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 The increasing consumption of biodiesel has led to the continued development of 
biodiesel production using oils that do not compete with food, for example castor oil. 
This study aims to synthesize and characterize castor oil methyl ester (COME) as 
biodiesel. The FFA of castor oil is 0.66%, so that a transesterification reaction with 
methanol using a KOH catalyst can be carried out. The reaction was characterized by 
Thin Layer Chromatography (TLC) and Gas Chromatography-Mass Spectrometry 
(GCMS). The highest content of COME is methyl ricinoleate at 65.481%. Followed 
by FFA at 0.4%, a cloud point of -9°C, a pour point of -18°C, and a density at 40°C 
of 887.2 kg/m3 which is in accordance with SNI. The data serve as an update to 
complement the quality parameters of castor oil biodiesel. 
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Introduction  
Castor oil (Ricinus communis) is a non-

edible oil containing 85-90% ricinoleic acid. 
Ricinoleic acid has hydroxyl groups and double 
bonds that can be further synthesized to 
produce more valuable compounds, such as 
biodiesel [1]. Oil production from castor seeds is 
the highest than from other oilseeds (40–45%), 
does not compete with food as it belongs to non 
edible, and can be grown in marginal land with 
easy care. this leads to castor oil being 
optimized for more cost-efficient and more 
environmentally friendly production of 
biodiesel [2], [3]. Biodiesel-derived castor oil is 
more environmentally friendly because it is 
sulfur-free, aromatic compound-free, and 
produces cleaner combustion [2].  

Biodiesel is a fatty acid methyl ester 
(FAME). FAME is made through the process of 
transesterification of triglyceride-containing 
vegetable oils with alcohols such as methanol, 

yielding FAME as the main product and 
glycerol as the by-product [4]. This reaction is 
catalyzed by a strong base and a stoichiometric 
oil : alcohol ratio between 1:6 to 1:9 [5], [6]. In 
the transesterification reaction, the oil-to-
alcohol ratio typically ranges from 1:6 to 1:9 [6]. 

The demand for biodiesel in Indonesia has 
grown rapidly, reaching the government’s set 
quota of 16.62 million kiloliters for 2025  [7]. This 
development is driven by the Decree of the 
Minister of Energy and Mineral Resources No. 
341.K/EK.01/MEM.E/2024 on blending biodiesel 
with petroleum-based diesel (e.g., B30, B35, B40) 
to meet various performance and 
environmental standards. Biodiesel in 
Indonesia is predominantly composed of fatty 
acid methyl esters (FAME) derived from palm 
oil. Such demand must comply with the 
applicable standards. 

Biodiesel standards are regulated under 
the Quality Standard (Specification) of Biofuel 
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Type Biodiesel as an Alternative Fuel Marketed 
Domestically issued by the Ministry of Energy 
and Mineral Resources of the Republic of 
Indonesia in 2019. These standards cover acid 
value as well as physical properties such as 
cloud point, pour point, and density. The 
maximum limit for the acid value is 0.5 
mgKOH/g, the cloud point of biodiesel must not 
exceed 18 °C, the pour point must not exceed 15 
°C, and the standard density range for biodiesel 
is 850–890 kg/m³. 

FAME derived from palm oil tends to have 
high cloud and pour points. Research 
conducted by Joelianingsih et al. (2019), 
reported that palm oil FAME has a cloud point 
ranging from 13,2 °C to 17,4 °C. This relatively 
high cloud point is attributed to the high 
content of saturated fats (particularly palmitic 
acid and stearic acid) in palm oil FAME  [8]. The 
pour point of methyl FAME from palm oil 
ranges between 5,2 °C and 9 °C [9]. Its pour 
point is significantly higher compared to FAME 
from more unsaturated oils, thereby limiting its 
flow performance at low temperatures for use in 
colder climates [9]. When FAME is at low 
temperatures, it forms wax crystals that 
aggregate with each other due to van der Waals 
forces [10]. Saturated FAME has straight, 
unbranched chains that can pack closely 
together. This tight packing enhances London 
dispersion forces (van der Waals), resulting in 
stronger intermolecular attractions [11]. 
Stronger van der Waals interactions in saturated 
FAME reduce flow properties at low 
temperatures, as reflected by the increased 
cloud point and pour point [11].  

