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Abstract. Palm olein esters are potentially convertible into epoxy oil, which can serve as a 

plasticizer. Palm olein can be reacted with alcohol in the presence of a base catalyst in a process 

named transesterification. This study aimed to investigate the application of palm olein to produce 

fatty acid methyl esters (POLe-ME) using sodium hydroxide and potassium hydroxide as catalysts, 

which are then evaluated for their potential as plasticizers. The research process involved 

selecting raw materials based on the iodine and acid numbers. Subsequently, transesterification 

was conducted using 1% base catalysts. The characterization of POle-ME included evaluating its 

acid number, iodine number, viscosity, fatty acid composition, and functional groups. The findings 

indicate that using a molar ratio of oil to methanol of 1:6 and potassium hydroxide as a catalyst 

achieved the highest yield at 94.99%. The produced POle-ME exhibited a peak at 1436 cm-1, 

indicating the presence of a methyl ester functional group. The fatty acid composition of POle-ME 

consisted predominantly of oleic unsaturated fatty acid (C18:1) at 49.13%. Additionally, POle-

ME exhibited an iodine number of 60.42, an acid number of 1.395, and a viscosity of 7.16 mPa·s, 

indicating its potential as a raw material for epoxy oil (plasticizer) production. 
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1. Introduction 

Indonesia is the world's leading palm olein producer, contributing more than half of the 

world's total palm olein production. In 2022, Indonesia exported crude palm oil (CPO) at 2% and 

crude palm kernel oil (CPKO) at 4%, with an increase in the export of downstream products, 

including refinery and other products, at 73% and 21%, respectively [1]. One of the downstream 

products derived from palm olein that has the potential as an export commodity is epoxy oil, 

commonly used as a plasticizer [2–4]. Up to this point in time, the main raw material used to 

produce epoxy oil as a plasticizer is derived from soybean oil, taking the form of epoxidized 

soybean oil (ESBO), of which Indonesia is not a producer. However, Indonesia does produce palm 

olein, another source from which epoxy oil can be derived. In addition to ESBO, phthalic acid and 

its esters, which are derivatives of petroleum, are widely used in the industry as plasticizers 

[5]. However, phthalate use in the industry has negative impacts. Since phthalates are not 
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chemically bonded to the polymer structure, they can leach from the polymer matrix and be 

released into the environment during production and manufacturing, leading to their detection as 

pollutants in the atmosphere, water, soil, and sediments [6,7]. 

Palm olein, the source of epoxy oil, is produced through refining processes—such as 

bleaching and deodorization—and fractionation. It remains in liquid phase and is commonly used 

as cooking oil [8]. It consists of 40% saturated fatty acids (primarily palmitic acid), about 45% 

monounsaturated fatty acids (primarily oleic acid), and about 10% polyunsaturated fatty acids 

(primarily linoleic acid). Oleic acid application as a plasticizer in PVC particularly attracts interest 

in research [9,10] as it has several advantages, such as being biodegradable, renewable, non-toxic, 

environmentally friendly, and stable against light and heat [11]. Oleic acid content of 55% in palm 

olein gives it the potential to be developed into a plasticizer through chemical modification via 

esterification, transesterification, and epoxidation [12].  

Reaction with alcohol changes palm olein into ester compounds [13], as palm olein contains 

a carboxyl group. As this reaction is slow, the presence of a catalyst, whether it be in the acid, 

base, or carbon form, is critical to its acceleration [14,15]. The use of acid catalysts to esterify fatty 

acids can be challenging, especially in the purification process, resulting in side reactions like 

saponification, the formation of emulsions, and a corrosive process. On the other hand, 

transesterification with base catalysts offers multiple advantages, including ease of purification 

and lower acidity, which minimizes side reactions and maximizes yields [16].  

Numerous studies have reported the transesterification of palm olein using base catalysts 

such as potassium hydroxide (KOH) for biodiesel production [17]. A few comparative studies have 

also explored the use of sodium hydroxide (NaOH) and KOH in the transesterification of recycled 

vegetable oils for biodiesel applications [18]. However, these studies have primarily focused on 

biofuel, while the implications of catalyst choice for the properties of methyl esters intended for 

further conversion into epoxidized palm olein, which is used as a plasticizer, remain 

underexplored. 

Since the physicochemical properties of methyl esters—including yield, viscosity, iodine 

number, and residual free fatty acid content—influence the efficiency of subsequent epoxidation 

and plasticizer performance, it is important to evaluate how different base catalysts affect the initial 

transesterification outcome. To the best of our knowledge, no prior studies have directly compared 

the use of NaOH and KOH in the transesterification of palm olein for the specific purpose of 

producing fatty acid methyl esters (POle-ME) as precursors for epoxidized plasticizers. 

