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Abstract. Palm cooking oil is the primary source of vegetable oil widely consumed by the
Indonesian population. The fatty acid profile of palm oil is an important parameter for assessing
its nutritional value, oxidative stability during heating, and potential health implications.
Variations in refining and fractionation processes, as well as differences in raw material sources,
may lead to diversity in the fatty acid composition of commercially available cooking oils. This
study aims to analyze and compare the profiles of saturated, unsaturated, cis—trans, and omega
fatty acids in different commercial palm cooking oil brands. Five palm cooking oil samples
available on the market were analyzed, consisting of four packaged oils (MGI-MG4) and one
bulk oil (MGS35). Fatty acid profiling was conducted using Gas Chromatography—Flame lonization
Detector (GC-FID) following derivatization into Fatty Acid Methyl Esters (FAME) via NaOCHs—
methanol transesterification. Fatty acids were identified and quantified by comparing retention
times and chromatographic peak areas using the normalization method. The results showed that
total saturated fatty acids ranged from 39.96 to 43.76%, dominated by palmitic acid (34.27—
37.65%). Unsaturated fatty acids accounted for 56.18-59.98% of total fatty acids, with oleic acid
(44.50—46.16%) and linoleic acid (11.18—13.14%) as the major components. Omega fatty acids
were predominantly represented by omega-9, followed by omega-6, while omega-3 fatty acids
were detected at very low levels. No trans fatty acids were detected in any of the samples. Overall,
the fatty acid profiles of the analyzed palm cooking oils were consistent with those of commercially
refined palm oil, characterized by oleic acid predominance, a relatively balanced proportion of
saturated and unsaturated fatty acids, and the absence of trans fatty acids. These features support
good oxidative stability and are suitable for consumption.
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1. Introduction

Palm oil is the most widely produced vegetable oil globally, with total output reaching 77.56
million tons in the 2022/2023 marketing year. This volume accounts for approximately 39% of
global vegetable oil production (including palm kernel oil), surpassing soybean oil, which
contributes around 28%. Indonesia, the world’s leading producer, supplies approximately 46.50
million tons, representing nearly 59% of total global production [1]. In Indonesia, palm oil
dominates the cooking oil sector, holding an estimated 90% market share and serving as the
primary frying medium for household consumption. Per capita consumption of palm cooking oil

reached 10.75 kg per year in 2023 [2]. The fatty acid profile is a critical determinant of the
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nutritional quality of palm cooking oil, particularly regarding the balance between saturated and
unsaturated fatty acids. Thermal processing of lipids promotes the formation of lipid oxidation
products, which may pose risks to human health. The levels of these oxidation products rise
markedly as the temperature increases from 100 to 200 °C [3]. The maturity of oil palm fruit affects
oil yield and fatty acid composition. As fruit maturity increases, the proportion of fatty acid
components also increases [4].

Gas chromatography coupled with flame ionization detection (GC-FID) is a widely
employed analytical technique for the qualitative and quantitative determination of fatty acids in
oils. It is a well-established and standardized method for determining fatty acid profiles in palm
oil, typically after conversion to fatty acid methyl esters (FAME). The use of GC—FID and with
Principal Component Analysis (PCA) has been shown to effectively differentiate crude palm oil
(CPO) from mixtures containing used cooking oil, even at low contamination levels ranging from
2-5% [5].

Although numerous studies have examined the quality of palm cooking oil, most previous
literature has focused on general chemical parameters, such as free fatty acid levels, peroxide
value, and acid value, to evaluate deterioration or differences between packaged and bulk oils [6,
7]. However, data comparing the fatty acid profiles of various cooking oil products available on
the commercial market remain limited [8]. Other studies generally focus on thermal stability
during repeated frying or compared physical quality based on plastic and bottle packaging types
[6,8]. Given the variability in quality caused by differences in raw material sources, refining
processes, and the risk of adulteration in bulk oils [9], more precise analytical methods are needed
to verify the consistency of fatty acid composition in cooking oils. This study aims to analyze and
compare the fatty acid profiles of various palm cooking oil products and bulk oils available on the

commercial market using gas chromatography—flame ionization detection (GC—FID).