 Previous studies on biodiesel from castor 
oil have examined in detail the unique chemical 
structure of ricinoleic acid and the resulting fuel 
properties. However, key quality parameters of 
castor oil biodiesel, such as acid value, as well 
as comprehensive comparisons of cloud point, 
pour point, and density with literature data, 
remain limited. Therefore, in this study, an 
investigation was carried out on the 
transesterification of castor oil into Castor Oil 
Methyl Ester (COME), with a focus on reaction 
mechanisms, Gas Chromatography–Mass 
Spectrometry (GC–MS) profiles, acid value, and 
physicochemical properties, in order to provide 

deeper insights into its potential as a sustainable 
biodiesel feedstock. 
 
Materials and Methods 
Materials 

Commercial castor oil was obtained from a 
local supplier in Indonesia, methanol (≥99.0%; 
Merck), potassium hydroxide (≥99.0%; Merck), 
distilled water, anhydrous Na₂SO₄ (Merck), 
phenolphthalein (PP) indicator, propanol 
(≥99.0%; Merck), universal indicator, silica gel 
TLC 60 F254, and Whatman No. 42 filter paper. 
 
Methods 
Acid Value Test 

The acid value was measured twice: first 
for castor oil before transesterification, and 
second for COME obtained after 
transesterification. Approximately ±1.00 g of 
castor oil was dissolved in 50 mL of isopropanol 
and 0.8 mL of 1% phenolphthalein (PP) 
indicator was added. The solution was then 
titrated with 0.1 N potassium hydroxide (KOH), 
standardized with oxalic acid, until a faint pink 
endpoint was reached. The titration was carried 
out three times, and the volume of KOH was 
recorded. The volume of KOH was then used to 
calculate the acid number and FFA values in 
equations (1) and (2). The acid number in 
COME was also carried out in the same way. 
Acid	Value = !!"!#$%!×#!"!#$%!×#$&'(

%&'()*	,*-./0
 (mgKOH/g) 

(1) 

%Free	Fatty	Acid	(FFA) ≈
Acid	Value

2  

(2) 
[12] 

 
Synthesis of Castor Oil Methyl Ester (COME) 

Castor oil which has a %FFA below 2-2.5% 
or below 4-5 mgKOH/g, can be used for COME 
synthesis [12]. Transesterification of castor oil 
into COME was adapted from the research of 
Zetra et al. (2023). Castor oil was heated at 60 °C. 
KOH solution (1% w/w oil) in methanol with a 
mole ratio of 1:6 (oil:methanol) was mixed with 
castor oil when the oil temperature reached 60 
°C. The recction was carried out for two hours 
at 60 °C and 500 rpm [13]. The reaction was 
monitored using Thin Layer Chromatography 
(TLC). The eluent used was n-hexane: diethyl 
ether: acetic acid (16:6:1) [14]. The separated 
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components can be identified initially based on 
the Retention Factor (Rf) value, which indicates 
how far each component moves on the 
chromatography plate. Rf can be calculated 
using equation (3) based on the figure 1.  

Rf = &
1
  (3) 

 
 

Figure 1. Retention Factor (Rf) of Thin Layer 
Chromatography (TLC) 

After the reaction was complete, the 
mixture was transferred into a separating 
funnel and left overnight until two layers 
separated. Purification was carried out using 
the Suzihaque (2022) method, where the upper 
layer was removed and washed with distilled 
water until the pH was neutral. The remaining 
water was withdrawn with 10 grams of 
anhydrous sodium sulfate (Na2SO4). The 
indication that water is completely removed is 
when the sodium sulfate crystals no longer 
clump together and remain as free-flowing fine 
particles. 

 

Analysis of COME Components 
 The synthesized COME was then 

analyzed for its composition using Gas 
Chromatography–Mass Spectrometry (GC–MS) 
with an Agilent GCMSD5975C equipped with 
an HP-5MS capillary column (5% 
phenylmethylpolysiloxane) of dimensions 60 m 
× 250 µm × 0.33 µm, using helium (He) as the 
carrier gas. The oven operational conditions 
were set as follows: an initial temperature of 70 
°C held for 5 minutes, followed by a ramp to 300 
°C at a rate of 5 °C/min, and maintained at 300 
°C for 19 minutes. The GC–MS data were 
analyzed using Agilent MSDA software, and 
the fragmentation patterns were interpreted 
with reference to literature studies. 

 
Physical Properties Testing of COME 

The physical properties of COME analyzed 
include cloud point, pour point, and density, 
determined based on ASTM D2500, ASTM D97, 
and ASTM D4052. 
 