This study aimed to fill that gap by modifying palm olein using both NaOH and KOH 

catalysts and evaluating the resulting methyl esters in terms of their suitability for further 

conversion into plasticizers. NaOH and KOH were selected for comparison due to their widespread 
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availability, cost-effectiveness, and proven catalytic efficiency in base-catalyzed 

transesterification reactions [19]. KOH tends to exhibit better solubility in alcohols, which can 

enhance reaction kinetics, while NaOH is generally more economical and produces fewer soap by-

products under optimized conditions [20]. Comparing these two catalysts offers practical insights 

for optimizing the transesterification process for plasticizer precursor production, particularly in 

terms of yield, reaction efficiency, and downstream processing suitability. 

The findings are expected to contribute to the development of palm-based plasticizer 

alternatives, supporting national import substitution efforts and offering a more sustainable, non-

phthalate plasticizer option to minimize environmental and health risks. 

2. Materials and Methods 

2.1. Materials and Equipment 

This study used palm olein (food grade, from a local market), methanol (CH3OH) (analytical 

grade, 99.9% purity, from Merck), KOH (analytical grade, ≥ 85.0% purity, from Merck), and 

NaOH (analytical grade, 99.0% purity, from Merck). 

The equipment used included three-necked Erlenmeyer flasks (Iwaki Glass, Indonesia), 

reflux condensers (Iwaki Glass, Indonesia), separating funnels (Iwaki Glass, Indonesia), a 

thermometer (Iwaki Glass, Indonesia), hot plates with magnetic stirrers (Thermo Fisher Scientific, 

United States), an analytical balance (Ohaus, United States), an NDJ-9S rotary viscometer 

(Cgoldenwall, China), a PerkinElmer Frontier C96600 FTIR spectrometer (PerkinElmer, United 

States), and a GC-MS spectrometer (Shimadzu, Japan). 

2.2. Sample Preparation 

The iodine number determines the raw material selection, in this case palm olein. It reflects 

the oil's double bonds; the higher the iodine number, the more double bonds there are. Palm olein, 

which was used as a raw material for POle-ME, has a high iodine number and a low acid number. 

Iodine number determination was conducted on three palm olein products from different brands 

(A, B, and C). 

2.3. Palm Olein Transesterification 

The palm olein transesterification process in this study followed Daryono and Mustiadi's 

method [21]. Palm olein (about 100 g) was put into a three-neck Erlenmeyer flask and then heated 

and stirred. Catalyst solutions were prepared by dissolving 1% catalysts (KOH and NaOH) in 

methanol at molar ratios of 1:3 and 1:6. Each catalyst solution was added to the oil when the 

temperature reached 63°C. Stirring was set at 600 rpm. After 135 minutes, the stirring was brought 

to an end and the product was put in a separating funnel. This separation process lasted for 24 

hours until two layers were formed. The top layer, which was POle-ME, was taken and then 
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distilled at 70°C to separate the methanol. The POle-ME product with the highest yield was 

selected for further processing, with molar ratios of methanol to oil of 1:8 and 1:10. 

2.4. POle-ME Characterization 

The acid number was determined by titration with potassium hydroxide (KOH) following 

AOAC Official Method 940.28. The iodine number was measured using the Wijs method in 

accordance with AOAC Official Method 920.158. Fatty acid composition was analyzed by gas 

chromatography (GC) after methylation of the fatty acids into fatty acid methyl esters (FAMEs), 

based on AOAC Official Method 996.06. All measurements were conducted in triplicate at the 

Food and Nutrition Laboratory, Universitas Gadjah Mada, and the results are reported as mean 

values. Viscosity measurements were conducted using a rotary viscometer, and functional group 

analysis was performed using Fourier Transform Infrared (FTIR) spectroscopy at the 

Instrumentation and Polymer Laboratory, Politeknik ATK Yogyakarta. 

2.5. Statistical Analysis 

Statistical analysis was performed using SPSS software through ANOVA (analysis of 

variance) to evaluate the effect of each factor, followed by Duncan’s Multiple Range Test (DMRT) 

for post hoc comparison. A confidence level of 95% (α = 0.05) was applied. 

3. Results and Discussion 

3.1. Iodine and Acid Numbers of Palm Olein 

The iodine number is used to measure an oil or fat's saturation level, with higher values 

indicating higher levels of unsaturation. A high iodine number indicates the presence of more 

double bonds in the compound [22]. In producing quality epoxy oil plasticizers, POle-ME raw 

materials that have high levels of unsaturation or high iodine numbers are needed. Table 1 shows 

the iodine numbers of several palm olein products. 

Table 1.  Iodine and acid numbers of palm olein products 
Characteristics Palm Olein A Palm Olein B Palm Olein C 

Iodine number 59.785 ± 0.615a 58.215 ± 0.165b 60.030 ± 0.460a 

Acid number 1.280 ± 0.010b 1.485 ± 0.015a 1.455 ± 0.015a 
Source: Data processing results; different statistical notations (a, b) indicate significant differences. 

