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ABSTRACT

Larvae of Hermetia illucens have been increasingly recognized as a promising renewable
lipid feedstock for various industrial, oleochemical, and biotechnological applications. This
study compared mechanical pressing and Soxhlet extraction methods to evaluate their
effects on the physicochemical properties and lipid composition of maggot oil. Oil extracted
by the Soxhlet method resulted in a higher yield (34.60%) than mechanical pressing
(22.45%), indicating more efficient lipid recovery. The moisture contents of the oils were
0.643% and 0.468%, respectively. Both extraction methods produced oils with low acid
values (1.693 + 0.127-1.702 + 0.116 mg KOH/g) and free fatty acid contents (0.603 + 0.045-
0.607 + 0.042 %), suggesting acceptable oil quality. Saponification values ranged from 157 to
159 mg KOH/g, while peroxide values were 13.56-14.49 meq O,/kg. The elemental
composition results revealed that both oils were predominantly composed of carbon and
hydrogen, reflecting their lipid-rich nature. Gas chromatography-mass spectrometry
analysis revealed that the extraction method significantly influenced lipid composition.
Mechanical pressing preserved a higher proportion of triglycerides, whereas Soxhlet
extraction recovered larger amounts of free fatty acids, especially those with medium- and
long-chain structures. These findings indicate that extraction techniques not only affect oil
yield but also influence the physicochemical characteristics and chemical profile of H. illucens
oil, which may influence its suitability for different biological and biotechnological
applications. The results demonstrate that selecting a suitable extraction method is crucial
for producing maggot oil with characteristics tailored to specific downstream applications,
including biofuel, oleochemical, and biotechnological products.

Keywords: Hermetia illucens, maggot oil, mechanical pressing, physicochemical
properties, Soxhlet extraction.

INTRODUCTION content, generally ranging from 21-42% of the

Research on alternative lipid sources dry biomass weight, depending on the feed type
derived from biomass has been gaining (Lawal et al., 2022; Spranghers et al., 2017). The
increasing attention in recent years, in line with ~ fatty acids in maggot oil can be saturated or
the growing demand for sustainable lipid unsaturated, with a predominance of lauric acid
feedstocks for biological, biotechnological, and (Ciz0), which is of significant value in
other value-added applications, including oleochemical, biotechnological, and bioenergy
biofuels (Kumar et al, 2025; Spranghers et al, applications (Li et al, 2022; Surendra et al,
2017). One type of biomass studied in this 2016). Another advantage of Black Soldier Fly
context is the larvae of Hermetia illucens (Black ~(BSF) maggots is that their rearing substrate can

Soldier Fly), which have a considerable lipid be derived from organic waste streams,
including food-derived residues, animal manure,
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and agricultural residues (Amrul et al, 2022;
Rehman et al, 2023; Wang et al, 2017).
Therefore, BSF maggot biomass has attracted
growing attention as a sustainable lipid source,
underlining the significance of
extraction procedures to generate oils with
properties appropriate to certain applications.
Maggot oil can be produced using several
extraction methods, namely Soxhlet extraction
(Ishak et al., 2018), supercritical CO, extraction
2024),
pressing (Nugroho et al, 2022; Rozali et al,
2022). is effective but
typically requires substantial quantities of
organic solvents and prolonged extraction
times, whereas supercritical CO, extraction can
produce solvent-free extracts but requires
specialized high-pressure equipment (Ishak et
al, 2018; Muangrat & Pannasai, 2024).
Mechanical pressing offers a faster and more
straightforward extraction process than Soxhlet
extraction and does not require organic
solvents. However, its oil yield is generally
lower because a portion of the lipids may
remain in the residual solid material after

efficient

(Muangrata et al, and mechanical

Soxhlet extraction

pressing (Rozali et al., 2022).

This study employed two extraction
methods: mechanical pressing and Soxhlet
extraction. Maggot oil extraction by mechanical
pressing is a method that does not involve
chemical solvents and is a simple,
environmentally friendly technique requiring
minimal labor (Nugroho et al.,, 2022; Rozali et
al, 2022; Surendra et al, 2016). The basic
principle of this method is applying high
mechanical pressure to the biomass, whether
fresh or dried, thereby damaging the tissue
structure and releasing the lipids trapped
within larval cells (Caligiani et al.,, 2018; Chew
et al, 2025; Rozali et al., 2022). Meanwhile,
Soxhlet extraction is a technique frequently
used to achieve high oil yields from biomass,
including maggots, and is generally employed
when the compounds of interest are not readily
soluble in the solvent (Arachchige et al., 2025;

