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ABSTRACT

Oil palm leaves could yield various health benefits, potentially leading to innovative applications in
natural remedies, supplements, and dietary products. Targeted extraction and sophisticated
analytical methods have become necessary for investigating bioactive compounds in plant materials.
The combination of liquid chromatography and high-resolution mass spectrometry (LC-HRMS)
makes for a potent technique for analyzing a wide range of metabolites, allowing for the precise and
sensitive identification of various plant compounds. This investigation aimed to examine the active
compounds in the ethyl acetate fraction of Elaeis guineensis leaves using LC-HRMS to identify
potential new avenues for drug research. The simplicia was extracted by completely immersing 500
g of granules in acetone for three days. The crude extract was fractionated with n-hexane, ethyl
acetate, and n-butanol solvents to separate components according to their polarity. The ethyl acetate
part was analyzed using LC—HRMS with specific settings, including a temperature of 30°C and a gas
flow rate of 11.01 L/min. The extract yield from dense oil palm leaves was 32.5 g, equivalent to 6.5%.
Subsequently, the components were separated by fractionating the complete yield. The n-hexane
fraction yield was 7.085 g or 21.83%, the ethyl acetate fraction yield was 3.38 g or 10.4%, the n-
butanol fraction yield was 8.84 g or 27.2%, and the remaining fraction yield was 3.93 g or 12.1%. In
conclusion, oil palm leaves are a prospective source of zingerol compounds, suggesting potential to
be used as an alternative to rhizomes.
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INTRODUCTION

Oil palm (Elaeis guineensis Jacq.) is widely cultivated in tropical regions, particularly
in Southeast Asia, due to its economic importance as a major source of edible oil and
industrial raw materials (Alhaji et al., 2024). While most studies and applications have
focused on the oil derived from the fruits and kernels, the leaves of oil palm remain an
underutilized by-product despite abundant availability in plantations (Abogunrin-Olafisoye et
al., 2024). Recent studies have shown that oil palm leaves contain useful compounds like
flavonoids, phenolic acids, and other substances that may help with health issues, unveiling
their roles in protecting the body as antioxidants, reducing inflammation, fighting germs, and
preventing cancer (Mohamed, 2014). There has been evidence that oil palm leaves could
be harnessed for various health benefits, potentially leading to innovative uses in food
products, supplements, and natural remedies (Lau et al., 2024). Further research into their
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nutritional value and therapeutic properties may pave the way for new applications,
enhancing the sustainability and profitability of oil palm cultivation (Nabila et al., 2023). Our
previous study indicated that the ethanol extract of oil palm leaves contains tannins,
saponins, flavonoids, and alkaloids that have larvicidal activity (Setiawan et al., 2025). Other
studies also showed the same contents, in addition to analgesic activity in mice induced by
acetic acid (Zulfansyah et al., 2023).

The exploration of bioactive compounds in plant materials often requires targeted
extraction and advanced analytical techniques. Solvent partitioning plays a crucial role in
fractionating complex plant matrices to enrich specific groups of compounds, whereas
identification of fractions could be conducted through a combination of chromatographic and
spectroscopic techniques (Gil-Martin et al., 2022). Ethyl acetate, a moderately polar solvent,
is commonly used to extract phenolic and flavonoid-rich fractions, which are known to harbor
significant biological activity (Susanti et al., 2024). However, comprehensive profiling of
these fractions in oil palm leaves remains limited. Liquid chromatography combined with
high-resolution mass spectrometry (LC-HRMS) is a powerful method for studying many
different metabolites, enabling the detection of various plant chemicals with great sensitivity
and accuracy (Anagnostopoulou et al., 2025). This technique allows for precise mass
detection, structural elucidation, and tentative identification of unknown compounds, making
it ideal for phytochemical profiling of complex plant extracts (Altemimi et al., 2017). Because
more and more people have taken interest in using agricultural leftovers and there is a rising
need for new natural substances in medicine and health products, it is important to
thoroughly analyze the plant chemicals in the ethyl acetate fraction from oil palm leaves.
Therefore, it was the aim of this study to examine the active compounds in the ethyl acetate
fraction of oil palm (Elaeis guineensis) leaves using LC—HRMS to discover possible new
options for drug research. By identifying and characterizing these compounds, we hope to
uncover novel therapeutic agents that can be developed into effective treatments.
Additionally, it is expected that this research could contribute to sustainable practices by
promoting the utilization of by-products from oil palm cultivation.