Table 1 shows that palm olein A and palm olein C had relatively similar iodine numbers, 

whereas palm olein B had a lower iodine number than palm olein A and palm olein C. Based on 

the acid number, palm olein A was chosen as the raw material for POle-ME in this study. The acid 

numbers of the palm olein products are shown in Table 1. The acid number is an indicator of the 

amount of free fatty acids present in a fat or oil. A high acid number indicates a high amount of 

free fatty acids [23]. Free fatty acids in oil can react with base catalysts in the transesterification 

process, resulting in soap formation. As a result, the catalyst is lost during the POle-ME formation 
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process, which in turn reduces the amount of yield [24]. Palm olein B had the highest acid number, 

and palm olein A had a lower acid number than palm olein C. Since palm olein should have a high 

iodine number and a low acid number to be used as a raw material for POle-ME, palm olein A was 

chosen as the raw material for POle-ME in this study. 

3.2. Fatty Acid Composition of Palm Olein 

Analysis revealed that palm olein A contained nine types of fatty acids, as illustrated in Fig. 

1. The figure shows that there were several prominent peaks that corresponded to different fatty 

acid methyl esters. The major fatty acids detected were palmitic acid (C16:0) at a retention time 

of 7.992 min and oleic acid (C18:1) at 11.794 min, indicating that these were the dominant 

components in palm olein A. Linoleic acid (C18:2), an essential polyunsaturated fatty acid, 

appeared at 12.770 min, contributing to the nutritional value of palm olein. In addition to these 

major components, smaller peaks were observed for lauric acid (C12:0) at 4.285 min, myristic acid 

(C14:0) at 5.380 min, palmitoleic acid (C16:1) at 8.338 min, stearic acid (C18:0) at 11.024 min, 

linolenic acid (C18:3) at 14.338 min, and arachidic acid (C20:0) at 16.019 min. Details of the 

composition of palm olein A are provided in Table 2, with similar results with the chromatogram 

shown in Fig. 1. The three most abundant fatty acids in palm olein A were oleic acid at 47.28%, 

palmitic acid at 35.01%, and linoleic acid at 12.10%. This is consistent with previous research 

[25], which reported palmitic acid, oleic acid, and linoleic acid concentrations in the ranges of 

39.30–47.50%, 36.00–44.00%, and 9.00–12.00%, respectively. Similar findings were seen in other 

research indicating that palm olein from Indonesia mostly comprises oleic acid, linoleic acid, and 

palmitic acid [26,27]. 

 
Fig. 1. Chromatogram of fatty acids in palm olein A 
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Because of its high unsaturated fatty acid content (Table 2), which indicates the presence of 

double bonds in the hydrocarbon chains of the unsaturated fatty acids, palm olein A was considered 

as a good raw material for making POle-ME. These double bonds will facilitate the formation of 

oxirane rings in the future production of epoxy oil. This result is consistent with previous research, 

which reported that double bonds in unsaturated fatty acids can be effectively converted into 

epoxide groups, resulting in products suitable for industrial applications, such as plasticizers and 

epoxy resins [28]. 

Table 2. The composition of fatty acids of palm olein A 

Fatty Acids Composition 

(%) Group Name Symbol 

Saturated fatty acids Lauric Acid C12:0 0.21 ± 0.03 

 Myristic Acid C14:0 0.83 ± 0.04 

 Palmitic Acid C16:0 35.01 ± 0.46 

 Arachidic Acid C20:0 0.33 ± 0.04 

 Stearic Acid C18:0 3.83 ± 0.05 

Monounsaturated fatty acids Palmitoleic Acid C16:1 0.25 ± 0.03 

 Oleic Acid (Omega 9) C18:1 47.28 ± 0.55 

Polyunsaturated fatty acids Linoleic Acid (Omega 6) C18:2 12.10 ± 0.03 

 Linolenic Acid (Omega 3) C18:3 0.17 ± 0.01 

 

3.3. Transesterification Yield 

Transesterification of palm olein A was carried out using two types of catalysts—KOH and 

NaOH—with ratios of yields as shown in Table 3. According to the data presented in that table, 

transesterification using a KOH catalyst with a molar ratio of methanol to oil of 1:6 produced the 

highest POle-ME yield, reaching 94.99%. As the KOH catalyst produced a higher yield than its 

NaOH counterpart, further experiments with ratios of 1:8 and 1:10 were carried out using the KOH 

catalyst. According to Table 3, a molar ratio of 1:6 was set as the process condition for the future 

production of POle-ME (raw material for epoxy oil production). The molar ratio of methanol to 

oil of 1:6 was also used in previous studies [29–32]. 

Table 3. Transesterification yields using KOH and NaOH catalysts 

Molar ratios of 

methanol to oil 

Yield (%) 

KOH NaOH 

1:3 90.41 80.33 

1:6 94.99 94.91 

1:8 92.16 - 

1:10 93.16 - 

 

The finding showing that the use of the KOH catalyst, with a molar ratio of methanol to oil 

of 1:6, in transesterification produced a higher yield than the use of the NaOH catalyst is in line 

with previous research [33]. The KOH catalyst is known to produce less glycerol (residual 
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transesterification) than the NaOH catalyst, as NaOH causes the saponification reaction to run 

faster and form a gel on the bottom layer. 

