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Biodiesel is an alternative fuel which may replace fossil with one of its potential sources being Jatropha curcas, a 
non-edible plant. However, the quality of Jatropha seed oil needs to be improved by decreasing the viscosity and 
increasing the calorific value. Furthermore, the biodiesel mixture of Jatropha seed and waste cooking oil has the 
potential to increase the quality of the fuel. The pre- and post-transesterification processes are essential in making 

the mixture. Moreover, it is important in determining properties such as viscosity, density, calorific value, and 
flash point. The results of this study indicated that the decrease of viscosity, density, flash point, and the increase  
of calorific value were due to the structural change in fatty acid in the mixture. 
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Introduction 
 
Vegetable oil is one of the solvable energy 
sources used as alternatives to fossil fuel. 
However, it may not be appropriate in engines 
due to its high viscosity. To overcome the 
problem, the process transesterification can be 
used to decrease its viscosity [1]. 
  
One source of biodiesel is Jatropha curcas [2], a 
non-edible plant with no effect on food supply. 
Jatropha plants were generally found and used 
in most tropical and subtropical regions of the 
world. These plants grow fertile in poor 
conditions, resistant to drought, and can grow in 
marginal soils [3]. Jatropha has been identified 
as the main source of biodiesel from non-edible 
raw materials in developing countries such as 
Indonesia, Malaysia, and India [4]. Its oil is one of 
the prospective biodiesel feedstocks with high 

viscosity. This is due to the fact that its main 
constituent comprises of long chain unsaturated 
fatty acids. The use of transesterification process 
alone is not adequate when it comes to decrease 
the viscosity. Alternatively, mixing Jatropha oil 
with petrol diesel gives better results [5]. 
Conversely, there are problems associated with 
the disposal of used cooking oil because it 
pollutes the water environment. Therefore, it is 
safely disposed or utilized in such a way that it is 
harmless to human beings [6]. Used cooking oil 
mainly composes of short-chain saturated fatty 
acids. The use for biodiesel feedstock is one of 
the efforts for recycling waste, and it is a much 
cheaper raw material [7]. The biodiesel has 
several advantages, for example, it is 
biodegradable, non-toxic, less emission 
producer, high lubricity, and higher flash point 
[8]. Nevertheless, it must comply with some 
quality parameters to compete commercially.  
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Several researches carried out previously 
focused on increasing biodiesel properties using 
some mixture. For instance, Sarin et al. mixed 
Jatropha, palm, and pongamia [9] while other 
researchers used rubber seed and palm [10], 
soybean, cottonseed, and castor [11]. Making a 
mixture helps in improving biodiesel properties. 
For example, addition of cooking oil decreases 
the viscosity of Jatropha oil. This is because it 
changes the fatty acid structure, and this leads to 
new properties. To comply with a specified 
standard, biodiesel may depend on fatty acid 
compositions [12]. Unfortunately, most of the 
studies on the mixture of various biodiesel types 
only focus on feedstock and not fatty acid 
compositions [13]. Mixed vegetable oil produced 
a nonlinear composition consisting of fatty acids 
[14]. The objective of this study, therefore, was 
to determine the effect of mixture of waste 
cooking oil on properties of Jatropha biodiesel. 
The studied properties were density, viscosity, 
flash point, and calorific value. It was also aimed 
at determining the influence of how to mix 
biodiesel raw materials before and after 
transesterification. 
 
 

Materials and Methods 
 
This research used Jatropha and waste cooking 
oil as samples of the mixture prepared using two 
methods. The first one involved mixing Jatropha 
and waste cooking oil and processing the 
mixture to biodiesel. The second method 
involved processing pure oil to biodiesel and 
mixed the products of both oil types.  
 
In the first method, Jatropha and waste cooking 
oils were mixed for a period of 60 minutes at a 
temperature of 90°C. Mixing was conducted with 
a heater and stirrer. Compositional ratios of 
Jatropha oil mixture and waste cooking oil were 
100:0 to 0:100 with 10% increment. 
Furthermore, esterification process was 
conducted with the variations. This mixed oil 
reacted with 99% methanol at a 22.5% of oil 
volume and 18 M sulfuric acid (H2SO4) at a 0.5% 

of oil volume at 60°C and was stirred for 60 
minutes.  
 