Ishak et al., 2018). The basic principle of this

method is to dissolve lipids in organic solvents
such as n-hexane or ethanol, which are then
evaporated and  repeatedly
(refluxed) until all fats are extracted (Arachchige
et al,, 2025; Ishak et al,, 2018). Comparing the
physicochemical characteristics of oil produced
by these two extraction methods is important
for determining which method yields the
highest-quality oil for the intended application.
Maggot oil characterized by
evaluating physical and chemical parameters to
determine its quality and potential use as a
feedstock for bioenergy, oleochemical,
biotechnological, and bio-based
applications (Makkar et al., 2014; Spranghers et
al,, 2017). The physical and chemical parameters

condensed

was

other

measured included moisture content, acid value,
peroxide value, free fatty acid (FFA) content,
elemental analysis, density, and viscosity.
Moisture content analysis is important because
it affects the oil's stability and oxidative
resistance during storage, while the acid value
and FFA content are used to assess the degree of
triglyceride hydrolysis, which can influence oil
quality, storage stability, and its suitability for
downstream processing, including biodiesel
production and other lipid-based applications
(Knothe et al, 2005; Lin et al, 2022). The
peroxide value is measured to determine the
degree of primary oxidation associated with oil
rancidity (Ismail et al., 2020). Elemental analysis
is performed to characterize the elemental
composition of organic samples by determining
their C, H, N, S, and O contents using a CHNS/0O
analyzer, thereby supporting the evaluation of
the oil's energy properties as well as its
suitability for industrial utilization (ASTM, 2016;
Demirbas, 2004). Physicochemical properties,
particularly density and viscosity are also
important to examine because they significantly
influence processing, handling, transport, and
end-use performance of lipid-based products,
including fuel applications (Tzompa-Sosa et al,,
2014).

Gas Chromatography-Mass Spectrometry
(GC/MS) was employed to characterize the
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composition and fatty acid profile of maggot oil,
enabling the qualitative and quantitative
identification of its major constituents (Forfang
et al,, 2017; Srisuksai et al., 2024). Fatty acid
composition plays a significant
determining the functional properties of lipids
and influences their potential applications in
products, biotechnology,
bioenergy (Franco et al, 2021; Suryati et al,
2023). Using this characterization method, the
quality and potential uses of maggot oil can be

role in

oleochemical and

assessed to support the selection of appropriate
extraction methods and optimize its utilization
for specific downstream applications.

This study aimed to compare the
physicochemical characteristics of maggot oil
produced by mechanical pressing and Soxhlet
extraction. The physicochemical parameters
measured include moisture content, acid value,
peroxide value, free fatty acid content, C, H, N, S,
and O content, density, and viscosity. These
parameters are commonly used to assess the
physicochemical characteristics and quality of
oils (Fitria et al, 2025; Mai et al, 2019;
Mohamed et al,, 2021; Purbaningtias & Sandy,
2024). The fatty acid composition present in
maggot oil produced was analyzed using
GC/MS. This study is distinguished by its
comprehensive evaluation and comparison of
the physicochemical characteristics of maggot
oil extracted using a solvent-based (Soxhlet)
method and a more environmentally friendly,
solvent-free method (mechanical pressing).
These two methods are evaluated not only on
their results but also on their impact on lipid
structures, particularly the extent to which
improved extraction efficiency reduces or
modifies complex lipids.

METHOD
Equipment

The equipment used included a set of
glassware, a desiccator, an analytical balance
(Joanlab FA2003S 0.0001), a GC/MS QP-2020
NX (Shimadzu, Japan), an MS column SH-Rxi-
5Sil (30 m x 0.25 mm i.d., internal diameter),
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Vortex V-1 Plus, Soxhlet extractor, Eyela OSB-
2200 evaporator, RG-307 oil extractor (China),
pycnometer, Ostwald viscometer,
FLASHSMART CHNS/O Organic Elemental
Analyzer, Shimadzu GCMS-QP2010S (Japan).

and

Chemicals

The samples used in this study were dried
maggots (Hermetia illucens) obtained from
Protein Indonesia, Depok. The materials used
were Whatman 42 filter paper, n-hexane (Merck
KGaA), H,C,0, (Merck KGaA), phenolphthalein
indicator (Merck KGaA), HCl (Merck KGaA),
potassium hydroxide (Merck KGaA),
sodium carbonate (Merck Unilab).

and

Procedure
Oil extraction by mechanical pressing

Maggot oil extraction from dried maggots
was performed using an RG-307 oil extractor
(Figure 1). Extraction was performed at an
operating temperature of approximately 100-
120 °C. A two-kg sample of dried maggots was
weighed. The dried maggots were then placed
in the oil extractor to extract the maggot oil, and
the resulting maggot oil was weighed to
determine its total weight. The maggot oil yield
was calculated according to the following
equation (Eq.1).