2. Materials and Methods

2.1.Samples and Chemicals

The materials analyzed in this study comprised five commercially available palm cooking
oil samples, including four packaged brands (MG1, MG2, MG3, and MG4) and one bulk palm
cooking oil sample (MGS5) obtained from the local market. All chemical reagents used were of
analytical grade and included hexane, distilled water (aquadest), methyl tert-butyl ether (MTBE),
a transesterification reagent, and a neutralization solution. The principal analytical instruments
employed in this study were a gas chromatography system equipped with a flame ionization
detector (GC-FID) 2 mL autosampler vials. Additional equipment included an analytical balance

and a centrifuge. All analyses were conducted in duplicate.
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2.2.Preparation of Fatty Acid Methyl Esters (FAME)

Fatty acid methyl esters (FAME) were prepared using the sodium methoxide—methanol
(NaOCHs—methanol) transesterification procedure [10]. Prior to analysis, a single-point working
standard solution was prepared in hexane. Each oil sample was accurately weighed into a 20 mL
screw-cap vial. Distilled water was added only to solid samples, whereas liquid oil samples did
not require water addition. Subsequently, methyl tert-butyl ether (MTBE) and the
transesterification reagent were added. The vial was briefly opened to allow the addition of hexane,
followed by the addition of a neutralization solution. The mixture was then centrifuged to facilitate
phase separation. The resulting organic phase was carefully transferred into a 2 mL vial for
subsequent GC-FID analysis.

FAME analysis was performed using a GC-FID system under the following operating
conditions: injection was performed in split mode, and separation was achieved using a DB
FastFAME capillary column. The oven temperature was programmed with a linear gradient from
50 to 230 °C to ensure optimal resolution of fatty acid methyl esters. Eluted compounds were
analyzed using a flame ionization detector (FID).
2.3.1dentification and Quantification of Fatty Acids

Fatty acids ranging from C4 to C24 were identified by comparing the retention times of
chromatographic peaks obtained from the samples with those of external fatty acid standards
analyzed under identical conditions. Individual fatty acids were quantified using the normalization
method, whereby the sum of all detected peak areas was assumed to represent 100% of the total
fatty acid content in each sample. The proportion of each fatty acid in the injected sample was
calculated using the following Eq. (1):

Injected fatty acid (%) = % x 100% (1)

A; : represents the chromatographic peak area corresponding to fatty acid component i,
Y A; :denotes the total peak area of all detected fatty acid components.

The total contents of saturated and unsaturated fatty acids in each oil sample were
subsequently calculated using the following equation, according to Saraswanti Indo Genetech,
(2023), Eq. (2) [11]:

Fatty acid content (%) = Injected fatty acid (%) X Total fat content (%) 2)

3. Results and Discussion
3.1. Saturated Fatty Acids
Saturated fatty acids (SFA) are long-chain fatty acids that lack double bonds, conferring
distinctive physicochemical properties, such as relatively high melting points and enhanced

oxidative stability in vegetable oils. The overall SFA levels were relatively consistent across
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brands, reflecting standardized processing practices in refined palm oil (refined, bleached, and
deodorized/RBD palm olein), in which total SFA contents typically range from 41-44% [12,13].
Table 1 presents the saturated fatty acid contents of several palm cooking oil samples.

Table 1. Saturated fatty acid composition of five palm cooking oils samples.

No. Fatty Acid Content (%)
MG1 MG2 MG3 MG4 MGS5

Saturated fatty acid total 42.17 41.86 39.96 41.97 43.76
1 C 4:0 (Butyric acid) - - - - -
2 C 6:0 (Caproic acid) - - - - -
3 C 8:0 (Caprylic acid) 0.02 0.01 0.01 0.02 0.02
4 C 10:0 (Capric acid) 0.02 0.02 0.01 0.02 0.02
5 C 11:0 (Undecanoic acid) - - - - -
6 C 12:0 (Lauric acid) 0.20 0.15 0.08 0.18 0.17
7 C 13:0 (Tridecanoic acid) - 0.01 - - -
8 C 14:0 (Myristic acid) 0.90 0.90 0.76 0.87 0.82
9 C 15:0 (Pentadecanoic acid) 0.04 0.04 0.04 0.04 0.04
10 C 16:0 (Palmitic acid) 36.26 36.16 34.27 36.08 37.65
11 C 17:0 (Heptadecanoic acid) 0.08 0.08 0.08 0.08 0.09
12 C 18:0 (Stearic acid) 4.12 3.98 4.19 4.15 4.46
13 C 20:0 (Arachidic acid) 0.37 0.36 0.37 0.38 0.36
14 C 21:0 (Heneicosanoic acid) - - - - -
15 C 22:0 (Behenic acid) 0.07 0.06 0.07 0.07 0.06
16 C 23:0 (Tricosanoic acid) 0.01 - - - -
17 C 24:0 (Lignoceric acid) 0.08 0.09 0.08 0.08 0.07

