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Abstract. Nutmeg (Myristica fragrans Houtt.) is valued for its essential oil,
rich in bioactive compounds with applications in pharmaceuticals, food, and
cosmetics. This study compared three extraction methods, water steam
distillation (WSD), supercritical fluid extraction (SFE), and pressurized
liquid extraction (PLE), to evaluate oil yield and quality. Parameters
analyzed included yield, physical characteristics (color, aroma), specific
gravity, refractive index, ethanol solubility, evaporation residue, essential
profile, functional groups, and antioxidant activity. Oil yields varied: 24-
hour WSD (3.20%), 36-hour WSD (3.50%), 48-hour WSD (2.63%), SFE
(2.43%), and PLE (21.52%). FTIR revealed functional group differences,
notably in PLE oil. GC-MS showed myristicin levels of 40.80% (SFE),
24.91% (36-hour WSD), and 21.05% (PLE). Antioxidant activity also
differed: 36-hour WSD (41.81%), SFE (83.82%), and PLE (88.81%). These
variations were influenced by extraction temperature, pressure, and solvent
type. The study highlights that modern techniques, especially PLE and SFE,
offer promising alternatives to traditional distillation, producing oils with
higher bioactivity. Further research is needed to assess total phenolic content
and explore other bioactivities, such as antibacterial effects, to fully
characterize the functional potential of nutmeg essential oil.

1 Introduction

Nutmeg (Myristica fragrans Houtt.) is one of Indonesia's spice and essential commodities
with a high export value, where 75% of the world's nutmeg needs come from Indonesia. The
two main parts of nutmeg that are economically valuable are the seed and mace nutmeg, both
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of which can produce essential oils that are generally used as basic ingredients in the food,
pharmaceutical, and cosmetic industries. Essential oil or etheric oil has an odor and contains
volatile chemical compounds at room temperature. The main compound contained in nutmeg
seeds and mace is myristicin. Besides, there are also several other compounds, such as a-
pinene, sabinene, y-terpinene, safrole, limonene, methyl eugenol, and so on [1]. These
compounds can function as antioxidants, antibacterials, antidiabetics, anticancers, and
analgesics. Hydrodistillation and supercritical fluid extraction are commonly used methods
for extracting nutmeg essential oil [2].

There are three types of hydrodistillation methods: water distillation, water steam
distillation, and steam distillation. The boiling or water distillation method is done by
immersing the whole material with boiled water. In general, this method is used to extract
essential ingredients in powder form or have properties that easily clot so that hot steam
cannot pass through the material, such as flowers (rose petals). In the water steam distillation
method, the cooking water and the raw material are given an additional tool in the form of a
grid to prevent direct contact between the material and water. As for the steam distillation
method, the extraction process is carried out using a steam generator so that the ingredients
and steam are in different boilers. This method is used to extract materials in which there are
compounds with high vapor points and hard materials such as roots and plant wood on a large
scale. Of these three methods, the most used method for nutmeg extraction is water steam
distillation. Water steam distillation is often the first choice because the resulting oil yield is
usually relatively high [3]. Compared to the water distillation method, the lack of direct
contact between water and materials is an advantage because it can minimize the possibility
of hydrolysis in oil. Hydrolysis is one of the chemical reactions caused by the reaction
between water and oil-containing esters; the reaction will later form acids and alcohols. The
oil hydrolysis process will continue if the amount of water used in the distillation process is
large enough. This hydrolysis can decrease the yield of nutmeg essential oil. The supercritical
fluid extraction method can help overcome the hydrolysis of materials. This can happen
because, in the extraction process, this method uses Carbon Dioxide (CO2) gas. This gas will
work supercritically, and its state will be influenced by the temperature and pressure given.
The critical point of CO2 is at a temperature of 31°C with a pressure of 74 bar or 1073 Psi
[4,5].

