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The demand for biodiesel in the renewable energy sector continues to grow yearly. 
However, the majority of biodiesel sources currently still compete with the food 
sector. Feun Kase seeds contain high oil and do not compete with food, so they 
have prospects as a new source of biodiesel. This study aimed to find the optimal 
conditions for synthesizing biodiesel from Feun Kase seed oil, carried out through 
transesterification with four reaction variables: catalyst variation, time, 
temperature, and the molar ratio of oil/methanol. This study was equipped with 
parameter test data according to SNI (Indonesian National Standard) 7182:2015, 
also equipped with characterization using FTIR (Fourier Transform Infrared) and 
GCMS (Gas Chromatography Mass Spectroscopy). The highest biodiesel yield of 
84.09% was obtained using optimum conditions of 1% NaOH catalyst, 
oil/methanol molar ratio of 1:6 at 70°C for 90 minutes of reaction. The test results 
of biodiesel parameters are density (851 kg/m3), smoke point (6°C), kinematic 
viscosity (5.35 cSt); acid number (1.08 mg KOH/gr), saponification number 
(159.32 mg KOH/gr), iodine number (78.62 g I2/100 g sample), flash point (165°C), 
and cetane number (62.86). FTIR analysis proved the presence of methyl esters 
with typical absorption at 1743 cm-1, 1195.87 cm-1, and 1436.97 cm-1. GCMS 
characterization showed that Feun Kase biodiesel was dominated by methyl 
oleate (53.45%), methyl palmitate (27.05%), methyl stearate (10.96%), and 
methyl linoleate (6.29%). 

 

1. Introduction 

The world’s demand for biodiesel is increasing. This 
can be seen in biodiesel production, which continues to 
increase by 20% every year [1]. A total of 46.8 billion liters 
were produced in 2020, with the most significant 
contributing countries being Indonesia (17%), the USA 
(14.4%), Brazil (13.7%), Germany (7.4%), France (5%), 
followed by the Netherlands (4.6%) [2]. As the world’s 
largest biodiesel contributor, Indonesia has also 
experienced an increase in production, reaching 6.8 
billion liters in 2015 [3] and 8 billion liters in 2020 [2]. 
Currently, the most widely used biodiesel sources are 
palm oil (Indonesia and Malaysia), soybean oil (The USA 
and Brazil), sunflower and rapeseed oil (Europe), coconut 
oil (Philippines), Jatropha and Mahua oil (India), Karanja 
oil (Australia), Neem oil (Bangladesh), and rubber seed oil 

(Brazil) [4, 5, 6]. However, the majority of vegetable oil 
sources are also food sources. This certainly triggers 
future price competition between the energy and food 
sectors [7]. Therefore, non-food sources of biodiesel are 
needed to avoid the problem of competition [8]. 

Feun Kase (Thevetia peruviana) is a widespread plant 
on the island of Timor-Indonesia and several other 
countries, such as India and Mexico. This plant produces 
63% of vegetable oil from seeds [9]. Feun Kase is the 
name given by the Dawan tribe on the Timor-Indonesia 
island, also known as a poisonous plant. Thevetin A and 
thevetin B are cardiac glycosides contained in Feun Kase 
seed oil that have a harmful impact [10]. This makes Feun 
Kase seed oil unusable, so it is only used as an ornamental 
plant. Feun Kase oil from Gauhati University, India, has 
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been reported to contain fatty acids dominated by 43.72% 
oleic acid, 23.28% palmitic acid, 19.85% linoleic acid, 
10.71% stearic acid and 2.41% arachidonic acid [11]. 
Meanwhile, palm oil contains oleic acid (39%), palmitic 
acid (45%), linoleic acid (11%), and stearic acid (4%) [12]. 
Feun Kase seed oil, which has fatty acid content similar to 
palm oil and does not compete with the food industry, can 
potentially be a promising source of biodiesel in the 
future. 