Transesterification process was carried out using 
methanol (15% of oil volume) and potassium 
hydroxide (KOH) (1% of oil volume as catalyst). 
The mixture was stirred for 60 minutes at 60°C. 
After the transesterification process was 
completed, the mixture was deposited at the 
separator for about 8 hours, which resulted in a 
separation between biodiesel and glycerol with 
the latter removed from the bottom layer. 
  
Furthermore, biodiesel washing was conducted 
using water heated above the boiling point of 
methanol (> 65°C). This process was useful for 
removing contaminants present in biodiesel. In 
addition, the drying process was carried out by 
heating the oil at 100°C for 10 minutes. This was 
useful for removing the remaining water content 
after the washing process. 
 
In the second method, each pure oil was 
transesterified into biodiesel. The 
transesterification technique was the same as 
the one used in the first method. This process 
produces Jatropha biodiesel and used cooking oil 
biodiesel. Furthermore, both types of biodiesel 
were mixed with variations in composition as in 
the first method. This process produced 
Jatropha and waste cooking oil biodiesel. 
Furthermore, both types of biodiesel were mixed 
with variations in composition as in the first 
method. Mixing was carried out for 60 minutes 
at 60⁰C. 
 
The additional processes were to test biodiesel 
properties, which included density, viscosity, 
flash point, and calorific value. Density and 
viscosity were measured at 40°C. 
 
 

Results and discussion 
 
The compositions of fatty acid of Jatropha and 
waste cooking oil were shown in Table 1. 
Jatropha oil contains cis-11,14,17-eicosatrienoic 
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Table 1. Content of fatty acid of Jatropha oil and waste cooking oil (%). 
 

Fatty Acid Abbreviation Jatropha Oils Waste Cooking Oils 

Methyl Butyric  C4:0 - 14.74 
Methyl Tetradecanoic C14:0 - 0.75 
Methyl Palmitic  C16:0 1.2 35.90 

Methyl Octadecanoic  C18:0 - 3.18 
Cis-9-Oleic Methyl ester  C18:1 9.82 36.51 
Lenolelaidic Acid Methyl Ester  C18:2 1.42 - 

Methyl Lenolenic  C18:3 - 7.28 
Methyl Arachidic C20:0 - 0.39 
Methyl Cis-11-eicocenoic  C20:1 - 0.30 
cis-11,14,17-eicosatrienoic acid methyl ester C20:3 87.19 - 

Methyl Docosanoic C22:0 - 0.36 

 
 
Table 2. Properties of diesel fuel, Jatropha oil, and waste cooking oil. 
 

Properties Diesela Jatropha Oils Waste Cooking Oils 

Density ,40oC (kg/m3) 830.00 937.74 893.29 
Kinematic Viscosity ,40oC (cSt)     3.53 193.55    56.16 

Flash Point (oC) 69.00 309.67 305.33 
Calorific Value (MJ/kg) 43.80   37.16    38.56 

a [7, 15] 

 
 
acid methyl ester and cis-9-oleic methyl ester 
while waste cooking oil contains butyric methyl, 
palmitic methyl, cis-9-oleic methyl ester. 
Transesterification did not change fatty acid 
compositions from the feedstock. 
 
Table 2 showed the properties of standard 
commercial diesel fuel [7, 15], Jatropha oil, and 
waste cooking oil. Jatropha oil demonstrated a 
higher density, viscosity, and flash point than 
that of cooking oil, while its calorific value was 
lower than that of cooking oil. 
 
Density  
The amount of mass of fuel that can be injected 
into the combustion chamber depends on the 
density of the fuel. Furthermore, the ratio of fuel 
air (AFR) and the energy content of the fuel 
entering a combustion chamber is influenced by 
the density of the fuel. The density of the oil 
mixture is influenced by the degree of 
unsaturation. The higher the degree of 
unsaturation of an oil, the higher its density [16]. 
The longer the carbon chain, the larger the size 

of the molecule, which causes higher density 
[17]. 
 
The density of each variation of biodiesel 
mixture was shown in Figure 1. The density of 
Jatropha biodiesel was 907.4 kg/m3 while the 
density of used cooking oil biodiesel was 861.99 
kg/m3. Jatropha oil has fatty acids with double 
bonds and long carbon chains. This causes the 
high density of Jatropha biodiesel to decrease 
with the increasing mixture of used cooking oil 
biodiesel. Mixed density drops linearly from 
100% Jatropha biodiesel to 100% used cooking 
oil biodiesel. Both mixing methods gave almost 
the same density results. 
 
