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OBJECTIVESNutmeg seeds contain essential oils and fats, are
widely used in the cosmetic and pharmaceutical industries.
This research aims to determine the yield, physicochem-
ical characteristics and fat composition of nutmeg seeds
extracted from Ultrasonic-Microwave Extraction (UMAE).
METHODS The research used a factorial completely random-
ized design (CRD) method with the independent variables,
length of extraction time (45, 90, 135 min) and microwave
power (300 and 450 watts). The dependent variables in this
research are yield, melting point, specific gravity, acid num-
ber and saponification number. RESULTS The results showed
that the highest fat yield of nutmegwas 30.48% at 300Watts
and 135 min. The physicochemical characteristic of nutmeg
fat was yellow with specific gravity, melting point, acid num-
ber and saponification number were 0.96, 52.4 °C, 16.69 mg
KOH/g fat and 254.96 mg KOH/gram fat. CONCLUSIONS Gas
Chromatography-Mass Spectrometry (GC-MS) results show
that the fat composition is trichloromethyl, isopropyl phos-
phoranidothioic acid and lauric acid triglyceride which have
potential as cosmetic rawmaterials.

KEYWORDS cosmetic ingredients; extraction; fat; nutmeg
seeds; UMAE

1. INTRODUCTION

The nutmeg tree (Myristica fragrans) is a plant native to In-
donesia that has a lush structure and fruits with high eco-
nomic value (Jose et al. 2016; Budiastra et al. 2021). Beyond its

flavorful seeds, the cultivation of nutmeg plays a crucial role
in the local economy, providing livelihoods formany farmers
and supporting various related industries. For instance, the
nutmeg shell has been utilized as a precursor for activated
carbonproduction due to its high carbon content andporous
structure (Elisa et al. 2024). However, our study will explore
other functions, such as utilizing nutmeg seeds, which are
rich innutritionalandmedicinalproperties (Okikietal. 2023),
and theyhave been traditionally used as a spice, serving both
as a preservative and an aromatic agent in food preparation
(Loizzo et al. 2016). Beyond their culinary uses, nutmeg seeds
also play a vital role in traditional medicine, where they are
believed to possess various health benefits, including anti-
inflammatory and analgesic properties. This wide range of
applications underscores the importance of nutmeg in both
cultural practices andmodern industries.

Nutmeg seeds contain volatile essential oils (±10%) and
fixed oils (±25-30%) (Jose et al. 2016), which are widely ap-
plied in the cosmetics industry (Aćimović et al. 2022). The
high oil content in nutmeg seeds not only enhances their fla-
vor but also makes them a valuable source of natural ingre-
dients in cosmetics and personal care products. These oils
contribute to the moisturizing, soothing, and aromatic qual-
ities that are sought after in beauty formulations. As con-
sumers increasingly demand natural and organic products,
the cosmetic industry has turned to nutmeg extracts as a
sustainable alternative to synthetic ingredients. The versatil-
ity of nutmeg seeds highlights the need for effective extrac-
tion methods that can maximize the yield of beneficial com-
poundswhile preserving their integrity. Traditionalmethods
of nutmeg fat extraction, such as the Soxhlet method, have
been widely used, but they have limitations in terms of time
efficiency andpotential degradation of sensitive compounds
due to prolonged heat exposure (Kozłowska et al. 2016). An-
other establishedmethod, the Folch extraction, utilizes chlo-
roform and methanol as solvents, but the use of chloroform
is increasingly restricted due to its carcinogenic nature and
associated health risks (Ivetich and Gorelkina 2020). These
challenges have led to a growing interest in alternative ex-
tractionmethods that are not onlymore efficient but also en-
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vironmentally friendly.
Recent advancements in extraction technologies

