming 

the hot topic of every country’s policy agenda [1]. Due to 

limited energy reserves and the increasing environmental 

pressure on green-house gases coming from fossil fuels, the 

US predicted that the requirement of fuel could be 98.3 

million barrels/ day in 2016 and it would be 118 million 

barrels/day in 2030. Biodiesel has drawn its attention due 

to its non-toxicity, bio-degradable, renewable source of fuel 
and energy with significantly lower exhaust emissions of 

particulate matter and greenhouse gases such as CO, CO2, 

and SO2 [2]. Azadirachta indica, also known as Neem, 

Nimtree, is native to India and the Indian subcontinent 

including Nepal, Pakistan, Bangladesh and Sri Lanka. It is 

typically grown in tropical and semi-tropical regions. Neem 

oil also contains several sterols, including campesterol, 

beta-sitosterol, stigmasterol, etc. A higher amount of 

triglycerides are present in the neem oil. Therefore, these 

triglycerides can be converted into glycerol and methyl 

esters by lipase or other catalysts through the trans-

esterification process. Lipase is ubiquitous, serine 

hydrolase enzyme, and it hydrolyzes triacylglycerols to 

glycerol and free fatty acids. It is activated only when it 

absorbed the oil-water interface.  

 

Many lipases are active in organic solvents where 

they catalyze several useful reactions including 

esterification, trans-esterification, region selective acylation 

of glycols and enthols and synthesis of peptides and other 

chemicals. 
 

II. MATERIALS AND METHODS 

 

 Extraction of neem oil 

The seeds are collected and it was de-coated and it 

was dried under shadow condition for 2-3 days. And it was 

kept overnight on oven for 60°C to remove the moisture. 

About 5L of neem oil was collected from 2-3 kg of seeds 

using expeller. The oil is stored at room temperature for the 

further processes. 

 
 Bacterial Strain revival 

0.5ml of stored Pseudomonas aeruginosa TEN01 was 

thawed at 37°C and it was inoculated into Nutrient broth 

and all the flasks were incubated for 72 hours at 37°C in 

order to cell revival.  

 

 Preparation of enrichment media 

Revived Pseudomonas aeruginosa TEN01 strain was 

streaked onto the nutrient agar plate. After overnight 

incubation, the single colonies were inoculated into 50 ml 

of specified enrichment media for Lipase and incubated for 

10h for 125rpm at 37°C. It contained Peptone (0.1%), 
Yeast extract (0.18%), Ammonium sulphate (0.35%), 

Potassium di hydrogen phosphate (0.3%), Sodium chloride 

(0.25%), Magnesium sulphate (0.1%), Sunflower oil (5%), 

Toluene (1%).  

 

 Preparation of production media 

2% (v/v) of enriched cells were introduced production 

media for lipase. The production media included, Yeast 

extract (2%), Beef extract (1%), Glucose (0.5%), sun 
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flower oil (0.5%), Dipotassium hydrogen phosphate 

(0.1%), Magnesium sulphate (0.05%). The growth of the 
organism was observed by at 590nm at regular intervals of 

2-3h. 

 

 Lipase activity 

Lipase production was confirmed by three methods. 

(i) Tributyrin assay, (ii) Tween 20 plate assay and (iii) 

Phenol red assay. 

 

 Tributyrin Assay 

Tributyrin assay carried out by disc diffusion assay. 

The plate was incubated at 37°C for 48h and the plate was 

observed for zone of clearance. Bacillus subtilis was made 
as the positive control and sterilized Production media was 

made as a negative control. 

 

 Tween 20 plate assay 

A simple method to calculate the lipase activity of the 

organism. 1% of Tween-20 was mixed with nutrient agar. 

Organisms taken at different time intervals were placed 

onto the agar plate by means of the disc and it was 

incubated for 24h to observe the extent of growth. 

 

 Phenol red assay 
The cell free supernatant was collected at 8000rpm at 

15min on different time intervals were plated on the agar 

plate containing phenol red (0.01%), agar (2%) and Tween 

20 (2%). The zone of clearance was also observed.  

 

 Estimation of Lipase 

The lipase activity was checked by titration method. 

Add 2 ml of 0.1M phosphate buffer (pH 7.0), 1 ml of oil 

and 1 ml of crude extract was incubated at 40°C for 30 

minutes. The reaction was stopped by adding 5 ml ethanol 

and it was titrated against 0.1 N NaOH using 

phenolphthalein as indicator. The appearance of permanent 
pale pink colour was the end point. 

 

Lipase activity was calculated using the formula,  

 
 

 Whole cell immobilization 

Cells were entrapped with sodium alginate method. 
Sodium alginate (3% w/v) was prepared and it was added 

with the equal volume of culture. The mixture was 

introduced drop wise into 0.2 M CaCl2 solution taken in the 

petridish and kept for curing for 2 hours. They were 

preserved in 0.9% saline solution and kept in a refrigerator 

for the further processes. 

 

 Purification of Lipase 

 

 Ammonium sulphate precipitation 

After the incubation period, the culture was 

centrifuged at 12,000 rpm for 20 min at 4ºC. An enzyme 
preparation was obtained by precipitation with 30-60% 

ammonium sulphate fractionation.  At the end of 

fractionation the mixture was centrifuged at 10,000×g for 

30 minutes at 4°C and the pellet was collected and 
resuspended in small volume of 0.05 M phosphate buffer 

(pH 7.0) and checked for the enzyme activity. 

 

 Dialysis 

The dialysis membrane (10KDa) was pretreated with 

2% NaHCO3 and 10 mM EDTA. Then the sample was 

loaded in the pretreated membrane and it was placed in the 

stirring for 48h at 4oC.  

