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Abstract—Biodiesel is a fuel that is clean, biodegradable, non-toxic 

and has low emissions. These conditions provide benefits to the 

environment, where the use of biodiesel has the potential to reduce 

pollution levels. Calophyllum inophyllum L. or Nyamplung seed is 

one type of plant that has the potential to be processed into biodiesel. 

The potential non-edible feedstock for biodiesel is currently being 

considered carefully for the purpose of continuing biodiesel 

production while not having a negative impact on the food issue. In 

this study, the production of biodiesel from Nyamplung oil using 

electromagnetic-induction has been investigated. The crude 

Calophyllum inophyllum oil has a free fatty acid value which is 

above 2%. Therefore, a pre-treatment acid catalyzed esterification 

process is required to reduce the free fatty acid (FFA) content. It was 

found that Calophyllum inophyllum oil was at a ratio of 6:1 M 

(methanol to oil) with a fairly short heating at 650C for 1.2 minutes in 

the presence of 2% KOH to obtain a lower acid value and the yield of 

methyl esters produced 40.31%. The results are shown that the 

improvement in biodiesel properties by using two stages of 

esterification method. The main characteristics of fuels such as 

viscosity, density, and FAME meet American Society for Testing 

Materials (ASTM) biodiesel standards. 
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I. INTRODUCTION 

Considering the increasing nature of global energy demand, 

rising oil prices and concerns about the side effects of fossil 

fuels on renewable environmental resources have attracted 

major research interest. Economic competitiveness, 

environmental factors, and technical reliability are important 

characteristics of green energy resources. Mitigating carbon 

dioxide and being an identical substitute for petroleum diesel 

without the need for further modifications to the engine are the 

two main advantages of biodiesel. 

Regarding the use of alternative fuels, some researchers 

have treated several plants that can be processed into fuel 

instead of diesel or gasoline. Generally, biodiesel is a liquid 

fuel that is processed from plants such as jatropha oil (jatropha 

curcas) [1-8], palm oil [9-12], soybean oil [13-17], and 

soursop seed [18]. In addition, one of the potential biodiesel 

plants is Calophyllum inophyllum or Nyamplung (in 

Indonesia) [19-21]. Calophyllum inophyllum L.belongs to the 

clan of Calophyllum which is spread throughout the world 

such as, Madagascar, East Africa. In Indonesia, Nyamplung is 

spread from West Sumatra, Riau, Jambi, South Sumatra, 

Lampung, Java, West Kalimantan, Central Kalimantan, 

Sulawesi, Maluku, to East Nusa Tenggara and Papua. 

The advantage of Nyamplung as biofuel is that the seeds 

have a higher yield than other types of plants (40-60% fence 

distance, 46- 54% oil palm, and 40-74% coverage), and their 

use does not compete with food interests [22]. Based on the 

prospect of development and other uses, Nyamplung plants 

grow and spread evenly naturally in Indonesia, easy 

regeneration and fruiting throughout the year which shows a 

high survival power to the environment. In addition, 

Nyamplung seed productivity (20 tons/ha) is higher than fence 

distance (5 tons/ha), palm oil (6 tons/ha) and other vegetable 

plants [23]. Nyamplung seeds have an oil content of 75% and 

unsaturated acids 71% [24]. This is obtained by pressing in the 

form of greenish yellow oil, similar to olive oil, with an 

aromatic smell and tasteless taste. It usually produces fruit 

twice a year and produces up to 100 kg and about 18 kg of oil 

[25]. 

In this work, the potential of Nyamplung seeds obtained 

from Kebumen in Central Java, Indonesia was analyzed. The 

main objective is to find out the characteristics and 

opportunities of Nyamplung seeds to be processed into 

biodiesel. This effort is done for developing the potential of 

natural resources that exist in this area. Moreover, important 

fuel properties were appraised and compared with ASTM and 

Indonesian National Standard (SNI) methods. 

II. EXPERIMENTAL 

2.1 Materials 

Fig. 1 shows the dry seeds of Calophyllum inophyllum. 