The supercritical fluid extraction method can maintain the aroma and improve the quality
of product purity, so this method can potentially extract essential oils from various plants,
especially flowers and spices [6,7]. Another alternative that can be used to extract essential
oils is the pressurized liquid extraction method. This method uses accelerated solvent
extraction tools, which usually add distilled water or ethanol solvents to the extraction
process. Because the temperature and atmospheric pressure are high in a short time, this
method can optimize the extraction process of the material. In addition, the extraction results
obtained are significant; the extract produced is clean, and using solvents is not much which
is also an advantage of using this method [8.9]. Generally, the yield of essential oil contained
in nutmeg seeds ranges from 2-15%. The quality standard used as a reference in this research
is SNI 06-2388-2006 regarding nutmeg oil quality requirements. Namely, the color of the oil
produced should be colorless to pale yellow, smelling typical of nutmeg oil, and the minimum
standard of myristicin content contained in nutmeg oil is 10%. However, the optimal duration
for nutmeg seed extraction using the water steam distillation method remains unclear, and
the specific characteristics of the essential oil obtained through supercritical fluid extraction
and pressurized liquid extraction methods have not yet been comprehensively elucidated.
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2 Materials and methods

2.1 Time and place

This research was conducted from February 2024 to May 2024 at the Laing Agricultural
Instrument Standards Testing and Application Installation (IPPSIP), Solok, West Sumatra,
Indonesia. It was also conducted at the Sarjana Building Laboratory, Siswazah Laboratory,
Food Chemical Analysis Laboratory, and Food Instrumentation Laboratory of the Faculty of
Applied Sciences, Universiti Teknologi MARA, Shah Alam, Selangor, Malaysia.

2.2 Material and tools

The raw material used in this research was old nutmeg seeds. Chemicals to be used for
analysis are diatomaceous earth, GC grade ethanol, GC grade methanol, distilled water,
diethyl ether, 0.1 N silver nitrate (AgNO3) solution, 0.0002 N sodium chloride (NaCl)
solution, 25% nitric acid (HNO3) solution, 90% ethanol, ascorbic acid (vitamin C), 2,2-
diphenyl-1-picrylhdrazyl (DPPH), syringe filter, aluminum foil, and mony]l cloth. Tools used
to extract nutmeg essential oil include water steam distillation, supercritical fluid extraction,
pressurized liquid extraction (Dionex ASE 350), grinder, separator flask, and dark glass
bottle. Tools used for analysis were rotary vacuum evaporator, round bottom flask,
centrifuge, Agilent 7890B Gas Chromatography-Mass Spectrometry (GC-MS), water bath,
hot plate, refractometer, Fourier Transform Infrared Spectroscopy (FTIR) PIKE miracle,
vortex, UV-VIS spectrophotometer, glass cuvette, oven, analytical balance, test tube, test
tube rack, spatula, thermometer, desiccator, erlenmeyer, vial bottle, porcelain cup, dropper
pipette, micropipette, pipette tip, measuring glass, glass funnel, and beaker glass.

2.3 Research design

This research uses a descriptive method; the data is presented in qualitative and quantitative
form, where data will be described based on numerical data in the form of scores, average
values, and graphs. This research compared the physical characteristics of nutmeg seed
essential oil obtained through the water steam distillation method, including color and aroma,
specific gravity, refractive index, solubility in ethanol, and residual evaporation. In addition,
this study also looked at the differences in yield, essential profile, functional groups, and
antioxidant activity of nutmeg seed essential oil produced through three extraction methods:
water steam distillation, supercritical fluid extraction, and pressurized liquid extraction [10-
12].