3.4. POle-ME Characteristics 

Palm olein A was transesterified with methanol with a molar ratio of 1:6 in the presence of 

a KOH catalyst, resulting in POle-ME with properties consistent with those noted in Table 4. The 

POle-ME produced had an iodine number of 60.42, similar (slightly greater) to the palm olein A 

feedstock value of 59.785 (Table 1). This indicates that the transesterification process did not 

significantly affect the unsaturation or the number of double bonds in the hydrocarbon chain. 

Table 4. POle-ME characteristics of palm olein A 

Characteristics Value 

Iodine number 60.42 ± 0.16 

Acid number 1.395 ± 0.015 

Viscosity (mPa·s) 7.16 ± 0.29 

 

Table 4 presents the acid number of the synthesized POle-ME, 1.395, which was slightly 

higher than that of the palm olein A feedstock (1.280) (Table 1). This increase in the acid number 

is expected to be due to the oil's hydrolysis reaction. Water and the heat of the transesterification 

process (60°C) accelerate this reaction, and the longer it lasts, the more free fatty acid content is 

formed [22,34]. 

Table 4 further shows the viscosity value of the synthesized POle-ME, 7.16 ± 0.29 mPa·s, 

which was lower than that of the pre-transesterification palm olein A feedstock (57.3 ± 0.346 

mPa·s), in line with previous findings [35]. Acid and alcohol molecules react to form ester 

molecules, which tend to have shorter and straighter carbon chains than the original acid and 

alcohol. As a result, oils containing esters tend to flow more easily and have lower viscosity. Fig. 

2 and Table 5 show that the fatty acid composition of POle-ME mostly consists of methyl oleate 

(oleic acid) at 49.13%. At 20°C, methyl oleate has a viscosity of 6.83 mPa·s [36], which is almost 

the same as the viscosity of POle-ME produced in this study. POle-ME, which has a low viscosity 

(dilute), is expected to produce epoxy oil (plasticizer) with a low viscosity as well, allowing for 

good performance when used in synthetic leather compounding in the future. 

As shown in Fig. 2, which presents the GC chromatogram of fatty acids in POle-ME, the 

produced POle-ME contained eight types of fatty acids. Several prominent peaks can be observed, 

representing various fatty acid methyl esters formed after the transesterification of palm olein. The 

most intense peak corresponded to palmitic acid (C16:0) at a retention time of 7.984 min, 

indicating that palmitic acid remained the dominant saturated fatty acid component in POle-ME. 

The other major components were oleic acid (C18:1) and linoleic acid (C18:2), appearing at 

retention times of 11.059 min and 12.722 min, respectively. These unsaturated fatty acids are 
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important for maintaining the desired fluidity and reactivity of the ester product. Additionally, 

smaller peaks indicate the presence of lauric acid (C12:0) at 4.279 min, myristic acid (C14:0) at 

5.281 min, palmitoleic acid (C16:1) at 6.322 min, stearic acid (C18:0) at 11.011 min, and arachidic 

acid (C20:0) at 15.978 min. 

 
Fig. 2. Chromatogram of fatty acids in POle-ME 

Details of the composition of POle-ME are provided in Table 5, similar to the chromatogram 

depicted in Fig. 2. The three most abundant fatty acids contained in POle-ME were oleic acid 

(49.13%), palmitic acid (35.82%), and linoleic acid (9.58%). Before transesterification, the oleic 

acid content of POle-ME was slightly higher than that of palm olein A (47.28%), while the linoleic 

acid content was lower than that of palm olein A (12.10%) (Table 1). These findings are consistent 

with previous studies reporting that palm olein methyl esters typically contain high levels of oleic 

and palmitic acids, with moderate amounts of linoleic acid [37]. 

Table 5.  Composition of fatty acids in Pole-ME 

Fatty Acids Composition 

(%) Group Name Symbol 

Saturated fatty acids Lauric Acid C12:0 0.25 ± 0.04 

 Myristic Acid C14:0 1.01 ± 0.08 

 Palmitic Acid C16:0 35.82 ± 0.18 

 Arachidic Acid C20:0 0.29 ± 0.05 

 Stearic Acid C18:0 3.76 ± 0.18 

Monounsaturated fatty acids Palmitoleic Acid C16:1 0.16 ± 0.04 

 Oleic Acid (Omega 9) C18:1 49.13 ± 0.34 

Polyunsaturated fatty acids Linoleic Acid (Omega 6) C18:2 9.58 ± 0.08 

 Linolenic Acid (Omega 3) C18:3 Not detected 

 

3.5. Functional Groups of Palm Olein A and POle-ME 

The FTIR spectra's characteristic peaks were classified into four regions. The functional 
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groups in the first region, with peaks ranging from 4000 cm-1 to 2500 cm-1, represent O–H, C–H, 

and N–H single bonds. The peaks from 2500 cm-1 to 2000 cm-1 represent the second region, 

showing triple bonds, while the peaks from 2000 cm-1 to 1500 cm-1 represent the third region, 

showing C=O, C=N, and C=C double bonds. The functional groups in the fourth region, with 

peaks from 1500 cm-1 to 400 cm-1, represent single bonds [38]. Fig. 3 shows that the IR spectra of 

palm olein A and POle-ME do not contain peaks in the second region. The identified functional 

groups in palm olein A and POle-ME are tabulated in Table 6. 