have introduced techniques such as ultrasonic extraction,
microwave-assisted extraction (MAE), and their combined
form, ultrasonic-microwave-assisted extraction (UMAE).
The ultrasonic method improves mass transfer by breaking
down plant cell walls and enhancing solvent penetration,
leading to increased extraction efficiency (Samaram et al.
2014). Studies have shown that ultrasonic extraction canpro-
duce higher yields compared to traditionalmethods,making
it an attractive alternative for industrial applications, espe-
cially in the cosmetic and pharmaceutical industries (Morsy
2016). Microwave-assisted extraction (MAE) offers the
advantage of low energy consumption and short extraction
times while effectively increasing the yield of active com-
pounds, such as phenolic substances (Aćimović et al. 2022;
Hossain et al. 2023; Shintawati et al. 2022). Furthermore, the
UMAE technique, which combines ultrasonic pretreatment
with microwave-assisted extraction, has demonstrated the
highest yield of non-volatile oil (29%) from nutmeg seeds,
aligning with ”Green Chemistry” principles by reducing
extraction time and the need for harmful solvents (Savic
Gajic and Savic 2023; Ramandani et al. 2022).

Choosing the appropriate extraction method is critical,
as it impacts both the efficiency of the process and the qual-
ityof theextractedcompounds. This researchaimstoexplore
the UMAEmethod for extracting nutmeg fat, followed by pu-
rificationwith96%ethanol, to optimize yieldwhilemaintain-
ing the integrity of the beneficial compounds present in nut-
meg seeds.

2. RESEARCH METHODS

This researchused a factorial completely randomized design
(CRD)methodwith independent variables, suchasextraction
time (45, 90, 135 min) and extraction power (300 and 450
watts), as presented in Table 1. The physicochemical proper-
ties observed are colour, acid number, saponification num-
ber, specific gravity andmelting point.

2.1 Equipments and materials

The equipment used is an ultrasonic batch (BRANSON, USA),
microwave oven (SHARP, Japan), glassware (Pyrex, USA), ana-
lyticalbalance (Sartorius,Germany), hotplate (Corning,USA),
oven (Memmert, Germany), blender (Philips, Netherlands),
a set of simple distillation equipment (Labtech, UK), melt-
ing point apparatus (Stuart, UK), 60mesh sieve (Retsch, Ger-
many) andGC-MS (ShimadzuQP2010SE). Thenutmegseeds
used come fromSinarHarapanVillage, KedongdongDistrict,
Pesawaran Regency, Lampung Province, Indonesia. Other
materials used are n-hexane, 96% ethanol, PP indicator, 0.1N
KOH, 0.5N HCl and 0.5N KOH-alcohol, were purchased from
Merck, Germany, ensuring high quality and consistency in
the experimental procedures.

2.2 Preparation of nutmeg seeds

Nutmeg seeds were dried in an oven at 50 °C for 24 hours
until constant weight (Ananingsiha et al. 2020). The dried
nutmeg seeds are ground with a blender, and sieved with a
60 mesh (Baihaqi et al. 2018). Ninety grams of nutmeg pow-
der was added with 375 mL of n-hexane solvent then soni-

catedusing anultrasonic batch at a temperature of 45 °C, fre-
quency of 40 KHz, for 40min.

2.3 Extraction and purification of nutmeg seeds through
UMAE

The sonicatedmixture of nutmeg seedswas put into a round
flask and then extracted in a microwave using power and
timeaccording to researchvariations. After completionofex-
traction, thesolidsareseparated fromthe fatextractusing fil-
ter paper. The nutmeg fat was separated from the n-hexane
solvent using a simple distillation. Purification of nutmeg fat
is carried out by adding 100mL of 96% ethanol solution then
heated to a maximum temperature of 65 °C. The mixture is
cooled in an ice bath until crystallization occurs for 2 hours.
The nutmeg fat precipitate is filtered using filter paper, then
dried at room temperature for 16 hours. The yield of fat from
purification is calculated using the Equation 1 (Ananingsiha
et al. 2020).

Yield (%w/w) =
Mass o f f at (g)

Mass o f nutmeg seed
× 100 (1)

2.4 Specific gravity analysis

Specific gravity analysis of nutmeg fat was carried out using
the AOCS method Cc 10a-25, 1993 (Nagre et al. 2011) at mod-
ified. The test was carried out at a temperature of 25°C. Spe-
cific gravity calculated using thewith Equation 2.