The biodiesel synthesis is done through a 
transesterification reaction between triglyceride 
molecules and alcohol assisted by a catalyst. Alkaline 
catalysts, including NaOH, KOH, NaOCH3, and KOCH3, are 
currently the most frequently used in biodiesel [13]. Base 
catalysts such as NaOH have high catalytic activity in the 
transesterification reaction, which can give a reaction 
rate of 4000 times faster than acid catalysts [14]. 
Regarding temperature and time, Muthukumaran et al. 
[15] reported that the transesterification reaction of 
Madhuca Indica oil with a temperature of 60°C and 
reaction time of 90 minutes could give a yield of 88.71% 
biodiesel. In contrast, the transesterification of Karanja 
oil at a temperature of 70°C can yield 84% biodiesel [16]. 
Transesterification of sunflower oil at a temperature of 
75°C with a NaOH catalyst also gave a high yield of 98% 
[17]. Regarding the oil/methanol molar ratio, a ratio of 1:6 
is sufficient to provide a high product and is highly 
recommended when using methanol [18]. 

This study aimed to investigate the highest yield that 
can be achieved in synthesizing biodiesel from Feun Kase 
seed oil. Four important variables support the purpose of 
this research: catalyst, temperature, time, and the 
oil/methanol molar ratio, which can finally be formulated 
as optimal conditions. This research started with 
preparation, extraction, degumming, and 
transesterification and ended with biodiesel analysis. The 
analysis was conducted through parameter testing and 
characterization of biodiesel from the synthesis. Test 
parameters in this study include density, cloud point, 
kinematic viscosity, acid number, saponification number, 
iodine number, flash point, and cetane number, which 
can prove biodiesel quality from Feun Kase seed oil. 
Meanwhile, the characterization was performed using 
FTIR and GCMS to determine the methyl ester profile. 

2. Methodology 

This research was done in several steps, starting with 
sampling Feun Kase fruit, then preparation, extraction, 
degumming, transesterification, parameter testing, and 
characterization of biodiesel with GCMS and FTIR. The 
research was conducted at the University of Timor 
Laboratory. The parameter tests were carried out at the 
Center for Fuel Technology and Design Engineering – 
LIPI Serpong, while the FTIR and GCMS analyses were at 
the Laboratory of Advanced Minerals and Materials, State 
University of Malang. 

2.1. Materials 

Feun Kase seeds were collected from North Central 
Timor Regency, Indonesia. Solvents and other chemicals 
used were pro-analysis grades. The materials used were 

petroleum ether (Merck), H3PO4 (Merck), NaOH (Merck), 
KOH (Merck), methanol (Merck), filter paper (CV. Nurra 
Gemilang), distilled water (Purelizer), and anhydrous 
Na2SO4 (Merck). 

2.2. Sampling 

The black Feun Kase was collected from North 
Central Timor Regency, Indonesia. Feun Kase seeds were 
retrieved from the fruit after it had been peeled and then 
brought immediately to the lab for preparation. 

2.3. Preparation 

Feun Kase seeds were traditionally opened to obtain 
their kernel. This kernel was crushed in a blender and 
dried in an oven at 60°C for 4 hours [19]. The extraction 
process would be facilitated by crushing the kernel, and 
drying was intended to lower the water content. The dried 
Feun Kase kernel was stored in a closed container. 

2.4. Extraction 

The dried Feun Kase kernel was extracted to obtain 
the oil by maceration using petroleum ether solvent. The 
solvent was removed from the kernel after 60 minutes 
and separated from the oil by distillation. The oil obtained 
was filtered through filter paper, called crude oil. 

2.5. Degumming 

Crude oil (250 ml) was dissolved with 1% phosphoric 
acid in a separatory funnel with a ratio of 1:2 (v/v) at 70°C. 
After 24 hours, the oil was separated from the phosphoric 
acid solution and continued by evaporation on a hot plate 
at a minimum temperature of 100°C to free the oil from 
water molecules. Degumming was done to separate the 
gum and impurities contained in the oil. The degummed 
oil was then analyzed for acid number, %free fatty acid 
(FFA), density, viscosity, and cloud point tests [19]. 