 
Fig. 3. FTIR spectra of palm olein A and POle-ME 

 

Table 6.  Functional group identification parameters of palm olein A and POle-ME 

Wavenumbers Functional groups References 

3012 C–H axial deformation [35] 

2922 Asymmetric stretching of alkane =C–H [34] 

2853 Asymmetric stretching of methylene =C–H [34] 

1742 C=O ester bond stretching [36] 

1462 CH2 cutout [35] 

1436 CH3 asymmetric deformation [35] 

1381 Symmetric bending of H–C–H [35] 

1236 Asymmetric stretching of C–O–C [35] 

1159 Stretching of C–O [34] 

722 (CH2)n rocking and CH vibration [35] 

 

Fig. 3 and Table 6 show that the FTIR spectra of palm olein A and POle-ME are similar at 

most of the peaks (3012 cm-1, 2922 cm-1, 2853 cm-1, 1742 cm-1, 1462 cm-1, 1381 cm-1, 1236 cm-1, 
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1159 cm-1, and 722 cm-1). This suggests that palm olein A and POle-ME were made up of similar 

functional groups. The band at 3012 cm-1 was caused by the axial deformation of C–H in the 

olefinic double bond. The bands at 2922 cm-1 and 2853 cm-1 were caused by the asymmetric 

stretching vibrations of aliphatic C–H in the CH2 and terminal CH3 groups. The bands between 

1400 and 1200 cm-1 were mostly made up of bending vibrations of aliphatic CH2 and CH3 groups. 

H–C–H bending at 1381 cm-1 and CH2 scission at 1462 cm-1 were examples of these. The band at 

1236 cm-1 represents C–O–C asymmetric stretching vibrations, and the band at 1159 cm-1 

expresses C–O stretching vibrations. Some cis-disubstituted olefins have vibrations that are 

rocking (CH2)n and vibrations that are out of plane (CH wag). This is shown by the band at 722 

cm-1. The strong single peak at 1742 cm-1 represents C=O stretching vibrations. 

It is important to acknowledge that the distinctive band at 1436 cm-1, which expresses the 

asymmetric deformation of the CH3 group, was detected only in POle-ME but not in palm olein 

A. This 1436 cm-1 peak can be used to validate the presence of methyl esters, as stated in a previous 

study [39]. 

4. Conclusion 

This study demonstrated the successful transesterification of palm olein using both NaOH 

and KOH as base catalysts. The highest yield of methyl esters (94.99%) was achieved using KOH 

at a molar ratio of 1:6, indicating superior catalytic efficiency compared to NaOH. The resulting 

POle-ME showed a functional group of methyl esters at 1436 cm-1. POle-ME's fatty acid 

composition mostly consisted oleic unsaturated fatty acid (C18:1) (49.13%). Additionally, POle-

ME exhibited characteristics such as an iodine number of 60.42, an acid number of 1.395, and a 

viscosity of 7.16 mPa·s. The physicochemical properties of POle-ME suggest its potential as a 

plasticizer. However, further studies on its compatibility with polymer matrices and its 

performance in real applications are needed. 
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PVC  Polyvinyl Chloride 

Data availability statement 

Data will be made available on request. 

 



Utami et al. Journal of Applied Agricultural Science and Technology Vol. 9 No. 3 (2025): 319-331 

 

 329 

CRediT authorship contribution statement 

Ratri Retno Utami: Data curation, Conceptualization, Investigation, Formal analysis, 

Methodology, Project administration, Resources, Supervision, Validation, Writing – review and 

editing. Andri Saputra: Data curation, Investigation, Methodology, Resources, Validation, 

Visualization, Writing – original draft. Pani Satwikanitya: Data curation, Investigation, 

Methodology, Project administration. Muh. Wahyu Sya’bani: Conceptualization, Data curation, 

Investigation, Methodology, Supervision, Validation, Writing – review and editing. Warmiati: 

Data curation, Formal analysis, Investigation. Luthfi Auliya Indahwati: Data curation. Danuraja 

Ilmannafia: Data curation. 

Declaration of Competing Interest 

The authors assert that they own no identifiable conflicting financial interests or personal 

ties that may have seemingly influenced the work presented in this study. 

Acknowledgement 

The writers express the gratitude to BPDPKS. for funding this research based on SK Direktur 

Utama BPDPKS No. KEP-295/DPKS/2023. 