181
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Figure 1. Oil extractor RG-307 (China)

Oil extraction using the soxhlet method

The Soxhlet extraction procedure was
conducted following the method described by
Fitria et al. (2025) using a Soxhlet apparatus
(Figure 2). Initially, 2 kg of dried Hermetia
illucens larvae were pulverized into a fine
powder using a blender to achieve a uniform
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particle size and enhance the efficiency of
interaction between the sample and the solvent
during the extraction process. The resulting
maggot powder was then wrapped in filter
paper, and 77-100 g of this powder was
weighed out for use in each extraction cycle.
The variation in sample mass among extraction
cycles resulted solely from the practical loading
capacity of the Soxhlet thimble and the amount
of powder that could be packed without
restricting solvent circulation; therefore, sample
per cycle was
experimental variable.
performed in 22 consecutive cycles until the
entire 2 kg batch had been processed. For each
cycle, 500-600 mL of n-hexane was added to
the round-bottom flask. A Soxhlet apparatus
fitted with a condenser was operated at a
temperature close to the boiling point of hexane
(¥60-70 °C). During extraction, the solvent
evaporated, in the
dripped into the thimble to dissolve the oil, and
was then siphoned back into the flask in a
repeating cycle for 4-6 hours until the solvent
appeared clear. After that, heating was stopped,
and the hexane-oil extract was separated using
an Eyela O0SB-2200 rotary evaporator to
evaporate the solvent. The extraction yield of
maggot oil was determined using the following
Eq. 1.

mass not treated as an

The extraction was

condensed condenser,

maggot oil mass

oil yield (%) = x 100

mass of dried maggot samples

Figure 2. Soxhlet extractor

Characterization
Moisture content and peroxide value

Moisture content testing was conducted
using the gravimetric method (drying oven)
until a constant weight was achieved, in
accordance with the Association of Official
Analytical Chemists (AOAC) standards (Mai et
al, 2019), and the peroxide value was analyzed
using the iodometric titration method based on
0il Society (AOCS)
standards to determine the level of primary
oxidation in the oil (Pietri et al.,, 2021). These
tests were performed by the Testing and
Calibration Laboratory at the
Industrial Standards and Services Center.

American Chemists'

Samarinda

Acid value and free fatty acid content

Acid value and FFA content were analyzed
using the alkalimetric titration method in
accordance with SNI 3741:2013 on cooking oil,
in which samples were titrated with a KOH
solution to determine the free fatty acid content
of the oil
- Standardization of KOH Solution

Three drops of phenolphthalein indicator
were added to 5 mL of 0.1 N H,C,0, solution,
followed by titration with KOH until a persistent
pink endpoint was observed. The titration was
conducted in triplicate, and the volume of KOH
consumed was recorded and used to determine

the concentration of the KOH solution.
(Purbaningtias & Sandy, 2024).
- FFA Test

A total of 20 mL of 95% ethanol solution
was added to an Erlenmeyer flask. The flask was
then covered with aluminum foil and heated
until the solution boiled. The solution was
subsequently cooled to room temperature, after
which three drops of phenolphthalein indicator
were added and the mixture was thoroughly
homogenized. The solution was then titrated
with KOH until a magenta endpoint was
reached. The volume of titrant consumed was
recorded and used to determine the free fatty
acid content of the oil (%FFA) and acid value
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using the following equations (2&3) (ISO 660,
1983; Rusdi et al., 2024):

V KOH x N KOH x 56,11

Acidity =——""—"" ... 2
y — (2)
V KOH x N KOH x MW
FFA content=——mm— ... (3)
10xm
Description:
%4 = volume of the KOH solution (mL)
N = normality of the KOH solution
m = mass of the sample (g)

56.11 =equivalent weight of KOH
MW  =molecular weight of the dominant fatty acid
(e.g., lauric acid = 200 g/mol)

Saponification value
- Preparation of Blank Solutions

The saponification flask was filled with
several boiling stones, then 5 mL of ethanol
solution and 22 mL of 0.5 N KOH solution were
added. The mixture was refluxed in a boiling
water bath for 1 h. Upon completion of the
reflux, the solution was allowed to cool to room
temperature, after which the reflux condenser
was detached. Three drops of phenolphthalein
indicator were then added, and the solution
was titrated with 0.5 N HCI until the endpoint
was reached, as indicated by a color change.
- Sample Analysis