2.6. Transesterification of Feun Kase oil 

The transesterification reaction was conducted with 
four variables: variation of catalyst concentration, 
temperature, reaction time, and oil/methanol ratio. The 
amount of methanol and NaOH catalyst used in the 
reactor was adjusted according to the variations described 
as follows: the concentration variations of the catalyst 
used were 0.1% (0.25 g), 0.5% (0.13 g), 0.75% (0.19 g), 1% 
(0.25), 2% (0.5 g), and 5% (1.25 g) NaOH (w /w). 
Variations for the temperature variable were 35, 45, 55, 
60, 70, and 90°C. For the time variable, variations of 30, 
60, 90, 120, and 150 minutes were used. For the variable 
oil/methanol molar ratio, variations of 1:3, 1:6, 1:9, 1:12, 
and 1:15 were used, with the amount of methanol being 
2.78, 5.57, 8.35, 11.14, 13.92 g, respectively. 

A total of 5.57 g of methanol (molar ratio of 1:6), 
0.25 g of NaOH catalyst (1%), and a magnetic stirrer were 
added to 25 g of crude oil which had been heated in the 
reactor (Duran bottle on a hot plate). The temperature 
was maintained at 60°C for 90 minutes. The above 
procedure is a standard procedure for all variables. As 
previously mentioned, a standard approach was 
employed for the variable catalyst concentration, which 
involved changing the concentration. This is also done for 
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temperature, time, and oil/methanol ratio variables. After 
the reaction was terminated, the mixture was poured into 
a separatory funnel and left for 90 minutes at room 
temperature to form two layers. The methyl ester layer 
(biodiesel) at the top was separated from the glycerol 
layer. This methyl ester layer was evaporated at a 
temperature above 65°C (to remove methanol) and then 
washed with warm water (40–50°C) until the pH of the 
wastewater became neutral (to remove the catalyst). The 
methyl ester was added with 1 g of anhydrous Na2SO4, 
then evaporated using a hot plate at a minimum 
temperature of 100°C to obtain water-free biodiesel. This 
biodiesel was stored in a closed container and ready for 
analysis. The biodiesel yield was calculated using 
equation (1) [20]. 

 Biodiesel yield =  
weight of biodiesel

weight of oil
 x 100% (1) 

2.7. Feun Kase biodiesel analysis 

Parameter tests were done to determine the quality 
of biodiesel, including density (SNI 7182:2015), cloud 
point (SNI 7182:2015), kinematic viscosity at 40°C (ASTM 
D445), acid number (ASTM D664), saponification 
number (SNI 7182: 2015), iodine number (SNI 7182:2015), 
flash point (ASTM D93), and cetane number that was 
calculated using equation (2) [21]. 

 CN = 46.3 +  
5.458

SN
− IV (2) 

where CN is the cetane number, SN is the saponification 
number, and IV is the iodine value. 

The methyl ester profile was characterized using 
FTIR and GCMS. The state of the GCMS apparatus was as 
follows: Column Oven Temperature: 100°C, Injection 
Temperature: 250°C, Injection Mode: Split Flow, Control 
Mode: Linear Velocity Pressure (107.2 kPa), Total Flow: 
433.8 mL/min, Column Flow: 1.43 mL/min, Linear 
Velocity: 44.5 cm/sec, Purge Flow: 3 mL/min, Split Ratio: 
300. 

3. Results and Discussion 

3.1. Characteristics of Feun Kase seed oil 

Feun Kase seed oil was degummed before being 
converted into biodiesel. The characteristics of 
degumming oil can be seen in Table 1, which can be 
concluded that degumming affected viscosity and acid 
number reduction. 