METHODS

Materials and Instruments

Oil palm leaves were taken from Kuraniji District, Tanah Bumbu Regency, South Kalimantan.
The materials used were acetone (Merck, Germany), ethyl acetate (Merck, Germany), n-
hexane (Merck, Germany), acetonitrile (Merck, Germany), buffer acetate, and aquadest.
The instruments used were an analytical balance (Ohaus, USA), a macerator, a rotary
evaporator (B-ONE, Chinese), and an instrument for conducting LC-HRMS (Liquid
Chromatography—High-Resolution Mass Spectrometry) (Thermo, USA).

Procedures
Sample extraction

Some oil palm leaf samples were cleaned by rinsing with running water and were
carefully inspected for any contaminants. After rinsing, the plant samples were sliced and
dried in an oven at 40°C for three hours. Sample standardization was carried out based on
specific criteria. Simplicia extraction was conducted by completely immersing 500 g of
powder in acetone. The mixture was stirred every six hours, and the solvent was changed
every 24 hours three times. The liquid extract was evaporated in a rotary evaporator, and
the water bath was maintained at 50°C until the weight reached a stable state.

Fractionation

Crude extract was fractionated with n-hexane, ethyl acetate, and n-butanol solvents
to separate components based on their polarity. N-hexane is a non-polar solvent that
primarily extracts lipophilic (non-polar) compounds such as fatty acids and terpenoids. Ethyl
acetate is a semi-polar solvent that is effective for extracting moderately polar compounds
like flavonoids, alkaloids, or phenolic acids. n-Butanol is a polar solvent that targets more
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hydrophilic (polar) compounds such as glycosides and polar phenolics. Thick extract was
weighed and dissolved in distilled water with a 1:50 extract-to-water ratio, which was
modified from a previous method (lkhwan Rizki et al., 2022). The solution was then
subjected to liquid-liquid fractionation with n-hexane with a ratio of extract solution to n-
hexane of 1:10. The bottom layer was fractionated again, and the top layer was collected as
the n-hexane liquid fraction. n-hexane was added repeatedly until it was clear. The bottom
layer was fractionated again with ethyl acetate with a ratio of 1:10. The bottom layer was
fractionated repeatedly with ethyl acetate, and the top layer was collected as the ethyl
acetate fraction. The repetition was continued until the top layer became clear. The bottom
layer was fractionated again with n-butanol with a ratio of 1:10. The bottom layer was
fractionated repeatedly with n-butanol, and the top layer was collected as the n-butanol
fraction. The repetition was continued until the top layer became clear. The bottom layer
was separated and became the residual fraction or water fraction. The n-hexane, ethyl
acetate, n-butanol, and water fractions were collected and dried using a rotary evaporator.
After drying, they were weighed, and each percentage of yield was calculated.

LC-HRMS Analysis

LC-HRMS analysis was performed on the ethyl acetate fraction using specific
settings, including a gas temperature of 30°C, a gas flow of 11.01 L/min, a nebulizer
pressure of 40 psi, a VCap of 3,500 V, a fragmentor voltage of 175 V, a skimmer voltage of
65.0V, and an octopole RF peak of 750 V. The elution solvent comprised acetonitrile, 5 mM
acetate buffer, and air, with a flow rate of 1.5 mL/min. The elution gradient commenced at
5% acetonitrile for 0.1 minutes, increased to 30% acetonitrile over 10 minutes, reached 80%
acetonitrile at 32 minutes, and finally returned to the original conditions. The column
temperature was consistently maintained at 30°C throughout the operation. The diode flow
detector cell routed the column elution to the Q-TOF high-resolution mass spectrometer,
equipped with an electrospray interface (Aryal et al., 2021).

