Volume 11, Issue 2, December 2025 - ISSN 2356-8569
http://dx.doi.org/18.21622/RESD.2825.11.2.1351

Published: 17 August 2025

Journal of Renewable Energy and Sustainable Development (RESD)

Received: 18 May 2025 Accepted: 10 July 2025

The Role of Eusideroxylon zwageri Seed Oil Addition on Changing
Triglyceride Geometry and Physical Properties of Crude Palm Oil
Syahruddin Syahruddin ", Randis Randis %, Hasmina Tari Mokui ?, and Edi Widodo *
12Balikpapan State Polytechnic, Department of Mechanical Engineering, Balikpapan, Indonesia
3Halu Oleo University, Faculty of Engineering, Department of Electrical Engineering, Kendari, Indonesia

4Universitas Muhammadiyah Sidoarjo, Faculty of Science and Technology, Department of Mechanical
Engineering, Indonesia

syahruddin@poltekba.ac.id, randis@poltekba.ac.id, hasmina.mokui@uho.ac.id, ediwidodo@umsida.ac.id

Abstract

This study investigates the role of bioadditive Eusideroxylon zwageri seed oil in influencing the physical properties
of crude palm oil. Simulated using HyperChem software, the molecular dynamics model reveals an alteration in the
triglyceride geometry of vegetable oil resulting from the addition of a bioadditive. Procyanidin found in E. zwageri seed
oil energized electrons on its aromatic ring cluster, generating a magnetic moment such that spinning electrons along
the molecular chains of crude palm oil became more reactive. This enhanced electron mobility also correlated to lower
dipole moment and higher kinetic energy, weakening the intermolecular Van der Waals’ force between triglyceride
molecules. As a result of this phenomenon, molecular geometric stretching along the carbon chain of triglycerides
occurs, increasing the probability of altering the physical properties of the treated vegetable oil. The study result shows
a modest reduction in kinematic viscosity (cSt) of the treated crude palm oil, as verified by the ASTM D 445 method,
after the addition of the bioadditive seed oil. Flash point value also decreases marginally, as measured by the ASTM
D93 method. The E. zwageri seed oil demonstrated an alternative bioadditive, enhancing the physical properties of

vegetable oil fuel.
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I Introduction

Biodiesel sourced from vegetable oils has shown
promise for participation in the global production
of renewable energy [1]. Vegetable oils comprise
triglyceride chains, oxygen-abundant molecules
with three fatty acid tails attached to a single
glycerol head, connected by ester bonds, which can
be either solid or liquid at room temperature [2]. The
fatty acid tails are made up of long-chain carbon
atoms, combined with hydrogen, and a carboxyl
group [3]. Because vegetable oil fuels acquire similar
properties to petrol fuels, the direct utilisation of
the oils in diesel engines has been possible with
slight engine modifications and/or some operating
precautions [4]. However, the main drawbacks of
vegetable oil fuels stem from their high viscosity,
along with the low evaporation and reactivity of
unsaturated hydrocarbon carbon chains [5]. Highly
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viscous fuels compromise the atomization process,
leading to incomplete combustion and various
component-related problems, such as engine deposit
build-up, injector clogging, and pumping wear [6].

Researchers have investigated numerous ways to
manipulate the high-viscosity problem of vegetable
oil, for instance, by preheating [7,8], blending [9], and
using microemulsion methods [10]. The blending
method has been regarded as an efficient and cost-
effective approach. Alcohol components, such as
butanol and pentanol, showed up as recommended
additive agents to mitigate the high-viscosity
effect of vegetable oil [9-11]. Other agents, such as
synthetic manganese (Mn), have also been reported
to improve the viscosity and flash point of biofuel
derived from pomace oil [12]. All these studies
concluded that these chemical-based additive
materialsresulted in improved viscosity and/or flash
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point level compared to the original ones. Yet, none
of these studies explored the scientific explanation
at the molecular level. Therefore, more studies are
required to gain a deeper understanding of the basic
explanation at the molecular level.