3 Result and discussion

3.1 General results

The yield and quality of essential oil extracted from Myristica fragrans (nutmeg seeds) varied
significantly depending on the extraction method and duration. The highest yield was
obtained using the Pressurized Liquid Extraction (PLE) method at 21.52%, a result that
reflects the effectiveness of solvent extraction under elevated pressure and temperature.
Ethanol, when pressurized and heated, enhances its ability to penetrate plant tissues and
dissolve essential oil components more efficiently. This mechanism allows for greater
recovery of both volatile and semi-volatile compounds embedded within the seed matrix.
Superecritical Fluid Extraction (SFE), on the other hand, produced the lowest yield at 2.43%.
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This outcome can be attributed to the high selectivity of supercritical CO-, which often
requires precise optimization of temperature, pressure, and the use of co-solvents to extract
a broad spectrum of compounds. Without optimized parameters, SFE tends to extract only
lighter, more volatile fractions, leaving behind heavier constituents that contribute to higher
yields in other methods. The Water Steam Distillation (WSD) method produced a moderate
and time-dependent yield. The oil yield increased progressively with duration, peaking at 36
hours (3.50%) and then decreasing at 48 hours (2.63%). This trend indicates an initial phase
of efficient extraction followed by a decline, possibly due to degradation of thermolabile
compounds or re-condensation losses. Over-distillation may also lead to the breakdown or
polymerization of some bioactive components, reducing the net yield despite prolonged
exposure. In terms of physical and chemical characteristics, all WSD-derived oils were
compliant with the Indonesian National Standard (SNI 06-2388-2006). The color of the oils
ranged from pale yellow to darker yellow hues, with color intensifying as distillation time
increased—Ilikely a result of mild thermal degradation or concentration of colored
degradation products. The characteristic aroma of nutmeg oil was preserved in all treatments
and became more pronounced with longer durations, suggesting the accumulation of
aromatic compounds, especially sesquiterpenes and phenylpropanoids. Specific gravity
values between 0.88—0.89 N/m? and refractive index values between 1.48—1.49 are consistent
with high-quality nutmeg oils. The excellent solubility of all samples in ethanol indicates the
absence of excess waxes or resins, reflecting the chemical purity of the distillates. However,
the evaporation residue slightly exceeded the 2% SNI threshold in all treatments, potentially
due to prolonged heating and the presence of less volatile fractions that remain after the major
constituents have evaporated. Such residues may also include early polymerization products
or oxidized compounds that increase the non-volatile mass fraction. The content of
myristicin, one of the most significant bioactive components in nutmeg oil, increased steadily
with longer distillation times, reaching a maximum of 28.74% at 48 hours. This pattern
reflects the gradual extraction of high-boiling compounds, as myristicin has a boiling point
of approximately 276.5°C. This behavior is typical in steam distillation processes where
heavier or more complex molecules are extracted at later stages. Despite some degradation
risks, prolonged distillation still allows recovery of such constituents in higher
concentrations. All WSD treatments exceeded the minimum standards for myristicin content
(10%) established by national and international quality benchmarks. These results confirm
the suitability of the methods tested for producing functionally active and high-quality
nutmeg essential oil. In conclusion, PLE delivered the highest overall yield due to efficient
solvent interaction under controlled pressure and temperature conditions, but may not always
be feasible for industrial application due to equipment and solvent handling requirements.
Meanwhile, WSD for 36 hours provided a favorable balance between oil yield, chemical
quality, and practical scalability. Compared to alternative methods, this approach emerges as
a viable technique for essential oil producers seeking high-quality nutmeg oil with good
compliance to regulatory standards [13-15].

3.2 FTIR analysis

Fourier Transform Infrared (FTIR) spectroscopy is a widely utilized analytical technique to
identify and characterize functional groups within materials based on their interaction with
infrared (IR) radiation. When a sample is exposed to IR radiation, molecular vibrations are
induced, resulting in specific absorption or transmission patterns unique to the functional
groups present [13]. In this study, FTIR analysis of nutmeg (Myristica fragrans Houtt.) seed
essential oil was conducted in the wavenumber range of 4000-650 cm™. Figure 1 illustrates
the FTIR spectra of nutmeg essential oil extracted using three different methods: Water
Steam Distillation (WSD), Supercritical Fluid Extraction (SFE), and Pressurized Liquid
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Extraction (PLE). These spectra reveal the functional group variations attributable to
differences in extraction conditions such as temperature, pressure, solvent polarity, and
extraction duration. Such variables significantly influence the composition and concentration
of bioactive compounds in the essential oil. It can be summarizing the interpretation of
functional groups identified through FTIR analysis. Notably, the O-H stretching vibration,
indicative of hydroxyl groups, was detected at 3320.13 cm™* exclusively in the PLE extract.
Aliphatic C-H sp? stretching, characteristic of saturated hydrocarbon chains, was present
across all samples at ~2922-2972 cm™, suggesting compounds like myristicin and sabinene
[14]. Aromatic C=C stretching, typical of aromatic rings, was observed at ~1502—1505 cm™!
in the WSD and SFE samples, but absent in PLE. CH. methylene bending appeared
consistently around 1430-1450 cm™, while C-O-C ether functional groups showed dual
absorptions around 1235-1274 cm™ and 1041-1045 cm™, common in ether-containing
compounds. Additionally, aromatic in-plane C-H bending vibrations were observed near
1086—1091 cm™ in all extracts. The FTIR profiles confirm the presence of various functional
groups—aliphatic C-H, aromatic C=C, CH2 methylene, C-O-C ether, and aromatic C-H
bending—supporting the presence of key bioactive components such as myristicin, sabinene,
and safrole in nutmeg essential oil. These findings demonstrate that extraction method
significantly influences the functional group profile and potentially the pharmacological
properties of the essential oil.
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Fig. 1. FTIR data of nutmeg oil that extracted from three different technique