All sample analyses were performed in
triplicate. A 4-gram sample was weighed and
placed in a saponification flask. Next, 25 mL of
0.5 N KOH solution in alcohol and several
pieces of boiling stones were added. The
mixture was then carefully brought to a boil
using a reflux condenser. After heating was
complete, the solution was cooled to room
temperature. The reflux condenser was then
removed, and 3 drops of phenolphthalein (PP)
indicator were added. The solution was then
titrated with 0.5 N HCI until the endpoint was
indicated by a color change. The saponification
number was calculated using the following
equation according to ISO 3657 (2020),
consistent with procedures reported in
previous studies on oil characterization
(Purbaningtias & Sandy, 2024).
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56,11 (Vb — Vs) x N HCl

Saponification Number =

m
...... 4)
Description:
Vb = volume of HCI for the blank (mL)
Vs = volume of HCI for the sample (mL)
N = normality of the HCI solution
56.11 = equivalent weight of KOH (mg/mmol)
m = mass of the sample (g)
Density

The density of maggot oil was determined
using a pycnometer according to AOAC Official
Method 985.19 (Pycnometer Method). All
sample analyses were performed in triplicate.
The pycnometer was first cleaned, dried, and
weighed while empty to obtain the initial mass.
Next, the pycnometer was filled with distilled
water to the mark and weighed to determine its
volume from the mass of the water, whose
density at the measurement temperature was
known. After that, the pycnometer was dried,
filled with the maggot oil sample to the mark
without any air bubbles, and weighed to obtain
the mass of the pycnometer containing the
sample. The entire weighing process was
performed using a high-precision analytical
balance, and measurements were taken at a
constant temperature, typically around 31 °C.
The density of the maggot oil was calculated by
comparing the mass of the oil sample in the
pycnometer to its previously determined
volume (Fitria et al., 2025; Mai et al., 2019).

Viscosity

The viscosity of maggot oil was measured
using an Ostwald-type capillary viscometer.
Before measurement, the viscometer
cleaned and dried to ensure there were no
contaminants that could affect the results. A 5
mL sample of oil was added to the viscometer
until it reached the calibration mark. The
maggot oil into the
viscometer until it reached the predetermined
mark. The device was placed in a water bath at
a constant temperature, typically around 31 °C,
to maintain temperature stability during the
measurement process. The maggot oil sample

was

sample was drawn
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was drawn past the upper mark using a pipette
or suction bulb, then allowed to flow by gravity
through the capillary. The time required for the
sample to flow from the upper mark to the
lower mark was recorded using a stopwatch.
The same procedure was performed on a
standard fluid, usually distilled water, to obtain
a reference flow time. The dynamic viscosity of
the maggot oil was calculated based on the
relationship between flow time, fluid density,
and the instrument constant according to
Poiseuille’s Law as follows (Fitria et al, 2025):

n _ (p1it1)
12 (p2t2)

where 2 is the sample, and 1 is distilled water,
n is the absolute viscosity (P), p is the density
(g/mL), and t is time (s); it is also known that
ny at 31 °C = 0.00079. Viscosity measurements
are expressed in centipoise (cP) or Pa‘s and are
used to characterize the flow properties of
maggot oil as a potential feedstock for energy
and oleochemical industry applications.

Elemental analysis

Elemental composition analysis of
maggot oil was performed using the CHNS
elemental analysis method to determine the
content of carbon (C), hydrogen (H), nitrogen
(N), and sulfur (S) at the Multidisciplinary
Research Laboratory of the Faculty of
Mathematics and Natural Sciences, University
of Indonesia. The testing was performed using
a FLASHSMART CHNS/O Organic Elemental
Analyzer equipped with an automatic weighing
system (balance). The analysis procedure
followed the ASTM D5373 standard, which
specifies a
method for determining the carbon, hydrogen,
and nitrogen content in organic material or fuel
samples.

high-temperature combustion

GC/MS

The chemical constituents of maggot oil
were identified using GC/MS by adapting the
fatty acid analysis method for Hermetia illucens

reported by Mohamed et al. (2021) and
Srisuksai et al. (2024), with modifications to the
instrument’s operating conditions to suit the
analytical facilities used. The analysis was
conducted using a Shimadzu GCMS-QP2010S
system equipped with an Agilent DB-5MS UI
capillary column (30 m length, 0.25 mm inner
diameter, 0.25 um film thickness). The carrier
gas was helium, with linear velocity flow
control, a column flow rate of 0.50 mL/min, a
pressure of 13.6 kPa, and a total gas flow of 30.4
mL/min. The oil samples were derivatized with
BF3-methanol to convert the fatty acids into
more volatile methyl esters, making them easier
to vaporize, separate, and identify by GC/MS.
The sample was subsequently injected at an
injector temperature of 300 °C using split
injection mode with a split ratio of 54:1. The
oven temperature program was initiated at 70
°C and was held for 5 minutes, then increased at
a heating rate of 5 °C/minute until reaching 300
°C and was held for 19 minutes to ensure
optimal separation of the components.