Table 1 summarizes the saturated fatty acid composition of five palm cooking oil brands,
with total SFA contents ranging from 39.96 to 43.76%. Saturated fatty acids were predominantly
represented by palmitic acid (C16:0), followed by stearic acid (C18:0), myristic acid (C14:0), and
lauric acid (C12:0).

According to previous studies, the total SFA levels observed in this study are comparable to
those reported for commercial palm oil samples, with palmitic acid contents of approximately 36—
37% in MG1, MG2, and MG4. In contrast, the lowest SFA content was observed in sample MG3
(approximately 34%), while the highest was recorded in MG5 (approximately 37.65%). Palmitic
acid (C16:0) dominated the SFA composition in all samples, with concentrations ranging from
34.27 to 37.65% and accounting for more than 85% of the total SFA. These values are slightly
lower than those typically reported for crude palm oil (CPO), which generally contains 42-47%
palmitic acid, but are consistent with refined palm olein, in which removal of the solid fraction
(palm stearin) reduces palmitic acid levels to approximately 38—43% [13,14,15]. Palm oil contains
approximately 45% palmitic acid and 39% oleic acid [16].

The average stearic acid content across the five samples was approximately 4%. This fatty
acid composition aligns with that of refined palm oil, which typically contains 40-50% saturated
fatty acids, primarily palmitic acid (38-44%), stearic acid (3.7-5%), myristic acid (0.9-1.2%), and

lauric acid (0.1-0.4%), along with relatively low levels of caprylic, capric, arachidic, behenic, and
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lignoceric acids [17-20].

Variations in the SFA profiles among the five samples may be attributed to differences in
refining processes, fresh fruit bunch (FFB) varieties, or fruit maturity levels. Palmitic acid content
in crude palm oil typically ranges from 42 to 47% and may slightly decrease following refining,
reaching approximately 36—41% [12,16,19]. The contents of short-chain saturated fatty acids, such
as C8:0—C10:0, were relatively low (0.01-0.02%) across all samples, closely resembling the fatty
acid profile of palm mesocarp oil rather than that of palm kernel oil [20,21].

Several other studies have also reported that palm oil contains approximately 45.7% palmitic
acid [22] and that this fatty acid may account for up to 50% of total saturated fatty acids [18]. In
refined palm oil, palmitic acid has been consistently identified as the predominant constituent [23].
Furthermore, some references indicate that the consensus value for palmitic acid (C16:0) in palm
oil is approximately 43.39% + 0.39% [24].

The C16:0/C18:0 ratio observed in samples MG1-MG5 (8.18-9.09) indicates that, despite
variations arising with differences in industrial fractionation intensity, all five samples maintain a
chemical profile consistent with refined palm cooking oil standards. Furthermore, the absence of
significant deviation in this ratio indicates no evidence of adulteration with used cooking oil or
other vegetable oils.

Table 2. Unsaturated fatty acid composition of several palm cooking oil samples.