Specific gravity =
Mass o f f at (g)

Mass o f water [ 1 + 0.000025 (t − 25)]
(2)

2.5 Acid number analysis

A total of 1.5 g of nutmeg fat were added to 50 mL of 95%
alcohol. Then the sample was heated on a hot plate for 15
min, then titrated with 0.1N KOHwith 3 drops of PP indicator
[14]. Titration iscarriedoutuntil thesolutionchangescolor to
pink. The acid number are calculated with Equation 3. To en-
sure reliability, all measurements were performed in tripli-
cate, and the standard deviation of the resultswas calculated.

Acid number (mg KOH/g fat) =
V × N × 56.1
Mass o f sample

(3)

Where, V is the volumeofKOHused in titration (mL),N is
the normality of KOH (0.1N), and 56.1 is themolecular weight
of KOH (g/mol).

2.6 Saponification number analysis

Atotalof 1.5gof fatwasdissolved in50mlof0.5NKOHalcohol
thenrefluxed. After completion, the samplewas titratedwith
0.5NHCland3dropsofPP indicator. Thesaponificationnum-
ber are calculated with Equation 4 (Ananingsiha et al. 2020).
As with the acid number analysis, saponification measure-
ments were performed in triplicate to validate repeatability,
and standard deviations were calculated to evaluate preci-
sion.

SN (mgKOH/g f at) =
(V0 − V1)× N × 56.1

Mass o f sample
(4)
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TABLE 1. Experimental design for synergistic ultrasonic-microwave assisted extraction (UMAE) of nutmeg seed fat.

Extraction power (watt) (A) Extraction time (min) (B)
Replicates

1 2 3

300

45 A1.B1 A1.B1 A1.B1

90 A1.B2 A1.B2 A1.B2

135 A1.B3 A1.B3 A1.B3

450

45 A2.B1 A2.B1 A2.B1

90 A2.B2 A2.B2 A2.B2

135 A2.B3 A2.B3 A2.B3

Where, the saponification number (SN) is calculated us-
ing the volumes of blank HCl (Vo) and sample HCl (V1), with
HCl normality (N) being 0.5N, where SN, V0, V1, and N repre-
sent thesaponificationnumber, volumeofblankHCl, volume
of sample HCl, and normality of HCl, respectively.

2.7 Intrumental analysis

The fat with the highest yield was analyzed for its chemi-
cal compositionusingGasChromatography-MassSpectrom-
etry (GC-MS) (Shimadzu QP 2010 SE). The GC-MS was oper-
atedunder the following conditions: an injector temperature
of 250°C. The samples for GC-MS analysis were sent to the
Instrumentation Lab, Basic Physics and Chemistry Depart-
ment, Universitas Islam Indonesia.

Themeltingpoint of the fatwasdeterminedusingamelt-
ing point apparatus. A sample of fat was inserted into a cap-
illary tube, and themelting point wasmeasured once the fat
had completely melted(Nagre et al. 2011). The melting point
testingwasconductedat theChemistryLab, InstituteofTech-
nology Sumatera (ITERA).

3. RESULTS AND DISCUSSION

3.1 Effect of extraction power and time on fat yield

The results of the research showed that the nutmeg fat yield
rangedbetween27.92%-30.48%at 300watts of power,while
at 450 watts the nutmeg fat yield was 22.27% - 28.46%. This
trend can be attributed to excessive solvent evaporation at
higher power levels,which reduces the effective contact time
between the rawmaterial and the solvent, limiting fat extrac-
tion efficiency. Figure 1(a) shows that both extraction at 300
watts and 450 watts, the longer extraction time, the higher
fat yield. However, at 450 watts and an extraction time 135
min, the yield decreased. This decline may be due to signif-
icant solvent loss from prolonged high heating, leading to
inefficient fat solubilization and potential thermal degrada-
tion of extractable compounds. The yield of this research is
higher than theextractionofnutmeg fatusing theultrasonic-
assisted extraction (UAE)method, 23.86% (Ananingsiha et al.
2020) and the Soxhlet method with extraction time 6 hours
30, 36% (Hartanto and Silitonga 2018). This research shows
that heating using microwaves shortens time and increases
yield compared to heating using a heatingmantlewhich is in
line with research (Silmi et al. 2022; Shintawati et al. 2022).