 

References 

[1] Redaksi InfoSAWIT. Tahun 2022 komposisi ekspor minyak sawit didominasi produk hilir 

hingga 73 persen; 2023. https://www.infosawit.com/2023/08/15/tahun-2022-komposisi-

ekspor-miyak-sawit-didominasi-produk-hilir-hingga-73-persen/#google_vignette. 

[2] Lim K, Ching Y, Gan S. Effect of palm oil bio-based plasticizer on the morphological, 

thermal and mechanical properties of poly(vinyl chloride). Polymers 2015;7:2031-2043. 

https://doi.org/10.3390/polym7101498. 

[3] Jalil MJ, Rani NRA, Yamin AFM, Anuar NRA, Azmi IS, Hadi. Epoxidation reaction 

parameter of palm olein for synthesis of dihydrostearic acid (DHSA) via hydrolysis reaction. 

IOP Conf Ser Mater Sci Eng 2019;551:012001. https://doi.org/10.1088/1757-

899X/551/1/012001. 

[4] Ramli SA, Othman N, Bakar AA, Hassan A. Plasticizing effects of epoxidized palm oil on 

mechanical and thermal properties of poly(3-hydroxybutyrate-co-

hydroxyvalerate)/poly(caprolactone) blends. Chem Eng Trans 2021;83:559-564. 

https://doi.org/10.3303/CET2183094. 

[5] Harrison JS, Ounaies Z. Introduction Types of Plasticizers. Encycl Polym Sci Technol 

2002;3:518.  

[6] Chen H, Mao W, Shen Y, Feng W, Mao G, Zhao T, et al. Distribution, source, and 

environmental risk assessment of phthalate esters  (PAEs) in water, suspended particulate 

matter, and sediment of a typical Yangtze River Delta City, China. Environ Sci Pollut Res 

Int 2019;26:24609-24619. https://doi.org/10.1007/s11356-019-05259-y. 

[7] Das MT, Kumar SS, Ghosh P, Shah G, Malyan SK, Bajar S, et al. Remediation strategies 

for mitigation of phthalate pollution: Challenges and future perspectives. J Hazard Mater 

2021;409:124496. https://doi.org/10.1016/j.jhazmat.2020.124496. 

[8] SMART. Proses penyulingan minyak kelapa sawit, https://www.smart-tbk.com/proses-

penyulingan-minyak-kelapa-sawit/; 2017 [accessed 16 May 2024]. 

https://www.infosawit.com/2023/08/15/tahun-2022-komposisi-ekspor-miyak-sawit-didominasi-produk-hilir-hingga-73-persen/%23google_vignette.
https://www.infosawit.com/2023/08/15/tahun-2022-komposisi-ekspor-miyak-sawit-didominasi-produk-hilir-hingga-73-persen/%23google_vignette.
https://doi.org/10.3390/polym7101498
https://doi.org/10.1088/1757-899X/551/1/012001
https://doi.org/10.1088/1757-899X/551/1/012001
https://doi.org/10.3303/CET2183094
https://doi.org/10.1007/s11356-019-05259-y
https://doi.org/10.1016/j.jhazmat.2020.124496


Utami et al. Journal of Applied Agricultural Science and Technology Vol. 9 No. 3 (2025): 319-331 

 

 330 

[9] Triwulandari E, Haryono A. Synthesis of isobutyl oleate from palm oil as the plasticizer 

substitute of DOP on PVC resin. In: Proceeding of International Conference Polymer 

Science 2007:6-12.  

[10] Waskitoaji W, Triwulandari E, Haryono A. Synthesis of plasticizers derived from palm oil 

and their application in polyvinyl chloride. Procedia Chem 2012;4:313-321. 

https://doi.org/10.1016/j.proche.2012.06.044. 

[11] Afrillia D. Bioplasticizer inovasi kemasan ramah lingkungan dari minyak sawit; 2022. 

https://www.goodnewsfromindonesia.id/2022/01/05/bioplasticizer-inovasi-kemasanramah-

lingkungan-dari-minyak-sawit. 

[12] Syahir AZ, Zulkifli NWM, Masjuki HH, Kalam MA, Alabdulkarem A, Gulzar M, et al. A 

review on bio-based lubricants and their applications. J Clean Prod 2017;168:997-1016. 

https://doi.org/10.1016/j.jclepro.2017.09.106. 

[13] Malvade AV, Satpute ST. Production of palm fatty acid distillate biodiesel and effects of its 

blends on performance of single cylinder diesel engine. Procedia Eng 2013;64:1485-1494. 

https://doi.org/10.1016/j.proeng.2013.09.230. 

[14] Budiman A, Lelyana A, Rianawati D, Sutijan S. Biodiesel production from Palm Fatty Acid 

Distillate (PFAD) using reactive distillation. J Tek Kim Indones 2018;11:108. 

https://doi.org/10.5614/jtki.2012.11.2.7. 