No. Fatty Acid Content (%)

MGl MG2 MG3 MG4 MGS5
1. Unsaturated Fatty Acid total 57777 5807 5998 5797 56.18
2. Mono-Unsaturated Fatty Acid Total 46.10 4598 46.50 4594 4481

C 14:1 (Myristoleic acid) - - - - -
C 15:1 (Pentadecenoic acid) - - - - -
C 16:1 (Palmitoleic acid) 0.20 0.22 0.16 0.17  0.15

C 17:1 (Heptadecenoic acid) 0.03 0.03 0.03 0.03  0.03
C 18:1 Q 9C (cis-Oleic acid) 4572 4558 46.16 4559 44.50
C 18:1 Q 9T (trans-Oleic acid) - - - - -

C 20:1 (Eicosenoic acid) 0.15 0.15 0.15 0.15  0.13
C 22:1 (Erucic acid) - - - - -

C 24:1 Q 9 (Nervonic acid) 0.01 - - - -

3. Poly-Unsaturated Fatty Acid Total 11.67 12.08 13.49 12.03 11.37

C 18:2 Q 6C (cis-Linoleic acid) 11.47 1191 13.14 11.84 11.18
C 18:2 Q 6T (trans-Linoleic acid) - - - - -
C 18:3 Q 3 (a-Linolenic acid, ALA) 0.14 0.12 0.21 0.16  0.15
C 18:3 Q 6 (y-Linolenic acid, GLA) 0.04 0.04 0.12 0.03  0.03
C 20:2 (Eicosadienoic acid) 0.01 0.01 0.01 0.01 0.01
C 20:3 Q 3 (FEicosatrienoic acid / Q 3) 0.01 - 0.01 - -

C 20:3 Q 6 (Eicosatrienoic acid / Q 6) - - - - -
C 20:4 Q 6 (Arachidonic acid) - - - - -
C 20:5 Q 3 (Eicosapentaenoic acid, EPA) - - - - -
C 22:2 (Docosadienoic acid) - - - - -
C 22:6 Q 3 (Docosahexaenoic acid, DHA) - - - - -
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3.2. Unsaturated Fatty Acids

Unsaturated fatty acids contain one or more double bonds and are classified as
monounsaturated fatty acids, which possess a single double bond, such as oleic acid, and
polyunsaturated fatty acids, which contain two or more double bonds, such as linoleic and linolenic
acids [18,25,26]. The unsaturated fatty acid contents of several palm cooking oil samples are
presented in Table 2.

Table 2 shows that the total unsaturated fatty acid (UFA) content ranged from 56.18 to
59.98%. The dominant MUFA was C18:1 ®9 cis (oleic acid), followed by C16:1 (palmitoleic
acid), C20:1 (eicosenoic acid), C17:1 (heptadecenoic acid), and C24:1 ®9 (nervonic acid). Within
the PUFA fraction, C18:2 w6 cis (linoleic acid) was the predominant component, followed by
C18:3 ®3 (linolenic acid), C18:3 w6, C20:2 (eicosadienoic acid) and C20:3. The chromatograms
of each analyzed sample are presented in Fig. 1-5 to provide a comprehensive visualization of the
fatty acid profiles obtained by GC—FID. This enables direct comparison of peak distributions and
relative compositions among different palm cooking oil samples. The unsaturated Fatty Acid
composition observed in this study (Table 2) agrees with previous studies of refined palm oil,
which typically contains 40-45% MUFA (predominantly oleic acid at 39—45%) and 10-13%
PUFA (mainly linoleic acid) [12,16,18,19,25].
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Fig.1. GC—FID chromatograms of MG1 of fatty acid methyl esters (FAMEs) with major peaks
identified, including palmitic acid (C16:0), oleic acid (C18:1), and linoleic acid (C18:2).

MG3 exhibited the highest UFA content and MUFA level, predominantly contributed by

oleic acid, and tended to highest PUFA content, primarily derived from linoleic acid. In contrast,
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MGS5 tended to have the lowest values for all three parameters. These variations may be attributed
to differences in refining processes and palm fruit sources, as palmitoleic acid levels in commercial
palm olein have been reported to range from 0.097 to 0.318%, with oleic acid typically around 44—
45%, consistent with the observed C16:1 and C20:1 contents in the present samples [12,19]. The
absence of trans fatty acids and long-chain PUFA (such as EPA and DHA) in all samples further
indicates the stability of the palm oil refining process [12,27].
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Fig.2. GC-FID chromatograms of MG2 of fatty acid methyl esters (FAMEs) with major peaks
identified, including palmitic acid (C16:0), oleic acid (C18:1), and linoleic acid (C18:2).