Table 1. Characteristics of Feun Kase seed oil 

Test Parameters Crude oil Oil after 
degumming 

Density (kg/m3) 855 851 

Cloud point (°C) 2 6 

Kinematic viscosity (40°C) 
(mm2/s) 

22.52 18.73  

Acid number (mg KOH/gr) 4.91 3.23 

Free fatty acids (%FFA) 2.47 1.62 

3.2. Transesterification 

The transesterification reaction in this study was 
conducted in a closed system reactor to avoid the loss of 
methanol molecules during heating. At the beginning of 

the reaction, it was seen that methanol was insoluble in 
oil. However, with the help of a magnetic stirrer and 
heating, methanol and oil can mix well. This 
transesterification reaction produces fatty acid methyl 
ester (FAME) products and glycerol [22]. Two layers were 
visible at the end of the reaction, with the top layer being 
methyl ester (pale yellow color) and the bottom layer 
being glycerol (dark yellow color) [23]. This is further 
reinforced by the fact that glycerol had a higher density 
(1260 kg/m3) than methyl ester (850–890 kg/m3). The 
transesterification process and the separation of methyl 
esters can be seen in Figure 1. 

 

Figure 1. Transesterification process (left), methyl ester 
separation (right) 

In almost all variables, the transesterification 
reaction was successfully conducted, as evidenced by the 
formation of a methyl ester layer. However, several 
variables did not perform well, such as the formation of 2 
layers at 0.1% NaOH concentration variations where the 
methyl ester layer appeared to be relatively thin (0.11% 
yield), leading the crude oil layer to predominate at the 
separating funnel. The 5% NaOH concentration did not 
produce any layer. In this variable, there was 0% biodiesel 
yield since all the oil transformed into soap with a solid 
white texture. This happens because the excess amount of 
catalyst will form soap through the saponification 
reaction [24]. Three layers appeared in the variation of 
the oil/methanol ratio of 1:3, including methyl ester, 
glycerol, and soap. In this variable, the simultaneous 
transesterification and saponification reactions also 
resulted in the oil-producing soap, resulting in low 
biodiesel yields (52.07%). Hoda [25] discovered that an 
oil/methanol molar ratio of 1:3 would lead to a low yield. 

3.3. Effect of the variables on biodiesel yield 

3.3.1. Effect of NaOH catalyst concentration on 
biodiesel yield 

Biodiesel yield data with various concentrations of 
NaOH catalyst can be seen in Figure 2. The biodiesel 
production using 0.1% NaOH catalyst concentration was 
only 0.11%, indicating that the 0.1% concentration is 
insufficient for converting oil into methyl esters. Hsiao et 
al. [26] reported that using 0.2% NaOH catalyst only 
produces a 16.3% biodiesel yield, while 1% NaOH could 
provide a 90.2% biodiesel yield. Moreover, using a 
catalyst concentration that is too high will prevent the 
formation of methyl esters. This can be seen as a 5% 
NaOH concentration results in a 0% biodiesel yield, 
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meaning that no methyl esters are produced. In addition, 
this 5% NaOH formed soap at the end of the 
transesterification reaction, thus indicating a 
saponification reaction. According to Efavi et al. [27], 
using too much NaOH catalyst creates soap and reduces 
biodiesel yield. The 1% NaOH catalyst concentration gave 
the highest biodiesel yield of 81.48%. This is in line with 
the results of Dhoot’s research that the 1% (w/w) NaOH 
catalyst concentration with Thevetia peruviana oil 
resulted in the highest yield [28]. Therefore, it can be 
concluded that the best catalyst concentration for 
biodiesel synthesis from Feun Kase oil is 1% NaOH. 

 

Figure 2. The yield of biodiesel with variations in NaOH 
catalyst concentration with an oil/methanol molar ratio 

of 1:6, 90 minutes, and 60°C 

3.3.2. Effect of reaction temperature on biodiesel yield 

Biodiesel yield data with temperature variations can 
be seen in Figure 3. The transesterification reaction at 
35°C gave a biodiesel yield of 30.95%. This indicates that 
the oil cannot be optimally converted into methyl esters 
at low temperatures. High temperatures are also not ideal 
for the transesterification reaction. This can be seen from 
the decrease in yield at a temperature of 90°C by 59.73%. 