3.2 Effect of extraction power and time on acid number

The results showed that the acid value ranged from 6.08 to
20.99 mg KOH/g fat. The number of nutmeg fatty acids ex-

tracted with 300 Watt increased with increasing time, this
shows the increase in free fatty acids contained in the fat. A
higher acid number is often associated with lower fat qual-
ity (Widyaningsih et al. 2014). Additionally, the acid num-
ber reflects the presence of organic acids in the fat, particu-
larly oleic and linoleic acids, which are readily extracted by
the hexane solvent (Saranaung et al. 2018). Figure 1(b) shows
that 450watts and short extraction times, the acid number is
higher compared to extraction at 300 watts, suggesting that
higher microwave power enhances the release of free fatty
acids due to the increased breakdown of triglycerides. How-
ever,withprolongedextractionat450watts, theacidnumber
decreases, which may indicate further reactions involving
free fatty acids, such as oxidation or esterification, leading to
the formation of other lipid-derived compounds. The possi-
ble conversion of free fatty acids into volatile compounds or
secondary oxidation products at higher power and extended
heating times may also contribute to this trend. In compar-
ison, Ananingsiha et al. (2020) has reported acid numbers
of 13.83–19.82 mg KOH/g fat using the UAEmethod, which is
generally higher than the values observed in this study. This
suggests that UMAE can produce better-quality fat in terms
of lower acid numbers, likely due to its ability to extract lipids
withminimal exposure to excessive heat, reducing the likeli-
hood of hydrolysis or oxidative degradation. These findings
highlight the influence of microwave power on fat quality,
where excessive heatingmay trigger complex reactions such
as oxidation, polymerization, or isomerization, ultimately af-
fecting the acid number and overall stability of the extracted
fat.

3.3 Effect of extraction power and time on saponification
number

The saponification number represents the milligrams of
KOH required to saponify 1 gram of fat or oil (Widyaningsih
et al. 2014), indicating the average molecular weight of fatty
acids within the fat. In this study, the saponification num-
ber ranged from 219.45 -254.96 mg KOH/g fat, suggesting
the presence of medium to short-chain fatty acids. A higher
saponificationnumber typically correlateswith lowermolec-
ular weight fatty acids and glycerides (Widyaningsih et al.
2014). Figure 1(c) illustratesan increasing trend in thesaponi-
fication numberwith extended extraction times, particularly
at 300 watts, which suggests the breakdown of larger lipid
molecules into smaller fatty acid fragments. This correlates
with the increase in acid number observed in Figure 1(b), re-
inforcing the idea that prolonged microwave exposure pro-
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FIGURE 1. Effect of extraction power and time on (a) yields (%), (b) acid number (mg KOH/g fat), and (c) saponification number (mg KOH/g fat).

motes lipid hydrolysis. The saponification number at 450
watts also increases with time, accompanied by a decrease
in specific gravity (Table 2). This trend implies that some
of the free fatty acids formed during high-power extraction
may undergo further reactions, such as oxidation or poly-
merization, leading to the formation of lower-density com-
pounds. The high saponification number observed in this
study aligns with previous findings on African nutmeg fat
(234–249 mg KOH/g fat) obtained through pressing, Soxhlet
extraction, and NaOH-ethanol purification methods (Nagre
et al. 2011) aswell as enzymatic pretreatment (236mgKOH/g
fat) (Chiwetalu et al. 2022). The high saponification value
also suggests good emulsification properties, meaning the
extracted fat could be suitable for soap production and other
applications requiring strong emulsifying power. Potential
degradation or transformation mechanisms contributing to
saponification number variations includes of triglyceride hy-
drolysis, thermal degradationof fatty acids, oxidationorpoly-
merization. These findings emphasize the role ofmicrowave
power and extraction duration inmodifying fat composition,
influencing its suitability for industrial applications such as
cosmetics, soap production, and emulsifiers.