Response mV)
a 24

T " '
3 e R i e -
€ RE fueme NN N

o
(UL L T
1 1,

Ll

£0 o
‘H ‘H \H‘
0 180 190 20 210 22

Note: This image uses a comma as the decimal separator.

Fig. 3. GC-FID chromatograms of MG3 of fatty acid methyl esters (FAMEs) with major peaks
identified, including palmitic acid (C16:0), oleic acid (C18:1), and linoleic acid (C18:2).
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identified, including palmitic acid (C16:0), oleic acid (C18:1), and linoleic acid (C18:2).
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Fig. 5. GC-FID chromatograms of MG5 of fatty acid methyl esters (FAMEs) with major peaks
identified, including palmitic acid (C16:0), oleic acid (C18:1), and linoleic acid (C18:2).

Overall, all five samples exhibited high oleic acid contents, which contribute to oxidative

stability of commercial palm cooking oils, along with moderate PUFA levels that support essential
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nutritional functions despite their higher susceptibility to oxidation. This profile aligns with the
characteristic fatty acid composition of palm oil [12,16,18,25].
3.3.0mega Fatty Acids

Omega fatty acids are classified based on the position of the first double bond from the
methyl terminus (terminal methyl, ® or n—) of the hydrocarbon chain. Omega-3 (n—3) fatty acids
have their first double bond at the third carbon, omega-6 (n—6) at the sixth carbon, and omega-9
(n—9) at the ninth carbon from the methyl end [28,29,30,31]. These groups belong to the
unsaturated fatty acids (UFA), with omega-3 and omega-6 classified as polyunsaturated fatty
acids, and omega-9 classified as monounsaturated fatty acids, such as oleic acid (C18:1 n—9) [28,
31,32,33]. Table 3 presents the contents of omega-3, omega-6, and omega-9 fatty acids in the five
palm cooking oil samples.

Table 3. Omega-3, omega-6, and omega-9 fatty acid content of five palm cooking oil brands.

No. Fatty Acid Content (%)
MGl MG2 MG3 MG4 MGS
1. Omega-3 Fatty Acids total 0.15 0.12 021 0.16 0.15
C 18:3 Q 3 (a-Linolenic acid/ Q 3) 0.14 0.12 021 0.16 0.15
C 20:3 Q 3 (Eicosatrienoic acid/ Q 3) 0.01 - 0.01 - -

C 20:5 Q 3 (Eicosapentaenoic acid, EPA) - - - - -
C 22:6 Q 3 (Docosahexaenoic acid, DHA) - - - - -
2. Omega-6 Fatty Acids total 11.51 11.95 13.27 11.87 11.21

C 18:2 Q 6 (Linoleic acid / Q 6) 1147 1191 13.14 11.84 11.18
C 18:3 Q 6 (y-Linolenic acid/ Q 6) 0.04 004 0.12 0.03 0.03

C 20:3 Q 6 (Eicosatrienoic acid/ Q 6) - - - - -
C 20:4 Q 6 (Arachidonic acid) - - - - -
3. Omega-9 Fatty Acids total 4573 4558 46.16 4559 44.50

C 18:1 Q 9C (cis-Oleic acid) 45.72 4558 46.16 4559 44.50
C 24:1 Q 9 (Nervonic acid) 0.01 - - - -

Table 3 presents the omega fatty acid profiles of five palm cooking oil brands (MG1-MG5)
analyzed using GC-FID, showing relatively low total omega-3 fatty acid contents ranging from
0.12 to 0.21%. Omega-3 fatty acids were primarily represented by C18:3 (linolenic acid) and
C20:3. Total omega-6 fatty acid contents were substantially higher, ranging from 11.21 to 13.27%,
predominantly contributed by C18:2 (linoleic acid), followed by C18:3 (y-linolenic acid). Overall,
the PUFA contents of these palm cooking oil samples align with previous reports [ 18, 34|, which
indicate PUFA levels of approximately 10—12% in palm oil.

Total omega-9 fatty acid contents ranged from 44.50 to 46.16%, almost entirely derived from
C18:1 (oleic acid), with a minor contribution from C24:1 (nervonic acid). These findings align
with those reported [ 16,18,34], which showed omega-9 contents of 44.78-46.54% in palm cooking
oil. Commercial palm oil typically contains 37-45% oleic acid, which constitutes the major MUFA
component contributing to oxidative stability.