Studies on plant-based products as additives,
aiming to enhance the properties of vegetable
oil fuels, have been conducted. Higher blending
proportions of turpentine oil resulted in improved
viscosity and calorific value [13]. Eucalyptus oil and
Bamboo carbon nanoparticles have been reported
to enhance the viscosity and combustion reactivity
of the treated vegetable oils [14, 15]. In their studies,
researchers suggested that the nature of the fatty
acid composition, the difference in electronegativity
between the additive and the vegetable oils, the
presence of aromatic ring clusters, and other
features are responsible for potential alterations in
the physical and chemical properties of the treated
oils [14-16]. Hence, we are motivated to explore
novel plant-based materials with comparable
characteristics, aiming to prospectively improve
eco-friendly vegetable oil fuels.

The concept of aromaticity at the molecular level
and its relevance in triggering a magnetic moment is
an interesting phenomenon. Barlini and colleagues
described the theoretical and experimental
justification for how a magnetic momentis generated
within a molecular aromatic ring via NMR (Nuclear
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oil towards the viscosity and flash point of crude
palm oil. Characterization tests, along with the
HyperChem molecular dynamics simulation model
to note the molecular geometric changes, were
performed to gain insight into the underlying
mechanism of action at the molecular level. The
constituent elements within E. zwageri seed oil
may attach to the triglyceride chains of the CPO
due to differences in electronegativity, triggering
attractive-repulsive forces that activate the mobility
of atoms. This change in the mobility of atoms could
impact the overall triglyceride geometric structure
of the treated oil, potentially altering its properties.

The Eusideroxylon zwageri plant is chosen because
this tree is endemic and native to Sumatra and
Borneo,Indonesia.Itsseedscontain flavonoids,aclass
of polyphenolic metabolites, which are suggested to
act as antioxidants and anti-inflammatory agents
[22]. Polyphenol substances feature aromatic ring
clusters along with hydroxyl groups [23]. These
features may have the potential to influence the
physical and chemical characteristics of vegetable
oil. Crude Palm Oil (CPO) is used in this study due
to its wide availability in Indonesia, which makes
it a prime raw material for alternative biofuels.
Additionally, due to its simple processing practices
and positive economic outlook, CPO has been
anticipated as a substitute fuel for low- to medium-
speed diesel power plants across Indonesia [24].

Magnetic Resonance) [17]. A Computational study

also demonstrated the relevance of how aromatic

II.

Experimental

ring systems could produce a magnetic moment,
which modifies their surrounding molecules [18].
These aromatic ring clusters acquire delocalized
electrons, triggering a degree of magnetic field
[19-21], which in turn induces stronger electron
spins in the surrounding molecules, such as water
and lipid molecules, leading to enhanced physical
and chemical properties of the treated oils [14-16].
Therefore, the idea of bridging the aromatic system’s
potential magnetic effects with lipid alignment
phenomena and applying it in the area of vegetable
oil fuel has become the focus of this study.

The focus of the present study is to assess the role
of natural additive Eusideroxylon zwageri seed

A. Material collection and preparation

Eusideroxylon zwageri fruit was gathered from a
plantation in Samboja, East Borneo. The seed was
collected from mature fruit, chopped into chips, and
then dried under adequate sunlight for two days to
reduce moisture content. The seed oil was extracted
by cold-pressing the E. zwagery seed using a pressing
apparatus (MKS-JO1, Indonesia). The step-by-step
preparation process is presented in Figure 1. This
cold-press method for oil extraction is regarded as
a sustainable technique, as it generates no chemical
effluent while still preserving the components of
the extracted seed oil [25].
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Light E. zwageri oil

Crude E. rwageri seed oil

Pressed seed

Figure 1: Preparation process of E. zwageri seed oil before characterization.

Crude palm oil was sourced from local oilseed
cultivars in Balikpapan, East Borneo. The fatty acid
composition of CPO is presented in Table 1.