Result and Discusion 
Acid Value of Castor Oil 

The titration was carried out using castor 
oil as the titrate and 0.1 N KOH as the titrant, 
and it was performed three times. The repetition 
of three trials aimed to estimate errors, thereby 
making the experimental results more accurate 
[15]. The results of the repetitions can be seen in 
Table 1. The acid value is calculated using 
equation (1) and %FFA is calculated using 
equation (2). The average acid value of the 
castor oil used was 1.33 mgKOH/g with a free 
fatty acid (FFA) content of 0.66%. 

Table 1. Acid Value and %FFA of Castor Oil 

Repetition Mass of oil (g) Volume of 
KOH (mL) 

Acid Value 
(mgKOH/g) 

acording to Eq. (1) 

FFA (%) 
acording 
to Eq. (2) 

1 1,0281 0,24 1,30 0,65 

2 1,0106 0,25 1,38 0,69 

3 1,0357 0,24 1,29 0,64 

Average 1,33 0,66 

 
The principle of the titration is the 

neutralization of free fatty acids in castor oil by 

KOH, which is based on an acid–base reaction. 
The acid value content in the oil needs to be 
determined prior to the transesterification 
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reaction because it can affect the efficiency and 
yield of the transesterification process [16]. A 
high acid value can inhibit the 
transesterification process using strong base 
catalysts because it tends to promote soap 
formation. Soap is produced through the 
saponification reaction, namely the reaction 
between FFA and a strong base to form soap. 
Instead of proceeding with transesterification, 
high FFA levels trigger saponification. 
Therefore, oils or fats with FFA contents higher 
than 2–2.5% will encounter difficulties during 
the transesterification reaction [12]. The 
saponification reaction is shown in the reaction 
mechanism in Figure 2. 

 
Figure 2. Saponification Reaction Between Free 
Fatty Acid (FFA) and KOH Base 
Transesterification of COME 

Castor oil was first heated in a three-neck 
flask at 60 °C. At this temperature, the reaction 
achieves high conversion and yield, generally in 
the range of 83–89% for biodiesel [17]. At low 

temperatures, the reaction tends to be 
incomplete and results in lower yield, while at 
high temperatures, efficiency may decrease due 
to increased methanol evaporation and catalyst 
instability [18]. 

Potassium hydroxide was first dissolved in 
methanol before being mixed with the oil. By 
dissolving potassium hydroxide in methanol 
beforehand, potassium methoxide is formed, 
which significantly enhances the catalytic 
efficiency of the reaction compared to adding 
solid potassium hydroxide directly into the oil 
[19]. Strong bases such as potassium hydroxide 
can deprotonate methanol by removing a 
proton from methanol and forming potassium 
methoxide which is nucleophilic and more basic 
than methanol [20]. The methoxide anion 
(CH3O-) acts as a nucleophile and attacks the 
carbon atom in the electrophilic carbonyl group 
of triglycerides, producing a tetrahedral 
intermediate. This intermediate then releases 
the diglyceride and forms COME. This also 
occurs in diglycerides and monoglycerides. 
Thus, one triglyceride produces three COME 
and one glycerol [21]. The mechanism reaction 
can be seen in Figure 3. 

 
Figure 3. Transesterification Reaction Mechanism of Triglycerides with Methanol Using Potassium 
Hydroxide as Catalyst

 
The reaction was monitored using Thin 

Layer Chromatography (TLC). At 120 minutes 
(two hours), there were no more traces of the 

starting material in the product (Figure 4). The 
Rf of each substance can be seen in table 2. This 
is in line with the research of Ramezani et al. 
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(2010), where the transesterification of castor oil 
at 60 °C was completed at 120 minutes [22]. 

 
Figure 4. Spots on TLC. MA = Starting Material; 
MA + P = Starting Material plus Product; P = 
Product.  
 

Table 2. Rf for Each Substance According to 
TLC  

Substance a (cm) b (cm) Rf 
(1) 4 0,3 13,33 
(2) 4 0,8 5,00 
(3) 4 1,3 3,07 
(4) 4 2,3 1,74 
(5) 4 3,5 1,14 

 
Components of COME 

Thin Layer Chromatography (TLC) was 
used to verify the formation of the product and 
to ensure that the starting material had 
completely reacted, as shown in Figure 4. 
Subsequently, the obtained product was 
analyzed using Gas Chromatography–Mass 
Spectrometry (GC–MS) to identify its 
components and determine the relative 
abundance of each component. The Total Ion 
Chromatogram (TIC) results are presented in 
Figure 5. 