 

Figure 3. The yield of biodiesel with variations in 
temperature with 1% NaOH catalyst concentration, 

90 minutes, and oil/methanol molar ratio of 1:6 

Transesterification or methanolysis of vegetable oils 
is usually carried out near the boiling point of methanol. 
If the temperature is too high, a saponification process 
will begin before the transesterification reaction is 
finished [29]. The data proves that the temperature is 
sufficient to influence biodiesel yield. The highest yield 
(84.09%) was achieved in this study with synthesis at 

70°C. Therefore, it can be said that 70°C is the ideal 
temperature for producing biodiesel from Feun Kase oil. 

3.3.3. Effect of reaction time on biodiesel yield 

Biodiesel yield data with variations in time can be 
seen in Figure 4. 

 

Figure 4. The yield of biodiesel with time variation with 
1% NaOH catalyst concentration, 60°C temperature, and 

oil/methanol molar ratio of 1:6 

Despite not being at its maximum, the 
transesterification reaction can produce a high yield of 
61.42% in only 30 minutes, meaning that the chemical 
equilibrium cannot be shifted towards the methyl ester in 
30 minutes. Increasing the transesterification reaction 
time will increase the conversion to methyl ester [28]. 
However, a prolonged reaction time can also lower 
biodiesel production, as evidenced by the decreasing 
biodiesel yield at a reaction time of 120 and 150 minutes. 
This is because transesterification is reversible; 
continuing the reaction for a more extended period leads 
to oil reformation [30]. This information suggests 
avoiding a prolonged reaction time because it could be 
costly and time-consuming for the biodiesel industry. 
The data proves that the reaction time affects the 
biodiesel yield. The highest yield of 81.44% can be 
achieved using a reaction time of 90 minutes during 
synthesis. Therefore, it can be concluded that the best 
time for synthesizing biodiesel from Feun Kase oil is 90 
minutes. 

3.3.4. Effect of oil/methanol molar ratio on biodiesel 
yield 

The yield data of biodiesel with various molar ratios 
between oil and methanol can be seen in Figure 5. The 
transesterification reaction at a ratio of 1:3 gave the 
lowest yield of 52.07%. Stoichiometrically, 1 mole of oil 
reacts precisely with 3 moles of methanol to produce 3 
moles of methyl ester (biodiesel) [18]. However, the 
methanol ratio must be higher in practice than the 
stoichiometric ratio to increase the collision between 
methanol and oil and generate a high yield [31]. This can 
be seen in the comparison data of 1:6 and more, which 
gives a higher yield, where the oil/methanol ratio of 1:6 is 
sufficient to produce a high yield of 73.59%. Researchers 
also observed the formation of soap in the 
transesterification reaction at a ratio of 1:3. This proves 
that the small amount of methanol, as well as the low 
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solubility of oil and methanol, causes the NaOH catalyst 
to react with free fatty acids to form soap [29], 
considering that the free fatty acid content in this study 
was also relatively high (4.91 mg KOH/gr). 

The most frequently used oil/methanol ratio is 1:6 
[13]. According to Hsiao et al. [26], the ratio of 1:6 greatly 
enhanced biodiesel yield, but the ratio of 1:12 was not 
particularly significant. This is because the amount of 
methanol is sufficient to dissolve the catalyst and support 
the transesterification reaction. In this study, biodiesel 
synthesis with an oil/methanol ratio of 1:6 had the 
highest yield of 73.59%. Therefore, this leads to the 
conclusion that a maximum reaction can be achieved with 
a ratio of 1:6, whereas a larger ratio does not significantly 
improve reaction performance. 

 

Figure 5. The yield of biodiesel with various molar ratios 
with 1% NaOH catalyst concentration, 60°C, and 

90 minutes 

3.4. Feun Kase Biodiesel Analysis 

The analysis of biodiesel in this study was performed 
with several test parameters according to SNI 7181:2015. 
Parameters tested include density, cloud point, kinematic 
viscosity, acid number, free fatty acid (FFA), iodine 
number, saponification number, flash point, and cetane 
number. Biodiesel has a pale yellow color floating on top 
of the glycerol layer at the end of the reaction. 
Additionally, compared to crude oil, biodiesel has lower 
flash point and viscosity characteristics [32]. Feun Kase 
biodiesel can be seen in Figure 6, and Table 2 shows the 
results of parameter tests comparing Feun Kase biodiesel 
and its crude oil. 