3.3 GCMS analysis for volatiles compounds

Gas Chromatography-Mass Spectrometry (GC-MS) analysis was used to evaluate the quality
and identify and determine the relative percentage of the constituent compounds. GC-MS
analysis was conducted on the three nutmeg seed extraction methods: water steam distillation
(WSD) with a 36-hour treatment, supercritical fluid extraction (SFE), and pressurized liquid
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extraction (PLE). Figure 2 indicates the volatile compounds in the nutmeg oil. From table 1,
it shows that myristicin is the main compound in nutmeg essential oil, with the highest area
percentage across all extraction methods: 24.91% (WSD 36), 40.80% (SFE), and 21.05%
(PLE). These values far exceed the minimum myristicin content requirement of 10% as
specified by the Indonesian National Standard (SNI) 06-2388-2006. In addition, sabinene is
categorized as a significant compound in nutmeg essential oil, particularly in the WSD 36
method (12.92%). However, its content was significantly lower in the SFE and PLE methods,
at 0.35% and 1.44%, respectively. This suggests that myristicin and sabinene considerably
contribute to nutmeg essential oil's aroma and bioactive properties.

Table 1. Profile of essential compounds in nutmeg seed essential oil

Compound name Area (%)

P WSD 36 SFE PLE
a-pinene 8,48 0,20 0,24
Sabinene 12,92 0,35 1,44
B-pinene 7,12 0,45 0,87
0-3-carene 0,60 - 0,06
y-terpiene 4,01 0,44 0,71
1,8-cineole 0,15 - 0,10
Linalool 0,29 0,19 0,21
Terpinen-4-ol 9,23 6,74 2,54
safrole 4,25 2,20 2,29
methyleugenol 0,58 0,63 0,37
myristicin 2491 40,80 21,05

a-pinene myrifticin
(Sﬂbiﬂeﬂe Water Steam Distillation 36 H
y-terpinene
= [
‘.Zs ~myristicin
‘»
c
()
E Supercritical Fluid Extraction
g terpinen-4-ol
% sabinene hydrate
© AN I W
0: myristicin
Pressurized Liquid Extraction
safrole /T~ m A

10 20 30 40 50 60 70
Retention time (min)

Fig. 2. GC-MS chromatogram of nutmeg seed essential oil
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Table 1 shows that myristicin is the main compound in nutmeg essential oil, with the highest
area percentage across all extraction methods: 24.91% (WSD 36), 40.80% (SFE), and
21.05% (PLE). These values far exceed the minimum myristicin content requirement of 10%
as specified by the Indonesian National Standard (SNI) 06-2388-2006. In addition, sabinene
is categorized as a significant compound in nutmeg essential oil, particularly in the WSD 36
method (12.92%). However, its content was significantly lower in the SFE and PLE methods,
at 0.35% and 1.44%, respectively. This suggests that myristicin and sabinene considerably
contribute to nutmeg essential oil's aroma and bioactive properties.

Other significant compounds identified include terpinen-4-ol, a-pinene, and f-pinene.
The analysis also revealed several minor compounds such as safrole, y-terpinene, 6-3-care,
methyl eugenol, linalool, and 1,8-cineole. The area percentage of safrole in the WSD 36
method was 4.25%; in SFE, it was 2.20%; and in PLE, it was 2.29%. According to the
International Fragrance Association (IFRA), safrole is carcinogenic and poses a significant
toxicity risk; hence its usage must be limited. According to ISO, the maximum safrole content
allowed in nutmeg essential oil is 2.5%.