Viscosity  
Viscosity is an important property because it 
influences the ability of fuel sprayer. High 
viscosity causes bigger particle size, constraint of 
sprayer, and narrow sprayer injection angle [18]. 
Unsaturation level and long fatty acid chain 
affect viscosity. Basically, longer carbon chain 
and   lower   unsaturation   level  lead  to  higher 
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Figure 1. Density of biodiesel mixture of Jatropha seed oil and waste cooking oil. 

 
 

 
 

Figure 2. Viscosity of biodiesel mixture of Jatropha seed oil and waste cooking oil. 

 
 
viscosity [16]. Molecular weight has higher effect 
on viscosity than saturation level [19].  
 
The viscosity of waste cooking oil biodiesel at 
temperature of 40°C was 7.1 cSt. Biodiesel of 
Jatropha oil showed a relatively higher viscosity 
of 23.65 cSt at 40°C, which was greater than 

viscosity of biodiesel of waste cooking oil. This 
was because the Jatropha oil’s fatty acid carbon 
chain was longer than that of cooking oil. 
Furthermore, the viscosity of the biodiesel 
mixture decreased with an increase of the 
composition of used cooking oil. Figure 2 showed 
that the mixture of Jatropha and waste cooking 
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Figure 3. Flash point of biodiesel mixture. 

 
 

 
 

Figure 4. Calorific value of biodiesel mixture. 

 
 
oil in the ratio of 90%:10% decreased viscosity by 
28.4%, while a ratio of 70%:30% showed a 
viscosity decrease of 47.6%. In ratios of further 
compositions, viscosity values were relatively 
constant. The mixture methods used before and 
after transesterification produced nearly equal 
results. 
 

Flash point  
Flash point is one of the biodiesel properties for 
standard safety in transportation and storage. It 
is affected by fatty acid structure [20]. Figure 3 
indicated that the flash point of biodiesel of 
waste cooking oil was lower than the flash point 
of biodiesel of Jatropha seed oil. Biodiesel of 
waste cooking oil showed flash point of 171.2°C, 
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while the flash point of biodiesel of Jatropha 
seed oil was 205.1°C. Mixing of biodiesels of 
waste cooking and Jatropha seed oil decreased 
the flash point, though in a manner relatively 
linear to the mixture compositions. The two 
mixing methods did not give very different flash 
point results. 
 
Calorific Value  
The standard measurement of energy content is 
calorific value, which is lower in vegetable oil 
than it in diesel due to high oxygen content. The 
low calorific value of biodiesel decreases the 
engine power and, as a consequence, increases 
the fuel consumption. The higher fatty acid 
content with double bonds in carbon chain (C=C) 
lowered the calorific value of biodiesel [16].  
 
Figure 4 demonstrated that biodiesel of waste 
cooking oil showed higher calorific value (39.14 
MJ/kg) than that of Jatropha oil (36.98 MJ/kg) 
due to higher fatty acid with double bonds in 
biodiesel of the Jatropha seed oil. The biodiesel 
mixed with waste cooking oil showed a higher 
calorific value. The mixed biodiesel of Jatropha 
seed and waste cooking oil increased the 
calorific value due to change in their 
compositions. The two methods of biodiesel 
mixing gave results nearly equal in the calorific 
value. 
 
 

Conclusions 
 

Jatropha and waste cooking oil have different 
fatty acid structures, and this influenced the 
mixed biodiesel. Mixing these oils, therefore, 
causes a change in the properties. The results 
showed that the mixing method of biodiesel 
before and after the transesterification reaction 
yielded almost the same results in the properties 
of mixed biodiesel. This showed that the two 
mixed methods produced similar fatty acid 
composition. 
 
To improve the quality of Jatropha oil biodiesel, 
it should be mixed with used cooking oi l. The 
results showed a decrease in viscosity and 

density when this approach was used. There was 
also a decrease in the flash point which was still 
above the permitted limit. The calorific value 
also increased with an increase in waste cooking 
oil percentage. Therefore, this method is quite 
efficient for improving the quality of biodiesel.  
Further research needs to be carried out with a 
variety of transesterification processes. 
 
 

References 
 

1.  Leung DY, Wu X, Leung MKH. 2010. A review on biodiesel 

production using catalyzed transesterification. Applied 

energy. 87:1083–1095. 