 
Figure 5. Total Ion Chromathogram (TIC) 

Gas chromatography produced a Total Ion 
Chromatogram (TIC) as shown in Figure 5, 
where peaks and retention times were detected. 
The mass spectrometer (MS) then provided 
additional information on the molecular masses 
and characteristic fragments [23]. From the 
analysis results, the identified COME 
components and their abundances are 
summarized in Table 3. 

Table 3. Methyl Ester Components in COME and Their Abundances 

Peak Methyl Ester Molecule 
Mass Abundance (%) 

A Palmitate 270 12,440 

B Heptadecanoate 284 0,342 

C Linoleate 294 0,342 

D 
Oleate 296 6,260 

E 

F Stearate 298 12,601 

G Ricinoleate 312 65,481 

H Arachidate  326 0,885 

 
Of the eight peaks observed, three were the 

most prominent. Peak A, at a retention time of 
29.720 minutes, with an area of 99,870,059 and a 
relative abundance of 12.440%, was identified as 

methyl palmitate. Peak F, at a retention time of 
33.491 minutes, with an area of 101,157,638 and 
a relative abundance of 12.601%, was identified 
as methyl stearate. Peak G, at a retention time of 
36.822 minutes, with an area of 513,761,977 and 
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a relative abundance of 65.481%, was identified 
as methyl ricinoleate. The mass spectra of 
methyl palmitate, methyl stearate, and methyl 
ricinoleate are shown in Figure 6. 

 
(a) 

 
(b) 

 
(c) 

Figure 6. Mass Spectra (MS) of (a) Methyl 
Palmitate, (b) Methyl Stearate, and (c) Methyl 
Ricinoleate.  

While gas chromatography provides 
information on retention time and peak 
intensity, mass spectrometry adds information 
about molecular mass. This mass data can be 
used to identify, quantify, and determine the 
structure and chemical properties of a 
compounds  [23]. Electrons are fired at 
molecules to produce positively charged 
fragments. These fragments are unique to each 
compound and are known as "fingerprints." 
Therefore, these fragments can be used to 
identify a compound [23]. The same case in fatty 

acid methyl ester, there is a fragment that is 
characteristic of fatty acid methyl ester, namely 
a fragment with a molecular ion of m/z 74 [24]. 
COME is a fatty acid methyl ester, so COME 
also has a molecular ion fragment m/z 74 
(Figure 5). The peak of the m/z 74 molecular ion 
fragment was obtained from McLafferty 
rearrangement. McLafferty rearrangement is 
the transfer process of γ-hydrogen atom into 
double-bonded atom through β-bond cleavage 
in a six-membered transition stage [25]. The 
McLafferty rearrangement of COME can be 
seen in Figure 7. 

 
Figure 7. The McLafferty Rearrangement of 
COME 
 
Physicochemical Properties of COME 

Biodiesel’s demand in Indonesia tends to 
be high. The biodiesel market volume surged 
from 3.7 million kiloliters in 2018 to 13 million 
kiloliters in 2023, with a compound annual 
growth rate (CAGR) of 28.2%. During the same 
period, the market value rose from IDR 40.7 
trillion to IDR 139.7 trillion. This market is 
projected to continue expanding, with 
estimated revenues reaching USD 2.8 billion in 
2025 and USD 7.1 billion in 2031 [26]. This high 
demand must be accompanied with high 
quality of biodiesel ora FAME. 

The quality of produced FAME was 
analysed and  evaluated based on its 
physicochemical properties, such as free fatty 
acid (FFA) content, cloud point, pour point, and 
the density of COME. The results then 
compared with the SNI (Indonesian National 
Standard) for biodiesel and other studies, as 
presented in Table 4. 

 
 
 
 

Table 4. Physicochemical Properties of COME in This Study Compared with SNI and Other Studies 
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Physicochemical Properties 

References  
FFA (%) 

Cloud Point 

(°C) 

Pour Point 

(°C) 

Density at 40 

°C (kg/m3) 

0,5 Max, 18 Max, 15 850–890 SNI 

0,4 -9 -18 887,2 This Study 

- -15 - 909,8 (Todaka, 2014) [27]  

0,3 - - 920 (Roy et all, 2020) [28] 

0,32 - - 819 (Mamuye and Reshad, 2022) [29] 

0,73 - -20 925,6 (Canoira et all, 2009) [30] 

 
In this study, the %FFA in COME was 

0.4%, which means that after transesterification, 
the %FFA decreased by 0.26%. This is in line 
with research by Roy et al. (2020) and Mamuye 
et al. (2022), where castor oil after 
transesterification became 0.3% and 0.32% [28], 
[29]. The %FFA in COME meets the %FFA 
requirements of the Indonesian National 
Standard (SNI). 