3.4 Antioxidant activity

Antioxidant activity analysis was performed by calculating the percentage of the average
value of inhibition of nutmeg seed essential oil and compared with the rate of the average
value of ascorbic acid. The antioxidant activity of nutmeg seed essential oil was analyzed
using the DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical absorption method, where
DPPH is a compound containing a reactive N (nitrogen) group and has a strong UV
(ultraviolet) absorption at a wavelength of 517 nm. Ascorbic acid is used as a positive control
or a comparison solution for the sample. The results of the antioxidant activity analysis of
nutmeg essential oil can be seen in Table 2.

Table 2. Antioxidant activity of nutmeg seed essential oil

Treatment ‘.’/ohs.al.n.p le % ascorbic acid
(avl:r::;t)linsn inhibition (Rata-rata)
Water Steam Distillation 36 H 41,81 +2,89
Supercritical Fluid Extraction 83,82 +£2,31 95,58
Pressurized Liquid Extraction 88,81 £0,48

The analysis showed that ascorbic acid at a concentration of 1,000 ppm exhibited very
high antioxidant activity, reaching 95.58%. Meanwhile, nutmeg essential oil extracted using
the water steam distillation (WSD) method for 36 hours, supercritical fluid extraction (SFE),
and pressurized liquid extraction (PLE), each at a concentration of 10,000 ppm, demonstrated
differences in antioxidant activity. The WSD 36-hour method had the lowest antioxidant
activity, with a value of 41.81%. In contrast, the SFE method resulted in significantly higher
antioxidant activity, reaching 83.82%. Moreover, nutmeg essential oil obtained from the PLE
method exhibited the highest antioxidant activity among all methods, with a value of 88.81%.
However, compared to ascorbic acid as a positive control, the antioxidant activity of nutmeg
essential oil obtained from the WSD 36-hour, SFE, and PLE methods remains lower.

The high antioxidant activity obtained from the SFE and PLE methods can be
influenced by several factors, one of which is the extraction of non-volatile compounds such
as licarin A and licarin B. Licarin A and licarin B are secondary metabolites in nutmeg seeds
that belong to the neolignan group, which are known to have strong antioxidant properties.
Structurally, these two compounds contain hydroxyl (-OH) and methoxy (-OCH3) groups,



BIO Web of Conferences 186, 03001 (2025) https://doi.org/10.1051/bioconf/202518603001
ISOTOBAT 2025

which can play a role in scavenging free radicals [15]. The use of supercritical CO: in the
SFE method and high-pressure ethanol in the PLE method can enhance the phenolic
compounds in the extract. Thus, the presence of these phenolic compounds may be the key
factor contributing to the high antioxidant activity in both the SFE and PLE methods.

4 Conclusion

Based on the research findings and analysis, significant differences were observed in the
characteristics of nutmeg (Myristica fragrans Houtt.) seed essential oil extracted using water
steam distillation (WSD), supercritical fluid extraction (SFE), and pressurized liquid
extraction (PLE). The yield of essential oil varied across methods, where WSD showed an
increasing trend with extended extraction time up to 36 hours (3.50%) but decreased at 48
hours (2.63%) due to potential decomposition and hydrolysis. SFE yielded 2.43%, while PLE
demonstrated the highest yield at 21.52%, likely due to the co-extraction of fatty acids and
phenolic compounds. FTIR analysis revealed variations in functional group composition,
particularly the presence of O-H stretching at 3320.13 cm™ in the PLE extract, indicating the
contribution of phenolic compounds that enhance antioxidant properties. GC-MS profiling
showed that the highest myristicin content was obtained through SFE (40.80%), followed by
WSD at 36 hours (24.91%) and PLE (21.05%), suggesting that SFE is more effective in
extracting volatile aromatic compounds. In terms of antioxidant activity, PLE and SFE
extracts exhibited significantly higher activities at 88.81% and 83.82%, respectively,
compared to WSD at 36 hours (41.81%). These differences are attributed to variations in
temperature, pressure, and solvent type used in each method. Overall, the findings indicate
that the extraction method strongly influences the yield, chemical composition, and
bioactivity of nutmeg essential oil, with PLE being most effective in terms of yield and
antioxidant potency, while SFE offers a higher concentration of targeted bioactive
compounds like myristicin.

This research was funded by research grant of DIPA Fakultas Teknologi Pertanian Universitas
Andalas 2025 ID 12/PL/PN-UNAND/FATETA-2025.
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