Data Analysis

The raw data from LC-HRMS was analyzed using MZmine 2, and chemical
identification was carried out with Mestre Nova 12.0 by referencing the PubChem, Dictionary
of Natural Products 2, ChemSpider, and METLIN databases.

RESULTS AND DISCUSSION
Extraction and Fractionation

After extraction, a water bath at 50°C evaporated the filtrate, yielding a concentrated
extract with a consistent weight. The yield of the extract from thick oil palm leaves was 32.5
g or 6.5%, lower than the 7.2% ethanol extract yield obtained in our previous study. This
discrepancy might be attributable to variations in the extraction methods or the specific
conditions under which the leaves were processed. Further investigation into the solvent
properties and extraction times could help optimize the yield for future studies (Duan et al.,
2024). The entire yield was then fractionated to separate the components. The yield of the
n-hexane fraction was 7.085 g or 21.83%, the yield of the ethyl acetate fraction was 3.38 g
or 10.4%, the yield of the n-butanol fraction was 8.84 g or 27.2%, and the yield of the
remaining fraction was 3.93 g or 12.1%. These results indicate a successful separation of
the components, highlighting the efficiency of the fractionation process. Further analysis of
each fraction could provide insights into their potential applications and overall purity.

LC-HRMS Result

LC-HRMS is typically conducted to provide detailed information about the
composition and structure of complex mixtures. Researchers can identify and quantify
various compounds using high-resolution mass spectrometry, leading to a deeper
understanding of chemical interactions and potential applications in pharmaceuticals and
environmental science (Hulleman et al., 2023). This advanced technique allows for detecting
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trace levels of substances, making it invaluable for studies in metabolomics and proteomics.
Additionally, its ability to analyze samples with minimal preparation enhances the efficiency
of research and development processes across multiple disciplines. High-resolution mass
spectrometry can also be combined with other analytical techniques, like chromatography,
to yield even more thorough information about the makeup of the sample (Morlock, 2021).
This better equips scientiests in addressing challenges in drug development and
environmental monitoring, ultimately contributing to advancements that benefit society as a
whole.

Zingerol, as a primary compound (Table 1), has been extensively studied for its
pharmacological activity, which involves anti-inflammatory and antioxidant properties.
Researchers are exploring its effectiveness in various therapeutic applications, particularly
in managing arthritis and chronic pain. These studies suggest that zingerol may play an
essential role in developing natural treatments for these conditions, potentially offering safer
alternatives to conventional therapies (Ahmad et al., 2018). As research continues to
uncover its full benefits, zingerol may become a valuable addition to holistic health practices.
Practitioners increasingly incorporate it into dietary supplements and health products, aiming
to harness its properties for better patient outcomes. As public interest in natural health
solutions increases, zingerol’s popularity is likely to increase, leading to further exploration
of its uses in preventive and therapeutic contexts. Rhizomes like ginger contain abundant
amounts of zingerol. As more people seek alternatives to traditional medicines, integrating
compounds such as zingerol into mainstream healthcare could transform patient care
significantly (Sharma et al., 2023). This shift may inspire healthcare providers to consider
natural compounds alongside conventional treatments, thereby encouraging a more holistic
approach to treatment.