 

Figure 6. Crude oil (left) and Feun Kase biodiesel (right) 

The results of the Feun Kase biodiesel parameter test 
can be seen in Table 2. The researcher added Feun Kase 
crude oil analysis data in Table 2 for comparison. 
According to the analysis, Feun Kase biodiesel conformed 
with SNI 7181:2015, excluding the acid number. 

Table 2. Feun Kase biodiesel parameter test results 

Test Parameters Crude oil 
Biodiesel 

Feun Kase 
SNI 

7181:2015 

Density (kg/m3) 855 851 850-890 

Cloud point (°C) 2 6 Max. 18 

Kinematic viscosity (40°C) (mm2/s) 22.52 5.53  2.3-6 

Acid number (mg KOH/gr) 4.91 1.08 Max. 0.8 

Free Fatty Acids (%FFA) 2.47 0.54 - 

Iodine number (g I2/100 gr) 137.44 78.62 Max. 115 

Saponification number (mg KOH/gr) 165.65 159.32 - 

Flash point (°C) 324 165 Min. 100 

Cetane number 50.55 62.86 51 

Information on the acid number is intended to reveal 
the potential for corrosion, which can reduce the shelf life 
of the vehicle’s fuel tank [33]. The acid number of 
biodiesel with a value of 1.08 mg KOH/gr has exceeded the 
SNI limit. The high acid number in biodiesel comes from 
the high acid number of crude oil. This indicates that Feun 
Kase crude oil contains a significant level of free fatty 
acids, considering that esterification was not performed 
throughout this study. Cai et al. [34] produced biodiesel 
from used cooking oil with an acid number of 124.9 mg 
KOH/g. Cai et al. [34] reported that biodiesel production 
with two reaction steps (esterification followed by 
transesterification) could give a 93.1% biodiesel yield. 
Therefore, performing esterification before biodiesel 
synthesis is strongly advised. 

Density, viscosity, flash point, iodine number, and 
cetane number are the most frequently investigated 
biodiesel parameters because they significantly affect 
combustion, performance, and emissions in diesel 
engines [35]. Density and viscosity greatly affect the 
quality of atomization, droplet size, and penetration of 
biodiesel through the injection system. Therefore, the 
density standard has been determined, namely 850–890 
kg/m3, and the density of Feun Kase biodiesel (851 kg/m3) 
has complied with SNI. Panchal stated that biodiesel from 
Thevetia peruviana from India only has a density of 
840 kg/m3 [36]. 

Feun Kase’s biodiesel viscosity (5.53 mm2/s) has met 
the standard limits assigned by SNI. This viscosity 
measurement parameter has a considerable effect on the 
combustion performance of the engine. Higher viscosity 
(over 6 mm2/s) will lead to slow-burning of the fuel, raise 
the temperature of the diesel engine [37], and also cause 
problems in exhaust emissions caused by incomplete 
combustion [38]. The viscosity of biodiesel in this study 
was thicker than biodiesel from Thevetia peruviana from 
India, which was 4.45 mm2/s [36]. Although the viscosity 
of the biodiesel in this study was not significantly 
different from that of the biodiesel made in Nigeria using 
Thevetia peruviana. Yarkasuwa et al. [39] reported that the 
viscosity of biodiesel from Nigeria was 5.10 mm2/s, which 
also meets SNI. 

The flash point of Feun Kase biodiesel (165°C) also 
met SNI. The actual flash point has an indirect effect on 
engine performance. However, information on these 
parameters is used for safe storage and transportation 
requirements in compliance with flammable materials 
regulations [40]. The flash point in this study was similar 
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to the flash point of Thevetia peruviana biodiesel from 
Nigeria, which was 175°C [36]. 

Feun Kase biodiesel iodine number (78.62 g I2/100 gr) 
also met SNI. The iodine number indicates the tendency 
of the oil to oxidize and polymerize, thus forming 
deposits on the engine. The higher the iodine number, the 
more deposits stick to the machine [41]. Therefore, the 
maximum iodine number determined by SNI is 115 g 
I2/100 gr. 