The compounds were detected using a
mass spectrometer equipped with the electron
ionization (EI) method at an ionization energy
of 70 eV. The ion source temperature was set to
250 °C and the interface temperature to 305 °C.
Data acquisition was performed in scan mode
with a mass range (m/z) of 28-600, a scan time
(event time) of 0.50 seconds, and a scan rate of
1250 amu/second. The solvent cut time was set
to 3 minutes to avoid solvent interference. Data
collection began at a retention time of 3.20
minutes and continued until 70 minutes.
Compound identification was performed based
on the resulting mass spectrum patterns and
compared with the mass spectrum library
available in the instrument software, allowing
the major components in maggot oil to be

determined both qualitatively and semi-
quantitatively
RESULTS AND DISCUSSION

Based on the findings of this study, the

mass of maggot oil obtained using the
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mechanical pressing method (Figure 3a) was
449 g, yielding a recovery rate of 22.45%,
whereas the Soxhlet extraction method (Figure
3b) produced 692 g of oil with a yield of 34.6%,
The analysis method used was a descriptive
comparative analysis of oil yield (%) obtained
from the two extraction methods. The Soxhlet
method was considered more effective because
it produced a higher oil yield 34.60% than
mechanical pressing 22.45%, corresponding to
an increase of 12.15 percentage points; this
difference was attributed to the ability of n-
hexane to dissolve and extract lipids more
thoroughly from the Hermetia illucens biomass
through repeated reflux and siphoning cycles
(Azmir et al,. 2013; Srisuksai et al., 2024). This
difference in yield indicates that the extraction
method significantly affects the effectiveness of
lipid separation from Hermetia illucens larval
biomass (Almeida et al., 2022; Arachchige et al,,
2025; Van Huis et al., 2020).

Mechanical pressing extraction methods
operate on physical principles to extract oil
tissue; however, their
effectiveness is typically suboptimal because

from  biomass

some lipids remain trapped within the cellular
matrix, proteins, and chitin that form the larval
body structure, so not all oil can be fully
recovered (Makkar et al., 2014; Sui et al., 2023).
In contrast, the Soxhlet extraction method uses
organic solvents such as n-hexane, which can
dissolve lipid components more effectively
through diffusion and mass transfer during
repeated reflux cycles between the solvent and
the biomass of Hermetia illucens larvae (Forfang
et al., 2017; Srisuksai et al., 2024). This process
allows the solvent to penetrate the biomass cell
walls and dissolve triglycerides more efficiently,
resulting in a higher oil yield than mechanical
pressing methods (Almeida et al., 2022; Kim et
al, 2022; Laroche et al, 2019). Therefore, the
Soxhlet extraction method is more frequently
used to extract lipids in research due to its high
extraction efficiency, although it requires longer
extraction times and uses organic solvents
(Almeida et al., 2022; Kim et al., 2022; Laroche
et al, 2019). The characteristic results for
maggot oil across various parameters are

presented in Table 1.

Figure 3. a.) Maggot oil extracted with the mechanical pressing method; b.) Maggot oil extracted with

the Soxhlet method.

Table 1 indicates that the moisture
content of maggot oil through
mechanical pressing was 0.468%, compared
with 0.643% for the Soxhlet extraction method.
Both values fall within the typical moisture

obtained
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content range reported for Hermetia illucens
maggot oil. which is approximately 0.1-0.8%
(Chia et al., 2018; Fornari et al,, 2023; Ismail et
al, 2020). These results suggest that the
extraction method influences oil properties, as
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the solvent-based Soxhlet technique enables
more efficient recovery of lipid components
than mechanical pressing (Azmir et al., 2013;
Fitria et al,, 2025). The relatively low moisture
content in both methods indicates that the
maggot oil obtained is stable, as high moisture
content can accelerate the hydrolysis of
triglycerides into free fatty acids (Gunstone
2011; Knothe & Razon, 2017; Shahidi & Zhong,
2010). The presence of water can trigger
hydrolysis and lipid oxidation reactions that can

degrade oil quality (Bao et al., 2023; Fornari et
al., 2023).