The percentage of FFA needs to be 
considered in biodiesel production because FFA 
affects the quality, safety, and suitability of 
biodiesel for diesel engines. The standard of 
%FFA should not more than 0,5% (SNI, ASTM). 
The presence of FFA in biodiesel indicates that 
the oil has not been fully transesterified  [31]. 
Biodiesel containing high levels of FFA is prone 
to causing engine corrosion, oxidative 
degradation, and can form soap and cause 
clogging in filters and injectors. In addition, the 
presence of FFA causes changes in combustion 
characteristics, such as exhaust gas 
temperature, carbon residue, and increases the 
heating value of biodiesel [31], [32], [33]. 

The cloud point and pour point of COME 
were –9 °C and –18 °C, respectively. This is 
consistent with the findings of Todaka (2014) 
and Canoira et al. (2010), which reported that 
the cloud point and pour point of castor oil 
FAME were below 0 °C. The hydroxyl group in 
methyl ricinoleate plays an important role in the 
resulting cloud and pour points. The presence 
of a polar group, in this case the hydroxyl 
group, limits the degree of co-crystallization 
between FAME molecules  [34]. Co-
crystallization can be limited because the 

hydroxyl group hinders van der Waals 
interactions between FAME molecules. 

The density of COME at 40 °C was 887.2 
kg/m³, which is still within the limits set by the 
SNI standard. Other studies, as shown in Table 
5, reported the density of castor oil FAME in the 
range of 819–925.6 kg/m³. A higher number of 
double bonds (unsaturation) slightly increases 
density, as the presence of double bonds 
introduces bends in the chains that allow the 
molecules to pack somewhat more closely [35]. 
In this case, the degree of unsaturation in COME 
is relatively high, as indicated by the abundance 
of methyl ricinoleate containing a double bond 
at 65.481%. Consequently, the density of COME 
tends to be higher, yet it still falls within the SNI 
specification limits. 

Density affects atomization, spray 
formation in the injectors, and combustion 
efficiency. The range 850–890 kg/m³ matches 
diesel engine specifications so biodiesel behaves 
similarly to petroleum diesel in flow, injection, 
and burning processes  [36]. Low density (below 
standard) can cause fuel burns too fast or less 
completely, leading to lower engine efficiency 
and higher emissions and reduce fuel's 
lubricating properties, potentially increasing 
wear on engine components [36]. High density 
(above standard) can cause dirty smoke, carbon 
deposits, and engine knocking, injector and 
filter blockage, increased emissions, and 
formation of deposits in engines and exhaust 
systems,  harder to pump and may gel, 
especially at lower temperatures, and 
sometimes indicates incomplete washing, 
leading to water in biodiesel, which is harmful 
to engines [37], [38]. Density of FAME from 
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palm oil typically range from 860-890 kg/m3 

[39], [40]. Density of FAME from soybean oil 
generally between 882-890 kg/m3 [41]. Density 
of FAME from coconut oil range from 860-870 
kg/m3 [42], [43].  

This study just analyzed for four 
parameters. Which is acid value, cloud point, 
pour point, and density. Therefore, future 
studies are recommended to include other 
parameters such as viscosity, flash point,  cetane 
number, so on to strengthen the validity and 
completeness of the research findings. 
Conclusions 

This study discusses the synthesis and 
characterization of castor oil methyl ester 
(COME) as a biodiesel feedstock to address the 
growing demand for biodiesel in Indonesia. 
Castor oil with an FFA content of 0.66% was 
converted into methyl esters via 
transesterification using methanol and KOH as 
a catalyst (molar ratio 1:6). TLC and GC–MS 
analyses showed that the main component was 
methyl ricinoleate, comprising 65.481% of the 
product. COME exhibited an FFA of 0.4%, a 
cloud point of –9 °C, a pour point of –18 °C, and 
a density of 887.2 kg/m³ at 40 °C. All 
physicochemical parameters complied with the 
SNI biodiesel standards, indicating that COME 
has the potential to be used as biodiesel in cold 
climates and as a blend component in B40 and 
B50 formulations, and possibly as B100 in the 
future. 
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