2.  Silitonga AS, Atabani AE, Mahlia TMI, Masjuki HH, Badruddin 

IA, Mekhilef S. 2011. A review on prospect of Jatropha curcas 

for biodiesel in Indonesia. Renewable and Sustainable Energy 

Reviews. 15:3733–3756. 

3. Jain S, Sharma MP. 2010. Prospects of biodiesel from Jatropha 

in India: a review. Renewable and Sustainable Energy 

Reviews. 14:763–771. 

4. Silitonga AS, Masjuki HH, Mahlia TMI, Ong HC, Chong WT, 

Boosroh MH. 2013. Overview properties of biodiesel diesel 

blends from edible and non-edible feedstock. Renewable and 

Sustainable Energy Reviews. 22:346–60. 

doi:10.1016/j.rser.2013.01.055. 

5.  Alptekin E, Canakci M. 2008. Determination of the density 

and the viscosities of biodiesel–diesel fuel blends. Renewable 

Energy. 33:2623–2630. 

6. Chhetri A, Watts K, Islam M. 2008. Waste cooking oil as an 

alternate feedstock for biodiesel production. Energies.1:3–

18. 

7. Phan AN, Phan TM. 2008. Biodiesel production from waste 

cooking oils. Fuel. 87:3490–3496. 

8.  Demirbas A. 2009. Progress and recent trends in biodiesel 

fuels. Energy conversion and management. 50:14–34. 

9.  Sarin A, Arora R, Singh NP, Sarin R, Malhotra RK, Kundu K. 

2009. Effect of blends of Palm-Jatropha-Pongamia biodiesels 

on cloud point and pour point. Energy. 34:2016–2021. 

10.  Yusup S, Khan M. 2010. Basic properties of crude rubber seed 

oil and crude palm oil blend as a potential feedstock for 

biodiesel production with enhanced cold flow characteristics. 

Biomass and Bioenergy. 34:1523–1526. 

11.  Meneghetti SMP, Meneghetti MR, Serra TM, Barbosa DC, 

Wolf CR. 2007. Biodiesel production from vegetable oil 

mixtures: cottonseed, soybean, and castor oils. Energy & 

Fuels. 21:3746–3747. 

12.  Knothe G. 2008. “Designer” biodiesel: optimizing fatty ester 

composition to improve fuel properties. Energy & Fuels. 

22:1358–1364. 

13.  Echim C, Maes J, De Greyt W. 2012. Improvement of cold filter 

plugging point of biodiesel from alternative feedstocks. Fuel. 

93:642–648. 



Journal of Biotech Research [ISSN: 1944-3285] 2019; 10: 183-189 

 

189 

 

14. Wahyudi W, Wardana ING, Widodo A, Wijayanti W. 2018. 

Improving Vegetable Oil Properties by Transforming Fatty 

Acid Chain Length in Jatropha Oil and Coconut Oil Blends. 

Energies.11:394. 

15. Sidibé SS, Blin J, Vaitilingom G, Azoumah Y. 2010. Use of crude 

filtered vegetable oil as a fuel in diesel engines state of the 

art: Literature review. Renewable and Sustainable Energy 

Reviews.14:2748–2759. doi:10.1016/j.rser.2010.06.018. 

16.  Hoekman SK, Broch A, Robbins C, Ceniceros E, Natarajan M. 

2012. Review of biodiesel composition, properties, and 

specifications. Renewable and sustainable energy reviews. 

16:143–169. 

17.  Rodrigues Jr J de A, Cardoso F de P, Lachter ER, Estevão LR, 

Lima E, Nascimento RS. 2006. Correlating chemical structure 

and physical properties of vegetable oil esters. Journal of the 

American Oil Chemists’ Society. 83:353–357. 

18.  Agarwal D, Agarwal AK. 2007. Performance and emissions 

characteristics of Jatropha oil (preheated and blends) in a 

direct injection compression ignition engine. Applied Thermal 

Engineering. 27:2314–2323. 

19.  Hong IK, Jeon GS, Lee SB. 2014. Prediction of biodiesel fuel 

properties from fatty acid alkyl ester. Journal of Industrial and 

Engineering Chemistry. 20:2348–2353. 

20.  Carareto ND, Kimura CY, Oliveira EC, Costa MC, Meirelles AJ. 

2012. Flash points of mixtures containing ethyl esters or 

ethylic biodiesel and ethanol. Fuel. 96:319–326. 

 