Nyamplung oil having >17.77% of Free Fatty Acids (FFA), 

(Fig. 2) was supplied from Kebumen, Central Java, Indonesia.  
 

 
Fig. 1. Dry seeds 
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Fig. 2. Calophyllum inophyllum crude oil 

2.2 Electromagnetic Induction Irradiation 

Nyamplung oil esterification reactions were carried out in 

the presence of HCL (2 wt.%) at temperatures 60℃ with using 

molar ratio of methanol-to- oil (20:1, by mole basis). Briefly, 

the first catalyst is dissolved in methanol and added 5 grams of 

nyamplung Oil in a 100ml beaker glass and placed inside the 

induction coil.  
 

 
Fig. 3. The esterification process using electromagnetic induction 

 

The beaker glass is filled with a mixture of methanol, 

nyamplung oil, HCL, and some iron metal elements are added. 

The method of processing biodiesel with electromagnetic 

induction radiation as shown in Fig. 3. The HCL catalyst 

samples were collected at the same experimental time interval 

(i.e. 1.2 minutes). The methanol was then evaporated and the 

product is transferred to a 100 mL separating funnel for the 

purification step. Products washed with hot distilled water 

(>80
0
C) to remove the remaining acid in the product, continue 

until the washing water shows pH ～ 7. 

2.3 Analysis 

The acid value (AV) of the oil sample was measured 

using a titration method reported previously [26, 27]. 

The FFA conversion reaction was the calculated based 

on the difference of acid value of feedstock and the 

product after the reaction completed [Eq. 1]. 

               ( )   
       

   
         (1) 

where AV1 is the initial acid value, and AV2 is the acid value 

after the esterification reaction. 

III. RESULT AND DISCUSSION  

3.1. Properties of Nyamplung Oil 

Table 1 shows the characteristics of Nyamplung seed oil. 

The oil extracted from Nyamplung seeds reaches a yield of 

69.11%, indicating the high oil content of Nyamplung seeds 

and the next potential as an oil source. The value of free fatty 

acid (FFA) from Nyamplung seed oil was 17.77%, indicating a 

high FFA content. Two fatty acid methyl esters were 

identified in the Nyamplung biodiesel, among which methyl 

linoleate (3.85%), and methyl palmitoleate (13.92%) were 

present in the highest amounts. The biodiesel production 

process must be refined to maximize the value of materials 

and minimize costs [28-30]. To maximize the yield of 

biodiesel from oils with high FFA levels, esterification must 

be done to reduce the level of FFA before transesterification 

[31-33]. Therefore, a two-stage acid catalyzed esterification 

process followed by alkali-transesterification was chosen for 

the synthesis of biodiesel from Nyamplung seed oil in this 

study. 

 