In this study, the acid value of maggot oil
obtained via the mechanical pressing method
was 1.693 + 0.127 mg KOH/g oil, and via the

Soxhlet method was 1.702 + 0.116 mg KOH/g
oil, indicating that the processed maggot oil
retains good quality because a low acid value
reflects a sufficiently minimal degree of
hydrolysis (Amaryllis et al., 2024; Knothe &
Razon, 2017; Shahidi & Zhong, 2010). These
acid values are also consistent with the FFA
content obtained in this study: 0.603 + 0.045 %
by mechanical pressing and 0.607 * 0.042 % by
Soxhlet extraction. These relatively low free
fatty acid levels indicate that the triglycerides in
the maggot oil have not undergone significant
hydrolysis, meaning the quality of the maggot oil
is still considered good (Amaryllis et al., 2024;
Knothe & Razon, 2017).

Table 1. Physicochemical characteristics of maggot oil

Properties

Mechanical pressing

Soxhlet method

Moisture content? 0.468 %

0.643 %

Acid Value

1.693 + 0.127 mg KOH/g oil

1.702 + 0.116 mg KOH/g oil

Saponification Value

159.626 * 0.633 mg KOH/g oil

157.556 + 2.109 mg KOH/g oil

Peroxide Value2

13.56 meq 0,/kg oil

14.49 meq 0, /kg oil

Free Fatty Acids (FFA)

0.603 £ 0.045%

0.607 +0.042 %

Elemental analysis?

N 0.54 % 0.25%
C 74.56 % 76.82 %
H 10.56 % 11.23 %
S 0 0
0 11.59 % 11.21%
Density (p) 0.914 £ 0.002 g/mL 0.908 £ 0.0005 g/mL
Viscosity (31 °C) 0.00257 £ 0.00027 Pa-s 0.00139 £ 0.00004 Pa-s

a Moisture content, peroxide value, and elemental composition were determined by an external analytical laboratory
as single measurements; therefore, standard deviations could not be calculated for these parameters.

In this study, the saponification value of
maggot oil obtained via the mechanical pressing
method was 159.626 + 0.633 mg KOH/g oil, and
via the Soxhlet method was 157.556 + 2.109 mg
KOH/g oil. These saponification values are
comparable to the range documented for
maggot oil in previous studies, namely
approximately 150 to 200 mg KOH per gram of
oil (Chew et al, 2025; Chia et al, 2018),
suggesting that medium-chain fatty acids,
particularly acid, important
components of maggot oil (Chew et al., 2025;
Spranghers et al., 2017; Surendra et al,, 2016).

lauric are

The results of the study showed that the
peroxide value of maggot oil obtained by
mechanical pressing was 13.56 meq 0,/kg of
oil, whereas that obtained by the Soxhlet
method was 14.49 meq 0,/kg of oil (Chia et al,,
2018; Ismail et al, 2020). The higher value
observed in the Soxhlet method may be due to
heating during extraction, which can accelerate
fat oxidation and the formation of
hydroperoxides (Shahidi & Zhong, 2010;
Zhuang et al., 2022).

Maggot oil produced by the mechanical
pressing method had a composition of 0.54% N,
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74.56% C, 10.56% H, 0% S, and 11.59% O,
whereas maggot oil produced using the Soxhlet
method had a nitrogen (N) content of 0.25%,
carbon (C) of 76.82%, hydrogen (H) of 11.23%,
sulfur (S) of 0%, and oxygen (0) of 11.21%. The
high carbon and hydrogen contents indicate
that maggot oil is a lipid-rich material with
potential for energy-related applications as well
as other bio-based products (Atabani et al,
2012; Demirbas, 2008; Knothe & Razon, 2017).
In addition to influencing the calorific value, the
elemental composition reflects the chemical
characteristics of the extracted oil and may
affect its suitability for downstream industrial
and biotechnological applications.

From the CHNS/O ratio obtained, the
Higher Heating Value (HHV) can be calculated;
this is an important parameter for evaluating
the suitability of the oil for use as a biofuel
source because it reflects the energy produced
during optimal 2025;
Sheng & Azevedo, 2005), is primarily influenced
by carbon and hydrogen content, while high
oxygen levels can reduce this value (Abbasi,
2025; Sheng & Azevedo, 2005). CHNS/O
analysis indicates that the HHV of maggot oil
obtained by mechanical pressing is 37.26 M] /kg,
whereas the Soxhlet method yields 38.88 M] /kg.

The higher HHV in the Soxhlet method is
associated with higher carbon and hydrogen
content. The higher HHV obtained for Soxhlet-
extracted oil is associated with its higher
carbon and hydrogen contents, suggesting
improved energy density. Nevertheless, the
comparable elemental compositions of both oils
indicate that each extraction method produces
lipid-rich oils with potential for different
downstream applications depending on the
desired physicochemical properties.