[15] Sangar SK, Lan CS, Razali SM, Farabi MSA, Taufiq-Yap YH. Methyl ester production from 

palm fatty acid distillate (PFAD) using sulfonated cow dung-derived carbon-based solid acid 

catalyst. Energy Convers Manag 2019;196:1306-1315. 

https://doi.org/10.1016/j.enconman.2019.06.073. 

[16] Rahim AMEN, Prihatiningtyas I. Pengaruh katalis asam dan basa terhadap biodisel yang 

dihasilkan pada proses trans(esterifikasi) in situ biji karet (Havea brasiliensis). In: ReTII. 

2017:718-722.  

[17] Prabhahar RSS, Benitha VS, Nagarajan J. Imporoved yield of palm oil biodiesel through 

nano catalytic transesterification. Material Today: Proceedings 2021;46:8433-8437. 

https://doi.org/10.1016/j.matpr.2021.03.473. 

[18] Ramírez J, Buestán L, López-Maldonado EA, Pinos-Vélez V. Preparation and 

physicochemical characterization of biodiesel from recycled vegetable oil in Cuenca, 

Ecuador by transesterification catalyzed by KOH and NaOH. Eng 2023;4:954-963; 

https://doi.org/10.3390/eng4010056. 

[19] Rastini EK, Jimmy. Karakterisasi kualitas biodiesel hasil transesterifikasi minyak kelapa 

sawit dengan katalis homogen KOH dan NaOH. Reka Buana: Jurnal Ilmiah Teknik Sipil dan 

Teknik Kimia 2022;7:213-223. https://doi.org/10.33366/rekabuana.v7i2.4476. 

[20] Jimmy, Setyawan, EY, Rastini, EK. Transesterifikasi minyak kelapa sawit berkatalis basa  

pada temperatur kamar: Pengaruh waktu pengadukan dan waktu reaksi. Reka Buana: Jurnal 

Ilmiah Teknik Sipil dan Teknik Kimia 2022;7:67-73. 

https://doi.org/10.33366/rekabuana.v7i1.3211. 

[21] Daryono E, Mustiadi L. One-phase transesterification of palm oil in to biodiesel with co-

solvent methyl esters: The effect of adding co-solvent to kinetic energy and dipole moment. 

Reaktor 2022;22:7-13. https://doi.org/10.14710/reaktor.22.1.7-13. 

[22] Hasrini RF, Wardayanie NIA. Perbandingan karakteristik fisikokimia antara cocoa butter 

alternative (CBA) dengan lemak kakao untuk pengembangan standar nasional indonesia. J 

Stand 2020;22:189. http://dx.doi.org/10.31153/js.v22i3.838. 

[23] Mesak NS, Presson J, Kolo SMD. Sintesis metil ester dari minyak biji feun kase (Thevetia 

peruviana) menggunakan katalis NaOH 1% dengan variasi suhu. J Chem Sci Appl 

2023;1:21-28.  

[24] Gesteiro E, Guijarro L, Sánchez-Muniz FJ, Vidal-Carou MDC, Troncoso A, Venanci L, et 

al. Palm oil on the edge. Nutrients 2019;11:2008. https://doi.org/10.3390/nu11092008 

https://doi.org/10.1016/j.proche.2012.06.044
https://doi.org/10.1016/j.jclepro.2017.09.106
https://doi.org/10.5614/jtki.2012.11.2.7
https://doi.org/10.1016/j.enconman.2019.06.073
https://doi.org/10.14710/reaktor.22.1.7-13
http://dx.doi.org/10.31153/js.v22i3.838
https://doi.org/10.3390/nu11092008


Utami et al. Journal of Applied Agricultural Science and Technology Vol. 9 No. 3 (2025): 319-331 

 

 331 

[25] Hariyadi P. Food safety & nutrition issues: challenges and opportunities for Indonesian palm 

oil. IOP Conf Ser Earth Environ Sci 2020;418:012003. https://doi.org/10.1088/1755-

1315/418/1/012003. 

[26] Rahman H, Sitompul JP, Tjokrodiningrat S. The composition of fatty acids in several 

vegetable oils from Indonesia. Biodiversitas J Biol Divers 2022;23:2167-2176. 

https://doi.org/10.13057/biodiv/d230452. 

[27] Arita S, Dara MB, Irawan J. Pembuatan metil ester asam lemak dari CPO off grade dengan 

metode esterifikasi-transesterifikasi. J Tek Kim 2008;15:34-43.  

[28] González-Benjumea A, Marques G, Herold-Majumdar OM, Kiebist J, Scheibner K, del Rio 

JC, et al. High epoxidation yields of vegetable oil hydrolyzates and methyl esters by selected 

Fungal Peroxygenases. Frontiers in Bioengineering and Biotechnology 2021;8:605854. 

https://doi.org/10.3389/fbioe.2020.605854. 