Table 1: Fatty acid composition of CPO [26]

Chemical Cn;db | Composition | Molecular mass,
composition (VA g/mole
Caprylic acid 8,0 0.08 1442114
Capric acid 10,0 0.06 172.2646
Lauric acid 12,0 0.36 200.3178
Myristic acid 14;0 113 228.3709
Palmitic acid 16,0 4231 256.4241
Palmitoleic acid | 16;1 0.17 254.4882
Stearic acid 18;0 4.27 284.4772
Oleic acid 181 40.90 282.4614
Linoleic acid 18;2 10.07 280.4455
Linolenic acid 18;3 0.28 278.4296
Arachidicacid | 20,0 0.31 312.5304
Gondoic acid 20:1 0.16 310.5145

Cn (the number of carbon atoms); db (the number of double
bonds)

B. Seed oil characterizations

1. LC-MS/MS-QtoF analysis

After the preparation process, the extracted seed oil
was applied for compound identification according
to the modified method by [27]. An amount of 4 pL of
treated Eusideroxylon zwageri seed oil was injected
into the LC-MS/MS-QtoF (Waters Xevo G2-S, USA)
system, which incorporated both positive and
negative Electrospray Ionization. This component
identification test uses the LC-MS/MS-QtoF system,
integrated with a mass spectra library and the
UNIFY information system.

2. FTIR analysis

FTIR (Bruker ALPHA II, Germany) is used to identify
functional groups in prepared Eusideroxylon zwageri
seed oil by measuring the wavelength spectra in the
infrared region absorbed by the seed oil sample. In
this study, the focus is on determining the aromatic
ring cluster in the seed oil [28].

C. Molecular dynamics simulation model

Molecular dynamics simulation, using HyperChem
software, was performed toillustrate the interaction
between the bioadditive Eusideroxylon zwageri seed
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oil and crude palm oil. Computation on electron
mobility, molecular kinetic energy, and dipole
moment was also presented. To simplify, the
simulation involved one molecule of procyanidin, a
prominent constituent of E. zwageri seed oil, and one
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triglyceride molecule of crude palm oil, as shown
in Figure 2. The simulation temperature started at
120 K, with a step temperature of 60 K, and a final
simulation temperature of 360 K.

Procyanidin A2
0.58
£z | foe63
3 2500
5 ]
=
w
5
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Retention time [min]
Figure 2: Molecular model for procyanidin and CPO triglyceride.
D. Viscosity and flash point III. Results and Discussion
measurements
A. Material characterizations

Eusideroxylon zwageri seed oil at a dose of 5% v/v
was added to 400 mL of crude palm oil, which
was then conditioned at 40 °C and stirred using a
magnetic stirrer for 30 minutes. Then, the mixture
was allowed to settle for approximately 12 hours
at room temperature. The kinematic viscosity of a
stable mixture of crude palm oil, combined with the
concentration of E. zwageri seed oil, was measured
using an Ostwald viscometer according to the
ASTM D445 standard [29]. Meanwhile, the flash
point test was conducted using a standardized flash
point measurement tool, SYD-261, by the closed cup
method, following the ASTM D93 standard [30].
For the viscosity and flash point measurements, all
sample data were measured in triplicate, and then
the mean values and their standard deviation were
reported.

The LC-MS test
Eusideroxylon
procyanidin,

zwageri seed oil

several

study on the seed oil [22].

palm oil triglycerides [31].
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indicated that the prepared
contained
flavonoid-derivative
substances, and cnidimol at low response. This LC-
MS result is comparable to a previous qualitative
Amongst these
components of the seed oil, procyanidin can interact
with vegetable oil as shown in Figure 2. Due to
the difference in electronegativity, the positively
charged procyanidin can readily interact with the
negatively charged carbonyl group along the crude

Procyanidin is a polyphenolic compound derived
from the condensation of epicatechin, which has
tworing hydroxyl groups and exhibits antioxidative
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properties [32]. Thus, as polyphenol oligomers,
aromatic rings clustered with hydroxyl groups
are readily present in the prepared Eusideroxylon
zwageriseedoil. These aromatic rings’ characteristics
include delocalized electrons that generate a degree
of magnetic field, boosting the spinning electrons
along the molecular chain of vegetable oil [19-21].
This increased level of electron spinning/mobility
contributed to an increased molecular kinetic
energy [33], weakening the intermolecular Van
der Waals' force of the triglyceride chains and
stretching apart the molecular structure of the
treated crude palm oil, as illustrated in the Figure.
4. This stretching distance along the carbon chains
of the CPO reduced the thickness of the treated oil.
Moreover, the decrease in carbon atom bonding also
facilitated better combustion reactivity as indicated
by a lowered flash point level.