3.4 Color of nutmeg fat

The color of nutmeg fat produced by UMAEmethod followed
bypurificationusing96%ethanol varies fromwhite toyellow,
as in Figure 2. The color of nutmeg fat is influenced by the

extraction power and time used. 300 watts and 135 min pro-
duced a yellow color. High power, 450watts and 135min pro-
duced awhiter fat color. This variation in color indicates that
extraction power and time significantly impact the composi-
tion and characteristics of the extracted fat. Longer extrac-
tion times at 300 watts resulted in a yellow color, likely due
to the presence of certain compounds such as triglycerides.
In contrast, 450watts of extraction power produced a whiter
fat, possibly indicating the decomposition or volatilization of
yellow compounds at higher temperatures.

The yellowcompound is thought to be a triglyceride com-
pound such as trimyristin. Trimyristin is yellowish white,
formed fromtheesterification reactionofglycerol andmyris-
tate acid and is solid at room temperature (YILDIRIM et al.
2020). Trimyristin is used in the cosmetics industry as
an emollient, skin conditioner, vitamin solvent and viscos-
ity regulator. It is important to note that the presence of
trimyristin and other triglycerides contributes to the color of
the fat and its potential utility in cosmetic applications. It is
suspected that increasing the power and extraction timewill
decompose the yellow compounds contained in nutmeg fat
and evaporate with the solvent at high heating so that the
color of the fat changes to white. In terms of product qual-
ity, thewhiter nutmeg fat produced at 450watts and 135min
is likely to have fewer yellowish compounds andmay be con-
sidered of higher purity, making it suitable for applications
requiring a more neutral fat. On the other hand, the yellow
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FIGURE 2. Color of nutmeg fat extracted at (a) 300 Watts for 45 min, (b) 300 Watts for 90 min, (c) 300 Watts for 135 min, (d). 450 Watts for 45 min, (e) 450
Watts for 90 min, (f) 450 Watts for 135 min.

fat produced at 300 watts and 135 min may contain more
triglyceride compounds like trimyristin, which could be ben-
eficial for specific cosmetic formulations. The operating con-
ditions, such as extraction power and time, clearly influence
both the color and the composition of the fat, affecting its
suitability for various industrial uses. Thecolor ofnutmeg fat
in this study is in accordance with Ananingsiha et al. (2020)
researchwhich is pale yellow in color.

3.5 Melting point

The nutmeg fat melting point as the results of this research
range from 52.4°C - 53.0°C and the specific gravity of the nut-
meg fat produced ranges from 0.96-0.98 as shown in Table
2. The results indicate that microwave power and extrac-
tion time have minimal effects on the melting point. At the
lower power level of 300watts, themelting pointsmeasured
were consistently around 52.4°C to 52.5°C across all time in-
tervals, with slight variations as the heating time increased
from 45 to 135 min. This stability suggests that prolonged

heating at moderate power does not significantly alter the
thermal properties of nutmeg fat, implying a consistent crys-
talline structure under these conditions. Conversely, at the
higher power level of 450 watts, the melting points showed
a slight increase, ranging from 52.5°C to 53.0°C. This small
but noticeable elevation suggests that higher power levels
may induce subtlemodifications in the fat’s crystalline struc-
ture, possibly due to localized overheating or minor com-
positional changes. However, the overall variation remains
small, reinforcing that nutmeg fat retains its thermal sta-
bility even under different UMAE conditions. Furthermore,
the melting point of nutmeg fat purified using ethanol in
this study aligns closely with that reported by Hossain et al.
(2023), where nutmeg fat recrystallized with acetone exhib-
itedameltingpoint of 53.0°C–54.0°C. This similarity suggests
that the UMAE method with ethanol purification yields nut-
meg fatwith comparable thermal properties to conventional
recrystallization techniques, making it a viable alternative
for extraction and purification.

TABLE 2. Effect of extraction power and time on the melting point and specific gravity of extracted nutmeg seed fat.

No. Extraction power (watt) Extraction time (min) Melting Point (°C) Specific Gravity 35/25

1 300 45 52.5 0.96

2 300 90 52.4 0.96

3 300 135 52.4 0.96

4 450 45 52.9 0.98

5 450 90 52.5 0.97

6 450 135 53.0 0.97
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FIGURE 3. GC-MS results for (a) Chromatogram nutmeg fat (b) retention time 16.420 (c) retention time 19.600, and (d) retention time 21.805.