The cetane number of Feun Kase biodiesel (62.86) 
has also met SNI. The cetane number in this study was 
obtained by calculating the saponification and iodine 
numbers. The cetane number is mainly responsible for 
the engine’s ignition delay (the time between injection 
and fuel combustion). The higher the cetane number, the 
better because the ignition delay time will be shorter and 
reduce knocking [42]. In short, the ignition delay will also 
accelerate the heat dissipation rate, so the engine does 
not require high heat during the combustion process [43]. 
Therefore, the high cetane number will make the engine 
run smoothly and quietly [44]. This study’s cetane 
number of biodiesel was higher than that of Thevetia 
peruviana biodiesel from Nigeria. Yarkasuwa et al. [39] 
revealed that Nigerian biodiesel had a cetane number 
of 58.97. 

3.5. Characterization of methyl esters 

3.5.1. FTIR analysis 

FTIR analysis in this study aimed to identify 
functional groups in Feun Kase biodiesel. The FTIR 
spectra of Feun Kase biodiesel in this study can be seen in 
Figure 7 or the supplementary file for more details. The 
synthesized biodiesel can be seen from the presence of 
methyl esters from the absorptions. The absorption of the 
ester group was seen at a wavenumber of 1743 cm-1 which 
showed C=O stretching and O-CH3 stretching at 1170.79 
cm-1 and 1195.87 cm-1 [45]. The spectra also show CH3 
asymmetric stretching at 1436.97 cm-1 and O-CH3 
stretching at 1195.87 cm-1. Torres et al. [46] explained that 
the FTIR spectra at wavenumbers around 1195 cm-1 and 
1436 cm-1 are the main differences between methyl ester 
and oil spectra, where both wavenumbers only appear in 
methyl ester spectra. 

 

Figure 7. FTIR spectra of Feun Kase biodiesel 

The same thing was also reported by Rabelo et al. [47] 
that CH3 asymmetric stretching at 1436.97 cm-1 only 
appeared in the methyl ester spectra. The regions of 
1425−1447 cm-1 and 1188−1200 cm-1 are typical 
absorptions of methyl esters (unavailable in the oil 

spectra), which prove the transformation from oil to 
biodiesel [48, 49]. The success of biodiesel synthesis in 
this study was also supported by the absence of 
wavenumbers in the absorption region of 1370−1400 cm-1 
for O–CH2 (glycerol groups from tri-, di-, 
monoglycerides) and 1075−1111 cm-1 for O–CH2-C, where 
the uptakes indicate the presence of oil molecules [50]. 

Wavenumbers of 2924.09 cm-1 and 2854.74 cm-1 
confirmed the presence of stretching (aliphatic) C-H 
groups, which were strengthened by a typical bending C-
H absorption at 1436.97 cm-1. The wavenumber of 723.31 
cm-1 also proves the presence of –(CH2)n–, which 
indicates the presence of long-chain alkane 
hydrocarbons. The peak of 3005 cm-1 indicates the 
presence of =C-H stretching, which demonstrates that 
Feun Kase biodiesel also contains carbon double bonds 
(alkenes) in the aliphatic chain [45]. 

3.5.2. GCMS analysis 

GCMS analysis in this study was used to identify the 
methyl ester profile of Feun Kase biodiesel. GCMS mass 
spectra of Feun Kase biodiesel can be seen in the 
supplementary file for more details. The GCMS mass 
spectra of Feun Kase biodiesel showed four peaks with a 
large percentage of area, namely the retention time of 
29.121, 35.395, 35.574, and 36.308, while the other peaks 
only have an area percentage below 1%. 