[29] Fereidooni L, Tahvildari K, Mehrpooya M. Trans-esterification of waste cooking oil with 

methanol by electrolysis process using KOH. Renew Energy 2018;116:183-193. 

https://doi.org/10.1016/j.renene.2017.08.067. 

[30] Hadiyanto H, Aini AP, Widayat W, Kusmiyati K, Budiman A, Roesyadi A. Multi-

Feedstocks biodiesel production from esterification of calophyllum inophyllum oil, castor 

oil, palm oil and waste cooking oil. Int J Renew Energy Dev 2020;9:119-123. 

https://doi.org/10.14710/ijred.9.1.119-123. 

[31] Baqi F, Putri RSI, Mirzayanti YW. Proses pembuatan biodiesel dari mikroalga 

Nannochloropsis sp. menggunakan metode transesterifikasi in-situ dengan katalis KOH. 

Equilib J Chem Eng 2022;6:92. https://doi.org/10.20961/equilibrium.v6i2.63257. 

[32] Parlak A, Karabas H, Ayhan V, Yasar H, Soyhan HS, Ozsert I. Comparison of the variables 

affecting the yield of tobacco seed oil methyl ester for KOH and NaOH catalysts. Energy 

Fuels 2009;23:1818-1824. https://doi.org/10.1021/ef800371g. 

[33] Daulay NK. Penentuan kadar air, kadar kotoran, dan kadar asam lemak bebas (ALB) dari 

inti sawit produksi PTPN IV Medan [Dissertation]. [Medan]: Universitas Sumatera Utara; 

2018.  

[34] Ayetor GK, Sunnu A, Parbey J. Effect of biodiesel production parameters on viscosity and 

yield of methyl esters: Jatropha curcas, Elaeis guineensis and Cocos nucifera. Alex Eng J 

2015;54:1285-1290. https://doi.org/10.1016/j.aej.2015.09.011. 

[35] Wedler C, Trusler JPM. Review of density and viscosity data of pure fatty acid methyl ester, 

ethyl ester and butyl ester. Fuel 2023;339:127466. 

https://doi.org/10.1016/j.fuel.2023.127466. 

[36] Awogbemi O, Onuh EI, Komolafe CA. Thermal degradation and spectroscopic study of neat 

palm oil, waste palm oil, and waste palm oil methyl ester. IOP Conf Ser Earth Environ Sci 

2019;331:012032. https://doi.org/10.1088/1755-1315/331/1/012032. 

[37] Esipovich AL, Kanakov EA, Charykova TA, Otopkova KV, Smirnov MA, Mityukova YA, 

Belousov AS. A comprehensive study on physicochemical properties of fatty acid esters 

derived from different vegetable oils and alcohols and their potential application. Energies 

2024;17:6407. https://doi.org/10.3390/en17246407. 

[38] Niu S, Zhou Y, Yu H, Lu C, Han K. Investigation on thermal degradation properties of oleic 

acid and its methyl and ethyl esters through TG-FTIR. Energy Convers Manag 

2017;149:495-504. https://doi.org/10.1016/j.enconman.2017.07.053. 

[39] Matwijczuk A, Zając G, Karcz D, Chruściel E, Matwijczuk A, Kachel-Jakubowska M, et al. 

Spectroscopic studies of the quality of WCO (Waste Cooking Oil) fatty acid methyl esters. 

Szeląg-Sikora A, editor. BIO Web Conf 2018;10:02019. 

https://doi.org/10.1051/bioconf/20181002019. 

 

 

https://doi.org/10.1088/1755-1315/418/1/012003
https://doi.org/10.1088/1755-1315/418/1/012003
https://doi.org/10.13057/biodiv/d230452
https://doi.org/10.3389/fbioe.2020.605854
https://doi.org/10.1016/j.renene.2017.08.067
https://doi.org/10.14710/ijred.9.1.119-123
https://doi.org/10.20961/equilibrium.v6i2.63257
https://doi.org/10.1021/ef800371g
https://doi.org/10.1016/j.aej.2015.09.011
https://doi.org/10.1016/j.fuel.2023.127466
https://doi.org/10.1088/1755-1315/331/1/012032
https://doi.org/10.3390/en17246407
https://doi.org/10.1016/j.enconman.2017.07.053
https://doi.org/10.1051/bioconf/20181002019


Utami et al. Journal of Applied Agricultural Science and Technology Vol. 9 No. 3 (2025): 319-331 

 

 332 

 


	1. Introduction
	2. Materials and Methods
	2.1. Materials and Equipment
	2.2. Sample Preparation
	2.3. Palm Olein Transesterification
	2.4. POle-ME Characterization
	2.5. Statistical Analysis

	3. Results and Discussion
	3.
	3.1. Iodine and Acid Numbers of Palm Olein
	3.2. Fatty Acid Composition of Palm Olein
	3.3. Transesterification Yield
	3.4. POle-ME Characteristics
	3.5. Functional Groups of Palm Olein A and POle-ME

	4. Conclusion