FTIR test result of Eusideroxylon zwageri seed oil, as
shown in Figure 3, indicated a peak in the spectrum
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of 1400-1600, corresponding to the C=C aromatic
rings, followed by an absorbance band of 3000-3100.
There are also several peaks in the spectra of 1000-
1300 supporting evidence for aromatic ring band
(C-H in-plane functional group) [34]. Additionally, a
single absorbance band was observed in the region
between 670 and 850 nm, which corresponds to
an aromatic ring band [28]. Delocalized electrons
in aromatic ring clusters have the potential to
induce a magnetic field [19, 20]. Additionally,
intermediate and large aromatic compounds
acquired delocalized electrons, retaining ring
currents that generated a magnetic field [21, 22]. The
resultant magnetic moment, in turn, impacted the
surrounding molecular structure. [14-16)]. Therefore,
as suggested by [19-22] and supported by the FTIR
test, bioadditive E. zwageri seed oil could induce a
magnetic moment, which influences the molecular
geometry of the crude palm ail triglyceride chains,
leading to reduced viscosity and flash point levels.
(Further discussed in section 3.2).
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Figure 3: FTIR test result.
B. Molecular geometry alteration fatty acid chains, their composition, and the level of

The nature of vegetable oils, such as the length of the

saturation, influences their chemical and physical
properties [26]. The largest fatty acid components
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of crude palm oil are palmitic, oleic, and linoleic, as
shown in Table 1. These components contained more
than 50% double bonds and approximately 10%
polyunsaturated fatty acids. These features provide
a relatively rigid and curly form of the molecular
geometry of CPO triglyceride chains, as simulated
by HyperChem software.

As bioadditive Eusideroxylon zwageri seed oil
interacts with the triglyceride chains of the crude
palm oil, molecular geometric alteration occurs.
When the prepared seed oil was added to the CPO,
the weak attraction-repulsion intermolecular force,
namely, the Van der Waals force, which sustained
fatty acid chains of the oil in a liquid state, was
disrupted. This happened due to the local magnetic
induction triggered by delocalized electrons
energizing electrons’ mobility, which acted along the

& . [ L S 44 -

Volume 11, Issue 2, December 2025 - ISSN 2356-8569
http://dx.doi.org/18.21622/RESD.2825.11.2.1351

side of the triglyceride molecule. Consequently, the
initial curly-rigid shape of the CPO carbon chains
stretched slightly, suggesting that the presence of
bioadditive E. zwageri seed oil exerted molecular
geometric relaxation along the carbon chains of
the vegetable oil. This bioadditive stretching effect
was observed in all three fatty acid chains of the
Hyperchem simulation model, as shown in
Figure 4. However, the least tearing apart was
noted on the last chain of the triglyceride molecule,
which corresponded to linoleic acid. More double
bonds are present in linoleic acid, making the impact
of triggered magnetic induction by the procyanidin
molecule the least on this last chain. This finding
followed the fact that the presence of double bonds
could hamper the electron mobility’s additive effect
[35].

CPO triglyceride + Bioadditive

Figure 4: Molecular geometry of the CPO triglyceride chains before and after adding E. zwageri seed oil.

In addition, the interaction between the triglyceride
chains of vegetable oil and the bioadditive enforced
certain molecular dynamic energy, which is
represented by kinetic energy [33]. Simulated at
360K, the kinetic energy developed from this CPO
+ bioadditive interaction was 1186.52 kcal/mol,
while that of CPO per se was 782.33 kcal/mol. This
elevated CPO+ bioadditive kinetic energy correlated
to higher electron mobility that emerged along
the carbon chains of the treated vegetable oil. An
increased electron activity level also increased the
probability of their collisions, triggering disruption
in the intermolecular Van der Waals force along the
vegetable oil [36].