The results show that the density of
maggot oil obtained by mechanical pressing
was 0.914 + 0.002 g/mL, whereas that obtained
by the Soxhlet method was 0.908 * 0.0005
g/mL. The density of the oil obtained via the
Soxhlet method is more comparable to the
typical density of vegetable oils, which ranges

combustion (Abbasi,
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from 0.90-0.93 g/mL (Knothe & Razon, 2017;
Shahidi & Zhong, 2010).

In addition, the viscosity of maggot oil
obtained by mechanical pressing was 0.00257 *
0.00027 Pa-s, whereas that obtained by the
Soxhlet method was 0.00139 * 0.00004 Pa-s.
The viscosity of this oil can be influenced by the
carbon-chain length and degree of saturation of
the fatty acids that compose it. Fatty acids with
longer carbon chains and higher saturation
levels tend to increase the oil's viscosity
(Knothe & Razon, 2017; Maanari et al., 2023).
The compound composition of maggot oil from
GC/MS analysis using the mechanical pressing
and Soxhlet extraction methods is shown in
Table 2.

GC/MS analysis of maggot oil obtained via
mechanical pressing revealed that the major
detected components were a range of saturated
and unsaturated fatty acids, along with
glyceride derivatives, which are the primary
lipid constituents in Hermetia illucens larvae
(Makkar et al., 2014; Spranghers et al,, 2017).
The highest
percentage was glyceryl trilaurate (22.19%),
followed by hexadecanoic acid (16.45%), 11-
octadecenoic acid (14.22%), and decanoic acid
(12.44%), indicating that maggot oil contains
triglycerides and medium- to long-chain fatty
acids commonly found in insect lipids (Ismail et
al, 2020; Van Huis et al., 2013). Additionally,
other compounds were detected, such as 9,12-
hexadecadienoic acid (6.29%), octadecanoic
(3.13%), di-oleoyl-glycerol (9.78%),
monostearin  (3.03%), and monopalmitin
(0.78%), which also indicate the presence of
glyceride components and free fatty acids that
are the main constituents of the oil (Ismail et al.,
2020; Surendra et al., 2016). This composition
also indicates that maggot oil obtained by
mechanical pressing still
complex lipid fractions, such as mono- and
diglycerides, because the extraction is
performed without solvents, thereby enabling
the mechanical separation of lipids from the

compound with the area

acid

contains various
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biomass tissue (Van Huis et al., 2013; Van Huis
etal., 2020).

As shown in Figure 1, the chemical group
composition further supports this observation.
Maggot oil extracted by the Soxhlet method
(Figure 4a) was dominated by fatty acids, which
accounted for approximately 98.99% of the
detected compounds. In contrast, maggot oil
obtained by mechanical pressing (Figure 4b)

showed a more diverse chemical profile,

consisting mainly of fatty acids (59.63%) and
lipids (35.82%), with smaller
contributions from sterols, aldehydes, and fatty
alcohols. This indicates that Soxhlet extraction
tends to favor the recovery or detection of fatty
acid compounds, whereas mechanical pressing
retains a broader range of lipid fractions,
including glyceride derivatives
bioactive components.

complex

and minor

Table 2. Chemical composition of maggot oil extracted using two different methods.

% Area
No Compounds Mechar.ucal Soxhlet SI
pressing
1 Decanoic acid 12.44 1.18 96
2 Dodecanoic acid 1.55 37.64 97
3 Tetradecanoic acid 2.22 5.86 97
4 Arachidonic acid 1.21 - 86
5 9-Hexadecenoic acid 0.77 - 93
6 Hexadecanoic acid 16.45 21.03 96
7 9,12-Hexadecadienoic acid 6.29 - 95
8 11-Octadecenoic acid 14.22 - 95
9 9-Octadecenoic acid (Z)- 0.69 21.40 96
10 Octadecanoic acid 3.13 4.31 96
11 Di-oleoyl-glycerol 9.78 - 93
12 Monopalmitin 0.76 - 85
13 Monostearin 3.09 - 86
14 10-oxo-octadecanoic acid 0.66 - 87
15 13-Octadecenal, (Z)- 0.80 - 88
16 9,12-0Octadecadien-1-ol 1.05 - 88
17 Cholesterol 1.47 - 89
18 Glyceryl trilaurate 22.19 - 85
19 Stigmast-5-en-3-ol, (3.beta.,24S)- 1.23 - 90
20 Phenol, 3,5-bis(1,1-dimethylethyl)- - 1.00 93
21 9,12-Octadecadienoic acid (Z,7)- - 7.58 95