Inter-brand variations were relatively small (Table 3), with MG3 exhibiting the highest total
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omega-3 and omega-6 contents, while MGS5 showed the lowest omega-9 level. These differences
may be attributed to variations in refining processes and fresh fruit bunch sources. According to
Sujadi et al. [34], crude palm oil typically contains approximately 37-38% oleic acid and 9.9—
10.9% linoleic acid.

Overall, the observed profile closely resembles that of palm oil, characterized by low omega-
3, moderate omega-6, and high omega-9 contents. This profile supports the oxidative stability of
palm cooking oil despite a relatively high omega-6: omega-3 ratio [18,35]. These findings align
with the standards for commercial palm oil in Indonesia and Southeast Asia [16].
3.4.Cis-trans Fatty Acids

Cis—trans fatty acids are geometric isomers of unsaturated fatty acids. In the cis
configuration, the double bond introduces a bend in the carbon chain, whereas the trans
configuration adopts a more linear structure and is typically formed during high-temperature
processing, such as deodorization (temperatures >240 °C) and frying. Table 4 presents the cis and
trans fatty acid contents of the five palm cooking oil samples.

Table 4. Cis and trans fatty acids content of five palm cooking oil brands.

No. Fatty acid Content (%)
MG1 MG2 MG3 MG4 MGS5
1. C 18:1 Q 9C (cis-Oleic acid) 45.72 45.58 46.16 45.59 44.50
C 18:1 Q 9T (trans- Oleic acid) - - - - -
2. C 18:2 Q 6C (cis-Linoleic acid) 11.47 11.91 13.14 11.84 11.18

C 18:2 Q 6T (trans-Linoleic acid) - - - - -

Table 4 presents the profiles of the major cis and trans fatty acid isomers in five palm cooking
oil brands (MG1-MGS5) analyzed using GC-FID. The content of C18:1 ®9 cis (cis-oleic acid)
ranged from 44.50 to 46.16%, with the MG3 showing the highest value and MG5 the lowest.
Similarly, C18:2 w6 cis (cis-linoleic acid) was present at levels of 11.18-13.14%, with MG3
showing the highest content and MGS5 the lowest.

The observed cis-oleic and cis-linoleic acid contents are comparable to those reported for
commercially refined palm oil, in which cis-oleic acid typically accounts for 39—45% and cis-
linoleic acid for 10-11%, with the unsaturated fatty acid fraction predominantly composed of cis
isomers and minimal or no trans isomers [14,16,18]. The absence of trans fatty acids in these
samples indicates that substantial trans isomerization did not occur during processing and is
consistent with the absence of partial hydrogenation.

MG3 exhibited the highest cis isomer contents (C18:1 cis and C18:2 cis), followed by MG2
(45.58% and 11.91%), while MGS5 showed the lowest levels. Inter-brand variation was less than
2%, which may be attributed to differences in fractionation processes or processing conditions.
Overall, the inter-brand variability was relatively homogeneous, with MG3 consistently exhibiting

the highest cis-oleic and cis-linoleic acid contents, reflecting standardized industrial processing
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without significant cis—trans isomerization [ 14]. The absence of trans fats further indicates the high
quality of these commercial products, in contrast to partially hydrogenated oils, which may contain
2-30% trans fatty acids in waste oil or palm fatty acid distillate (PFAD) as a result of extreme

thermal exposure [36,37].

4. Conclusions

The analysis of fatty acid profiles of five palm cooking oil samples using GC-FID revealed
that all samples exhibited relatively uniform fatty acid compositions consistent with commercially
refined palm oil. Total saturated fatty acids accounted for approximately 39.96-43.76% and were
dominated by palmitic acid, while unsaturated fatty acids consist of oleic acid and linoleic acid as
the major components. Omega fatty acids were predominantly represented by omega-9, followed
by omega-6, whereas omega-3 fatty acids were detected at very low levels. No trans fatty acids
were detected in any of the samples. Overall, these findings confirm that both packaged and bulk
oils available palm cooking oils possess fatty acid profiles that meet industry standards and exhibit

good oxidative stability.
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