From a quantum chemistry perspective, the electron
polarization of a molecule fluctuates in response to
changes in its energy state. Electron polarization,
indicated by the dipole moment, correlates with
intermolecular binding energy, suggesting that
a stronger dipole moment represents a stronger
intermolecular interaction, thereby inhibiting
electron mobility [37]. HyperChem simulation
showed a decrease in dipole moment, p (debyes), of
the treated vegetable oil after the addition of the E.
zwageri seed oil. (u, =8.526 to y, = 2.173). Bioadditive
seed oil, having delocalized electrons, generated a
magnetic moment, energized the electron mobility
along the triglyceride molecule, resulting in a more
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chaotic atomic movement, and a decline in dipole
moment. Thisdecrease in dipole moment, or increase
in electron mobility, corresponds to an increase in
the kinetic energy of the treated vegetable oil.

Thephenomenon of molecular geometric stretching
along the triglyceride chains of the vegetable oil (the
changes in triglyceride packing or conformation as
simulated by HyperChem), the diminishing Van der
Waals bonding force, a decrease in dipole moment,
and the increased kinetic energy due to the addition
of bioadditive E. zwageri seed oil simultaneously
result in viscosity decline of the treated crude palm
oil. Likewise, the diminishing Van der Waals force
along the triglyceride chains of the vegetable oil
leads to better combustion reactivity, as indicated
by a lower flash point.

Computational molecular modelling, such as
HyperChem, can provide a valid methodology
supporting scientific phenomena. In the broader
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context of sustainable energy-related fields,
studies have incorporated various computational
intelligence methods, which are conceptually in
line with the use of HyperChem in this study.
Movyo and Dewa, in their review, highlighted the
use of computational modelling for sustainable
energy systems [38]. Felobes and Abadir employed
a molecular modelling approach to demonstrate
the transformation process of biomass-derived
oil [39]. Moreover, Makadia and Dave provided
methodological support for computational modelling
of energy-related substances, which is similar in
spirit to this study’s HyperChem simulation of oil
properties [40].

C. Viscosity and flash point assessment

There is a modest improvement in viscosity and
flash point resulting from adding bioadditive
Eusideroxylon zwageri seed oil to the prepared crude
palm oil, as shown in Figure 5.

60 - 300 ~
CPO
1 CPO + E. zwageri seed oil
50 250 - 233
42.7 220
7 200 -
C ors
o g
S _‘g 150
® a
N -
% & 100 -
8 e
2
=
50
0

Vegetable Oil

Vegetable Oil

Figure 5: The viscosity and flash point of crude palm oil (CPO) with/without bioadditive E. zwageri seed oil.

A reduction in viscosity level occurred due to
the weakening of the intermolecular Van der
Waals forces in the triglyceride chains of CPO.
Intermolecular force is a crucial variable in
determining the viscosity level [41]. Aromatic ring
clusters found in E. zwageri seed oil generate a
magnetic field, which strengthens electron spinning
and mobility along the fatty acid chains, thereby
lowering the dipole moment, disrupting Van der
Waals interactions among atoms, and altering the
lipid conformation by stretching or extending the

molecule. Therefore, the viscosity level of the treated
crude palm oil declined by 11% (from 42.7 to 38 cSt).
Flash point level also marginally improved by 6%
because a decrease in the intermolecular Van der
Waals force correlated to less energy to evaporate
the oil [42]. Flash point refers to the minimum
temperature at which a liquid produces sufficient
steam to start combustion. Hence, a lower flash point
corresponds to enhanced combustion reactivity,
making the liquid more easily combustible.
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According to the Indonesian National Standard
SNI 8384, for CPO used as fuel in a low-speed diesel
engine that also incorporates a thermal boiler in
its operation, the viscosity level must be below 40,
while the flashpoint level must be a minimum of
200 °C [43]. By this benchmark, our study results
satisfactorily met the requirements.

The limitation of using one molecule of procyanidin
per se in interaction with crude palm oil should
be noted in this study. The presence of other
components in the seed oil (considering the
seasonal variation of the seed oil), although in
minimal amounts, may have influenced the
overall properties of the treated crude palm oil to
some degree. Composition should have affected
the thermophysical system performance [44].
Nevertheless, at the lab scale, our experimental
results showed improvement in two parameters
(kinematic viscosity and flash point) of CPO physical
properties.

IV. Conclusion

The addition of Eusideroxylon zwageri seed oil into
the crude palm oil resulted in a modest decline
in viscosity and flash point of the vegetable oil
Procyanidin found within the treated E. zwageri
seed oil acquired delocalized electrons on its
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