Feun Kase methyl ester profile showed in Table 3. It 
is revealed that the methyl ester profile of Feun Kase is 
primarily dominated by methyl oleate (53.45%), followed 
by methyl palmitate (27.05%). When compared to other 
research, methyl palmitate (45%) and methyl oleate 
(39%) were the two main components of the palm oil-
derived biodiesel [12], used cooking oil from Arabia was 
predominated by methyl palmitate (36.9%), and methyl 
oleate (31.6%) [51], Indonesian coconut oil was 
dominated by methyl laurate (32.4%) and methyl oleate 
(3.9%) [52], sunflower oil from Iraq was predominated by 
methyl linoleate (63.4%) and methyl oleate (24.6%) [53], 
methyl linoleate (45.59%) and methyl oleate (16.36%) 
were the two main components of the Chinese soybean oil 
[54], whereas Thevetia peruviana oil from India 
dominated by methyl oleate (43.72%) and methyl 
palmitate (23.28%) [11]. With the above comparison, Feun 
Kase biodiesel contains the highest methyl oleate 
(53.45%) among all biodiesel resources. 

Table 3. Feun Kase methyl ester profile 

Methyl Esters 
Molecular 
Formula 

Retention 
Time 

% Area 

Methyl palmitate 

 

C17H34O2 29.121 27.05 

Methyl linoleate 

 

C19H34O2 35.395 6.29 

Methyl oleate C19H36O2 35.574 53.45 
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Methyl stearate 

 

C19H38O2 36.308 10.96 

The number of double bonds is an essential factor 
affecting the oxidation rate: the more double bonds, the 
more susceptible it to oxidation [41]. However, the 
presence of double bonds in biodiesel also positively 
impacts decreasing viscosity (more liquid), so it can 
improve biodiesel performance at low temperatures. 
Unsaturated fatty acid methyl ester (FAME) has a lower 
viscosity than saturated FAME. This can be explained by 
considering molecular geometry. Almost all FAMEs with 
pi bonds always have a cis configuration, so these 
molecules do not stack effectively. In other words, the cis 
configuration prevents the sp2 carbon of neighboring 
molecules from approaching, so the intermolecular 
interactions in unsaturated FAME are weaker than in 
saturated FAME [55]. 

The number of double bonds is an essential factor 
affecting the oxidation rate: the more double bonds, the 
more susceptible it to oxidation [41]. However, the 
presence of double bonds in biodiesel also positively 
impacts decreasing viscosity (more liquid), so it can 
improve biodiesel performance at low temperatures. 
Unsaturated fatty acid methyl ester (FAME) has a lower 
viscosity than saturated FAME. This can be explained by 
considering molecular geometry. Almost all FAMEs with 
pi bonds always have a cis configuration, so these 
molecules do not stack effectively. In other words, the cis 
configuration prevents the sp2 carbon of neighboring 
molecules from approaching, so the intermolecular 
interactions in unsaturated FAME are weaker than in 
saturated FAME [55]. 

In comparison, biodiesel from fish oil is very 
susceptible to oxidation because it contains molecules 
with double bonds of more than three [41]. Feun Kase 
biodiesel is dominated by methyl oleate, which only has 
one double bond, so it can be said that Feun Kase biodiesel 
has good oxidation stability and, at the same time, has a 
positive impact on viscosity. 

4. Conclusion 

A series of results of this study concluded that the 
optimum conditions for biodiesel synthesis from Feun 
Kase seed oil were at 1% NaOH catalyst, 70°C, 90 minutes, 
and an oil/methanol molar ratio of 1:6. The maximum 
biodiesel yield achieved in this study was 84.09%. 
Parameter tests of Feun Kase biodiesel were density (851 
kg/m3), cloud point (6°C), kinematic viscosity (5.35 
mm2/s), acid number (1.08 mg KOH/gr), iodine number 
(78.62 g I2/100 gr), saponification number (159.32 mg 
KOH/gr), flash point (165°C), and cetane number (62.86). 
In addition to the acid number, the quality of biodiesel 
from Feun Kase seed oil has complied with SNI 7182:2015. 
FTIR analysis proved the presence of a methyl ester 

structure at typical absorptions of 1743 cm-1, 
1195.87 cm- 1, and 1436.97 cm-1. GCMS results showed that 
biodiesel from Feun Kase seed oil was dominated by 
methyl oleate (53.45%), methyl palmitate (27.05%), 
methyl stearate (10.96%), and methyl linoleate (6.29%). 
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