TABLE 1. Composition of Calophyllum inophyllum crude oil 

No. Parameter test Result 
 

No. Parameter test Result 

1 Methyl Butyrate <0.1 
 

20 Methyl Leloneate 3.85 

2 Methyl Hexanoate <0.1 
 

21 Methyl Aracehidate <0.1 

3 Methyo Octanoate <0.1 
 

22 Gamma-Lenolenic Acid Methyl Ester <0.1 

4 Methyl Decanoate <0.1 
 

23 Methyl Cis-11 eicocenoate <0.1 

5 Methyl Undecanoate <0.1 
 

24 Methyl Lenolenate <0.1 

6 Methyl Laurate <0.1 
 

25 Methyl Heneicosanoate <0.1 

7 Methyl Tridecanoate <0.1 
 

26 Cis-11-14-eicosedienoic Acid Methyl Ester <0.1 

8 Methyl Tetradecanoate <0.1 
 

27 Methyl Docosanoate <0.1 

9 Myristoleit Acid Methyl Ester <0.1 
 

28 Cis-8-11-14-eicosedienoic Acid Methyl Ester <0.1 

10 Methyl Pentadecanoate <0.1 
 

29 Methyl Ecurate <0.1 

11 Cis-10-Pentadecenoit Acid Methyl Ester <0.1 
 

30 Cis-11-14-17-eicosedienoic Acid Methyl Ester <0.1 

12 Methyl Palmiate <0.1 
 

31 Methyl Tricosanoate <0.1 

13 Methyl Palmitoleate 13.92 
 

32 Methyl Cis-5-8-11-14-eicosedienoic <0.1 

14 Methyl Heptadecanoate <0.1 
 

33 Cis-13-16-Docosadienoic Acid Methyl Ester <0.1 

15 Cis-10-Heptadecanoate Acid Methyl Ester <0.1 
 

34 Methyl Lignocerate <0.1 

16 Methyl Octadecanoate <0.1 
 

35 Methyl Cis-5-8-11-14-17- Eicosapentaenoate <0.1 

17 Trans-9-Elaidic Acid Methyl Ester <0.1 
 

36 Methyl Nervonate <0.1 

18 Cis-9-Oleic Methyl Ester 69.11 
 

37 Cis-4-7-10-13-16-Docosahexaenoate <0.1 

19 Lenolelaidic Acid Methyl Ester <0.1 
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3.2 Free Fatty Acid (FFA) Testing 

The esterification process aims to reduce the levels of free 

fatty acids in Nyamplung oil to reach below 2% with a molar 

ratio of 1:20 (oil to methanol). In this stage, the catalyst in the 

form of HCL is added as much as 2% mass of oil by 

dissolving it into methanol until it is completely mixed. The 

beaker glass is closed at the top to prevent oxidation with the 

surrounding air as long as the measurement of the volume and 

mass of the oil is refined oil by 300ml. Table 4 shows the 

results of esterification reactions carried out twice to get FFA 

values below 2%. 

 

TABLE 2. Composition of Calophyllum inophyllum crude oil 

Temperature 

Esterification I Esterification I 

Time 

(Min) 

FFA 

(%) 

Time 

(Min) 

FFA 

(%) 

600C 15 9.2 5 0.7 

3.3 Methyl Ester Analysis 

The analysis of provided Nyamplung oil has been done by 

using gas chromatography - mass spectrometer detector（GC-

MS. In this case GCMS testing was conducted at the 

Laboratory of the State University of Malang. Fig. 4 showed 

the GC chromatogram of Nyamplung feedstock. 

 

 
Fig. 4. GC-MS chromatogram of Nyamplung methyl esters produced using electromagnetic induction at optimized conditions (6:1 of methanol-to-oil molar ratio, 

65℃ reaction temperature, 2 wt.% of KOH and 1.2 min reaction time). 

 

In general, the biodiesel produced at all reaction times 

showed that the most compound from nyamplung oil biodiesel 

was methyl ester 9.12 octadecanoate (m/z=295). The 

percentage of the second largest major component of oleate 

methyl ester, while the methyl ester stearate and palmitate 

methyl ester are the third and fourth most components. The 

most major component found in nyamplung oil biodiesel as 

shown in the graph of the following fragments is methyl ester 

9.12 octadecanoate. 9.12 octadecanoic methyl ester is a 

compound that has a mass of 295. The compound fragments 

identified have the molecular formula C19H34O2. 

The fatty acid profile of methyl ester produced from the 

transesterification of methyl ester was shown in Fig. 4. The 

methyl ester constituents such as methyl oleate, methyl 

steareate, and methyl palmitate were main products of 

transesterification reaction using nyamplung as a feedstock 

(Table 1).  

3.4 Results 

After the separation and washing process, biodiesel is 

obtained by 43.92%. The fuel properties of nyamplung 

biodiesel in this work were summarized in Table 5. It was 

concluded that all the properties of nyamplung biodiesel 

(Table 2) were in the range of SNI, ASTM D6751-02, and EN 

14214 standards.  Based on the table, density resulted already 

fulfills the SNI standard around 0,85-0,89 gr/cm3. The density 

is influenced by molecule weight, moistures, and free fatty 

acid in biodiesel. Besides, the density is also influenced by 

carbon chain and not the fat degree of biodiesel. Biodiesel 

density will reduce as well as the increase of carbon chain and 

non-fat degree. 
 