Some other identified components are echinenone, mitragynine, and lupeol.
Researchers have examined these chemicals for their diverse biological activity and
potential health advantages. They have been persistently investigating their functions in
traditional medicine and their applications in contemporary pharmacology. As understanding
of these chemicals advances, interest in their potential in support of novel therapeutic
techniques is increasing. Current research seeks to elucidate their mechanisms of action
and assess their effectiveness in addressing various health issues. Echinenone,
mitragynine, and lupeol have each been integral to ancient medicinal practices globally.
Echinenone, a carotenoid present in some algae, has been historically employed for its
antioxidant characteristics, whereas mitragynine (Setiawansyah et al., 2024), extracted from
the kratom tree, has been utilized in Southeast Asia as analgesic and stimulant (Cinosi et
al., 2015). Lupeol, a triterpene in numerous fruits, is esteemed in Ayurvedic medicine for its
anti-inflammatory and analgesic properties (Dalimunthe et al., 2024). Each of these
substances embodies a profound legacy of herbal treatments transmitted through the
centuries, illustrating the varied methodologies of health and wellness across distinct cultural
contexts.
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Table 1. LC-HRMS data obtained from the ethyl acetate fraction detailing the identities of 20 compounds as major compounds.

Comp. Retention T Compound
No Compound Name miz1 Time (min) [M = H] Area (Max) cID
1 Zingerol 195,10952 6,013 C11 H16 O3 1409066007 7733
2 4-({[4-(3-ethyl-7-morpholin-4-yl-3H-[1,2,3] triazolo[4,5- 591,26714 15,021 C31 H32N10 03 1129773970 44819375
d]pyrimidin-5-yl)phenyllcarbamoyl}amino)-N-(2-pyridin-2-
ylethyl)benzamide
3 1-(3-{[5-Carbamoyl-4-ethyl-6-(4-nitro-phenyl)-2-oxo-3,6- 591,26714 14,821 C30 H36 N6 O7 973471625,9 9916549
dihydro-2H-pyrimidine-1-carbonyl]-amino}-propyl)-4-phenyl-
piperidine-4-carboxylic acid methyl ester
4 Echinenone 549,41649 17,408 C40H54 O 9726581479 5281236
5 N-tert-butoxycarbonyl-L-tryptophyl-glycyl-L-alpha-aspartyl-L- 621,27745 15,752 C31 H38 N6 O8 623930694,6 44376687
phenylalaninamide
6 Linalyl Propionate 209,16159 7,631 C13 H22 02 456659505,8 62328
7 Mitragynine 397,21962 8,499 C23 H30 N2 04 390329239,7 3034396
8 (1R,2S8,5S,10S,14R,15R,23R)-N-benzyl-1,2,8,8,15,22,22- 566,41881 17,332 C38 H53 N3 O 333234359,5 127032735
heptamethyl-19,20-diazahexacyclo
[12.11.0.02,11.05,10.015,23.017,21] pentacosa-11,17(21),18-
triene-5-carboxamide
9 Lupeol 425,38534 18,731 C30H50 0O 331930100,7 259846
10 3-BHA 179,11463 9,059 C11 H16 O2 323147794,8 8456
1 N-[(2S)-1-[[(2S)-5-(diaminomethylideneamino)-1-[[(2S)-1-[4- 885,5584 22,283 C51 H70 N10 O4 2991494976 122696354
(diaminomethy lideneamino) butylamino]-1-oxo-3-(4-
phenylphenyl)propan-2-ylJamino]-1-oxopentan-2-ylJamino]-1-
0x0-3-(4-phenylphenyl)propan-2-yllJdecanamide
12 benzyl N-[4-[[5-cyano-4-(3-hydroxy-3-methylazetidin-1-yl) 621,27745 15,526 C32 H34 N10 O4 252040040,2 153347599
pyrimidin-2-yl] amino] cyclohexyl]-N-[5-(2-methoxypyrimidin-5-
yl) pyrimidin-2-yl] carbamate
13 2-Amino-1,3,4-octadecanetriol 316,29207 9,899 C18 H39 N O3 219541955,7 122121
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14 (3B,24R,24'R)-fucosterol epoxide 427,36443 19,076 C29 H48 O2 179201784,8 2723897
15 (2R,5S)-2-[[bis(4-methoxyphenyl)-phenylmethoxy] methyl]-5-  901,55309 21,639 C51 H70N10 O5 172122433,3 166480337
[4-[[bis[(1-octyltriazol-4-yl) methyl] amino] methyl] triazol-1-yl]
oxolan-3-ol
16 3,5,5-trimethyl-4-[3-[3,4,5-trihydroxy-6-(hydroxymethyl) oxan-  371,21413 6,412 C19 H32 O7 157858984,6 14135394
2-yl] oxybutyl] cyclohex-2-en-1-one
17 dibutyl (Z)-but-2-enedioate 227,13591 8,29 C12 H20 O4 143346444,2 5271569
18 p-cymene; 1-methyl-4-propan-2-ylbenzene 133,10936 7,631 C10 H14 123339639 7463
19 5-Benzyldihydro-2(3H)-furanone 175,08338 0,886 C11 H12 02 109143263,2 15717
20 B-lonone 191,15112 6,412 C13H20 0O 104986141,5 638014
Structure Neme Formula RT [min]
ZINGEROL C11 H16 O3 6.013
( .
S \L
EA_sauil (F1) 81521, RT=6 041 min. MS1, FTMS (#) EA_sawil (F1) §1527. RT=6 041 min. MS1, FTMS (+)
CI1H15 O3 s [MeH|-1 CI1H15 03 a5 [MeH-1
= 150 ] 97 11661 = 150 ] 197 11081
= =H]- 1 = 1 [M=H]=1
= 100 - s 100
= 50 j 180 1 ‘ {'_7,";’1']"]”";’ 200 12524 = 50 - SR f,""'” }'”\‘,“"i’ 260 12624
= 1 tiieiNaj= | [Me ACN<HNa]=1 = {143 1bb ("=Noje [MACNNa)e )
; 0 i‘lv"—**"r'*" l“’.’ v T v T VT L% AL _:_:: 0 :I'_T_""""‘!"‘"' H‘* LA A a0
= 180 190 200 210 220 230 240 250 260 = 180 190 200 210 230 240 250 2860