 

 Biodiesel production 

5g of oil and rational amount of enzyme, methanol 

and water were added and placed for the reaction at 45°C 
for 25h. The calculated methanol was added in three 

subsequent steps at 0, 3, and 6h of the complete reaction. 

The water and enzyme concentration were 8.43% and 

7.19% respectively. Methanol was added three times the 

volume with that of oil. The upper layer was collected and 

it was washed with warm water for several times and 

heated to 130°C to remove water content, left methanol and 

other impurities. 

 

 Primary characterization by TLC 

Thin Layer Chromatography is one of the methods to 
characterize biodiesel. The mixture of Chloroform: 

Methanol: Calcium oxide in the ratio of 6:3.5:0.8 was used 

as mobile phase and iodine solution was used as a spraying 

solution. The brown colour spot indicates the presence of 

methyl esters. 

 

 Analysis of Biodiesel – Flash point and Fire point 

About 50ml of sample used for analysis of flash point 

and fire point. The flash point and fire point were to be 

found out in order to check with the biodiesel standards. 

 

III. RESULT AND DISCUSSION 
 

 Time course study of biomass 

The growth profile for the organism was observed at 

regular intervals. The organism showed higher growth on 

48th hour. The growth curve is depicted as follows: 

 

 
Fig 1:- Time course study of Biomass 
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 Lipase activity 

 

 
Fig 2:- Tributyrin assay 

 

The figure (3) indicated that the maximal growth of 
organism was found on 48th hour sample as there was the 

hydrolysis of tween 20 was more on 48h. Specifically, pH 

reaches 6.5 which indicates the production of fattyacids. 

The figure (d) indicated that the change in colour of phenol 

red revealed the lipase activity. 

 

   
Fig 3:- Tween 20 plate assay 

 

   
Fig 4:- Phenol red clearing zone assay 

 

 Estimation of Lipase 
The lipase activity was calculated using the specific 

formula and maximum lipase activity was confirmed to be 

on 48th hour. 

 

 
Fig 5:- Estimation of lipase 

 

 
Table 1:- Lipase activity of extracellular free cell lipase 

 

 Whole cell immobilization 

The total bead counting were about 221. The beads 

were stored in 0.9% saline in refrigerator. The higher 
enzyme activity (4.4 U/ml/min) was observed in 48h 

culture and the beads are reused second time the same 

activity was maintained. 

 

 
Fig 6:- Immobilization of whole cells 

 

 Purification of enzyme Ammonium sulphate 

precipitation 

The supernatant of extracellular free cell lipase with 

lipase activity of 4.3 U/ml/min was used as crude enzyme 

and subjected to partial purification by ammonium sulphate 

precipitation in fraction of 30-60%. The supernatant of 

immobilized cell lipase with 4.4 U/ml/min activity was 
used ad crude enzyme and subjected to the purification. 

 

 Dialysis 

The crude sample was dialyzed using 10kDa 

molecular cut-off membrane. The salt contents are 

eliminated from the crude sample and the dialyzed sample 

had 4.6 U/ml/min enzyme activities. The lipase from the 

immobilized cell has showed lesser lipase activity than that 

of lipase from free cell. But, the immobilized cell lipase has 

much more reusability than free cell lipase.  

 
 Biodiesel production by volume ratio 3:1 

The biodiesel production was carried on the basis of 

volume ratio 3:1 of methanol and neem oil. The neem oil 

was taken as 50ml and the methanol was 150 ml and the 

enzyme concentration was 7.19% and the reaction time was 

about 24h. The top biodiesel was removing the unreacted 

methanol (as the boiling point of methanol is only 65°C). 
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Then, the remaining biodiesel was stored. The retention 

factor for the plate was calculated as 0.62.  
 

 
Table 2:- Lipase activity of extracellular immobilized cell 

lipase 
 

 
Table 3:- Lipase activity of extracellular free cell lipase and 

immobilized cell lipase after Precipitation 

 
Fig 4:- Dialysis of Lipase 

 

 
Table 5:- Lipase activity of the xtracellular free cell lipase 

and immobilized cell lipase after dialysis 

 

 
Fig 7:- Biodiesel production 

 

 Biodiesel Analysis: Flash point and Fire point  

The biodiesel produced from neem oil using lipase 

was confirmed by flash and fire point. The biodiesel fired 

at 135◦C and flashed at 132◦C. 
 

 
Fig 8:- TLC of Biodiesel 

 

 Biodiesel Analysis: Flash point and Fire point  

The biodiesel produced from neem oil using lipase 

was confirmed by flash and fire point. The biodiesel fired 

at 140ºC and flashed at 132ºC. 

 

 

 

4

4.1

4.2

4.3

4.4

4.5

4.6

Free cell Immobilized
cell

Crude

Fraction from
partial
purification(60%
)

4

4.1

4.2

4.3

4.4

4.5

4.6

Free cellImmobilized cell

Crude

http://www.ijisrt.com/


Volume 4, Issue 7, July – 2019                                              International Journal of  Innovative Science and Research Technology                                                 

              ISSN No:-2456-2165 

 

IJISRT19JL376                                                                www.ijisrt.com                     930 

IV. CONCLUSION 

 
In this study, Lipase from Pseudomonas aeruginosa 

TEN01 was produced and the higher lipase activity was 

obtained on 48h. Compared with free cell lipase, the 

immobilized cell enzyme activity was lower but it has the 

reusable ability. The partially purified lipase activity was 

similar with the crude lipase activity and produced lipase 

was made as a catalyst for the production of biodiesel using 

neem oil and methanol as substrates. From the result of 

TLC, the experimental Rf value was calculated. Therefore, 

the methyl ester formation is primarily characterized and it 

was confirmed by Flash and fire point tests.  
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