 
TABLE 3. Nyamplung biodiesel properties compared with those of SNI, ASTM D6751, ASTM PS 121, EN 14214, and EN 14214 

Properties ASTM D6751 (USA) ASTM PS 121 EN 14214 C1 Biodiesel SNI This Study 

Acid value (mg KOH/g) <0.5 <0.5 <0.5 0.34 0.8 0.8 

Density (200C) (g/ml) 0.87-0.9 0.7328 No specific 0.877 0,850 - 0,890 0.882 

Kinematic viscosity, 400C (mm2/s) 1.9-6.0 1.9-6.0 3.5-5.0 5.6872 2.3-6.0 5.54 

 

3.5. Discussion 

Second-generation biodiesel is gaining more interest in the 

market as a sustainable alternative of diesel fuel. However, to 

produce biodiesel from new sources and continue to develop 

these in the market, various aspects must be examined. In this 

study, the potential of nyamplung plant was evaluated as a 

source of second-generation biodiesel. Oil was pressed from 

dry seed kernels, and oil properties have been analysed. Oil 

has been esterified to produce biodiesel using a two-step 

esterification technique, and the physicochemical properties 

were assessed. 

According to [34, 35], the advantageous characteristics of 



International Research Journal of Advanced Engineering and Science 
 ISSN (Online): 2455-9024 

 
 

151 

 
Sri Kurniati, Sudjito Soeparman, Sudarminto Setyo Yuwono, and Lukman Hakim, “Characteristics and Potential of Nyamplung 

(Calophyllum inophyllum L.) Seed Oil from Kebumen, Central Java, as a Biodiesel Feedstock,” International Research Journal of Advanced 

Engineering and Science, Volume 3, Issue 4, pp. 148-152, 2018. 

biodiesel over diesel fuel include reduced exhaust gas 

emissions and toxicity, high flash point, sustainability, non-

flammability, and a domestic. With rapid modernization and 

technological development, fuel is not only required to 

provide energy but also lubricity. It must emit little pollution 

and be chemically stable without affecting the environment. In 

line with this requirement, lubricating additives should be 

incorporated to reduce the sulfur from diesel through 

hydrotreatment.  The advantage of biodiesel compared to 

diesel fuel is because its raw materials are available on an 

ongoing basis, higher combustion efficiency, lower sulfur and 

aromatic content, and higher numbers of satanic. While the 

disadvantages, are having higher viscosity, lower energy 

content, higher nitrogen oxide emissions, and lower engine 

speed. 

In terms of environmental aspects, biodiesel is considered 

carbon neutral, because carbon dioxide is released into the 

atmosphere after being consumed as fuel and has been 

recycled or reused for plant vegetable oil growth [36]. 

Biodiesel has a cetane number higher than diesel because of 

its long chain fatty acid with double bonds 2–3, without 

aromatic and containing 10-11% oxygen according to its 

weight. The characteristics possessed by this biodiesel can 

reduce carbon dioxide (CO) emissions, hydrocarbons (HC) 

and particulates in flue gas compared to diesel [37]. 

IV. CONCLUSION  

This paper investigates the potential of nyamplung seeds 

for biodiesel production. In the current study, the condition of 

the esterification and transesterification reaction was 

optimized using electromagnetic induction radiation. Under 

optimized conditions, the results of esterification of biodiesel 

were obtained 65.96%, with a fairly short time (1.2 minutes). 

The properties of nyamplung biodiesel were determined and 

were found to meet SNI, ASTM D6751 and EN 14214. The 

results of this study indicate that nyamplung oil from 

Kebumen district is a potential biodiesel of nyamplung 

biodiesel raw material and biodiesel can serve as an alternative 

to petrodiesel. 
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