97
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Figure 1. Structure and chromatogram of Zingerol
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Zingerol demonstrates significant therapeutic potential through its diverse
bioactivities, particularly through its anti-inflammatory and antioxidant properties. Its anti-
inflammatory mechanisms, including the inhibition of pro-inflammatory cytokines and
COX-2 enzymes, make it a promising avenue to treating chronic conditions such as
rheumatoid arthritis, inflammatory bowel disease, and Alzheimer's disease (Gupta et al.,
2025). Additionally, its antioxidant activity positions it as a valuable agent against
oxidative-stress-related disorders, including cardiovascular diseases, diabetes, and
neurodegenerative conditions, through its ability to neutralize reactive oxygen species
(ROS) and enhance endogenous antioxidant defenses(Jomova et al., 2023). The
compound's anticancer properties are equally noteworthy, as it can induce apoptosis,
inhibit angiogenesis, and suppress metastasis in cancer cells, potentially complementing
existing chemotherapeutic agents or serving as standalone treatments, similar to other
natural compounds, like curcumin and resveratrol (Cui et al., 2025).

The development of zingerol as a therapeutic agent can be advanced through
several strategic approaches, including structure—activity relationship (SAR) analysis to
optimize its pharmacokinetic properties and the exploration of combination therapies.
SAR studies could guide the rational design of derivatives with enhanced potency and
selectivity by modifying hydroxyl or alkyl groups to improve solubility, stability, and
bioavailability (Ait Lahcen et al., 2024). Meanwhile, combination therapy investigations,
particularly with anti-inflammatory drugs or chemotherapeutic agents, could yield
synergistic effects while reducing adverse effects. To establish zingerol as a viable
medicinal agent, comprehensive preclinical studies focusing on pharmacokinetics,
toxicity, and efficacy in relevant disease models are essential, followed by clinical trials
to evaluate its safety and efficacy in humans, and ultimately by working toward regulatory
approval.

CONCLUSION

Oil palm leaves provide a promising source of Zingerol components, as they
include the principal constituent zingerol, which can serve as an alternative to rhizomes.
Its potential effects in reducing oxidative stress may support cardiovascular health and
enhance immune function.
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