GC/MS analysis of larval oil obtained
through Soxhlet extraction revealed that free
fatty the predominant
components, primarily dodecanoic acid
(37.64%), (Z)-9-octadecenoic acid (21.4%), and
hexadecanoic acid (21.03%), which are the
major fatty acids commonly found in Hermetia

acids constituted

illucens maggot oil. Other compounds were also
detected, including tetradecanoic acid (5.86%),
octadecanoic acid (4.31%), and 9,12-
octadecadienoic acid (7.58%); these results
indicate that the larval oil is composed of both
long-chain saturated and unsaturated fatty

acids (Ismail et al., 2020; Srisuksai et al., 2024).
This is due to the effectiveness of the solvent, n-
hexane, and the high temperature used to
extract and simultaneously break down complex
lipids in the larval oil (Azmir et al., 2013; Ismail
et al, 2020). Therefore, the Soxhlet method
tends to yield a simpler lipid profile dominated
by fatty acids, as organic solvents can dissolve
triglycerides and separate them from the
biomass more  effectively than
mechanical pressing methods (Bligh & Dyer,
1959).

matrix
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Figure 4. Chemical group composition of maggot oil extracted by (a) the Soxhlet method and (b) mechanical

pressing.

Based on the results of maggot oil
characterization, maggot oil as a whole shows
potential as a potential renewable feedstock for
biodiesel production, oleochemical industries,
and various biotechnological applications due
to its substantial lipid content and abundance of
medium-chain saturated fatty acids (Monita et
al, 2017). Maggot oil obtained via Soxhlet
extraction yields a higher yield due to the
superior ability of organic solvents to extract
triglycerides more effectively than mechanical
pressing, resulting in a fatty acid profile more
suitable for conversion into biodiesel (Atabani
et al,, 2012). The Soxhlet-extracted oil exhibited
low moisture content, acid value, and free fatty
acid (FFA) levels. These characteristics support
the effectiveness of the transesterification
process and improve biodiesel quality (Fitria et
al,, 2025; Meher et al., 2006; Umeh & Okonkwo,
2025). In contrast, pressing
generally results in a lower oil yield while
preserves minor compounds and bioactive
components, as
solvents or high temperatures (Franco et al.,
2021; Camara-Ruiz et al.., 2023). Therefore, this
method is

mechanical

it does not use chemical
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more environmentally friendly and ideal for use
in non-energy applications (Azmir et al.,, 2013;
Chia et al; 2018). These minor constituents,
including sterols and other bioactive
compounds, may have potential applications in
oleochemical, cosmetic, and bio-based chemical
industries (Shahidi & Zhong, 2010).

Furthermore,
composition between mechanically pressed and
Soxhlet-extracted oils may also affect their
suitability for biotechnological applications.
Mechanically pressed oil, which retained a
higher proportion of triglycerides and bioactive
minor compounds, may be more suitable for the
development of nutraceuticals, cosmetics, and
lipid-based bioproducts. In contrast, Soxhlet-
extracted oil, with its higher free fatty acid
content and extraction efficiency,
advantageous as a feedstock for microbial
bioprocesses and enzymatic lipid conversion
(Franco etal., 2021; Suryati et al., 2023). Table 3
compares mechanical pressing and Soxhlet
extraction in terms of extraction principle, oil
yield, processing time, and operating costs,
highlighting  the advantages
limitations of each method.

differences in  lipid

may be

main and
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Table 3. Comparison of maggot oil extraction methods.

Aspect Mechanical pressing

Soxhlet

Separation of oil using
mechanical pressure

Extraction principle

Solubilization of lipids using n-hexane through
reflux and siphoning

Oil yield 22.45%

34.60%

Time

Relatively short processing time.

Relatively longer processing time due to
repeated extraction cycles.

Operating costs
as raw material.

Lower, as only maggots are used

Higher, as a solvent must be used

CONCLUSION

The results demonstrated that the Soxhlet
method produced a higher maggot oil yield of
34.6%, with a fatty acid profile predominantly
composed of dodecanoic acid, 9-octadecenoic
acid, and hexadecanoic acid. In addition, its
physical properties, particularly density and
viscosity, were more comparable to those of
conventional oil, suggesting greater suitability
for energy-related applications, including
biodiesel production, as well as other industrial
processes requiring high lipid recovery. In
contrast, maggot oil through
mechanical pressing yielded a lower oil
recovery of 22.45% and was still dominated by
triglycerides, including glyceryl trilaurate,
hexadecanoic acid, 11-octadecenoic acid, and
decanoic acid. This characteristic suggested that
it was more suitable for oleochemical, cosmetic,
and biotechnological applications or derivative
products that require a more environmentally
friendly process and the preservation of the
natural lipid structure. Overall, the choice of

obtained

extraction method substantially influenced the
yield and lipid composition of Hermetia illucens
oil, highlighting the importance of selecting an
appropriate extraction technique according to
the intended downstream application.
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