On the other hand, the specific gravity at a power level
of 300 watts remained consistent at 0.96 across all extrac-
tion times of 45, 90, and 135min. This stability indicates that
the extraction conditions at this lower power level do not sig-
nificantly influence the density of the fat produced. In con-
trast, at the higher power level of 450watts, the specific grav-
ity values exhibit slight variations, ranging from 0.97 to 0.98.
Specifically, a specific gravity of 0.98 is recorded at 45 min,
while it slightly decreases to 0.97 for both the 90-minute and
135-minute extraction periods. The increase in specific grav-
ity at 450 watts, particularly at shorter extraction times, may
be attributed to the selective extraction of denser lipid frac-
tions or a higher concentration of minor components such
as phospholipids, sterols, and other unsaponifiable matter.
As the extractionprogresses, prolonged exposure to elevated
temperatures may lead to slight degradation or volatiliza-
tion of lighter fractions, resulting in a slight decrease in spe-
cific gravity over time. Additionally, highermicrowavepower
could induce thermal effects that alter themolecular interac-
tions within the extracted fat, influencing its overall density.
Overall, these findings imply thatwhile the specific gravity of
nutmeg fat is relatively stable at lower power levels, higher
powerconditions can lead to slight changes indensity, poten-
tially affecting the composition and quality of the extracted
fat. Understanding these specific gravity values is essential
for assessing the suitability of nutmeg fat for various appli-
cations, particularly in industries suchas cosmetics and food

products, where density and composition can significantly
influence product performance. The specific gravity of the
research results is higher than African nutmeg (Kombo) fat
reaching 0.922 (Nagre et al. 2011). The high specific gravity
of nutmeg fat as a result of this research is thought to be be-
cause the nutmeg fat content of nutmeg from Indonesia is
lower, namely 30.48%, while African nutmeg is 74.13%. The
fat content of nutmeg is influenced by plant type, planting lo-
cation and cultivation techniques.

3.6 Nutmeg fat chemicals composition

The GC-MS analysis confirmed the presence of multiple
chemical compounds in the nutmeg fat extracted under op-
timal conditions. The number of peaks detected in the chro-
matogram, as shown in Figure 3, reflects the complexity and
diversity of the extracted components. Table 3 provides a de-
tailed breakdown of the compositions, highlighting the dom-
inant compounds present in the highest-yield sample.

Table 3 shows that the nutmeg fat contain Benzene,
1,2,4,5-tetrachloro-3,6-bis(trichloromethyl) and O,O-bis(2,4-
dichlorophenyl) isopropyl phosphoranidothioic acid, both of
them are found in pesticides (BRAHUSHI et al. 2017; Janku-
loska et al. 2019). It is suspected both compounds are used
to kill pests found in nutmeg during storage. There are some
pest in nutmeg seed such as A. fasciculatus (Dharmaputra
et al. 2018). Trilaurin or lauric acid triglyceride is a satu-
ratedmediumchain fatty acidwith a 12 carbon chain and lau-
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TABLE 3. Identified chemical components in extracted nutmeg seed fat using GC-MS analysis.

Formula Component Molecular weight (g/mol) Retention time (min) Area %

C8Cl10 Benzene,
1,2,4,5-tetrachloro-3,6-
bis(trichloromethyl)

446 16.421 27.49

C15H14Cl4NO2PS O,
O-bis(2,4-dichlorophenyl)

isopropyl
phosphoranidothioic acid

443 19.599 40.85

C39H74O6 Lauric acid triglyceride 639 21.805 31.66

TABLE 4. Comparison study of nutmeg with extraction methods.

Raw materials Methods Results References

Nutmeg oleoresins UAE 40% output power; 10 min
extraction

Yield of 8.26 ± 0.01% (Morsy 2016)

Nutmeg oleoresins Maceration; 4320 min Yield of 9.63 ± 0.01% (Morsy 2016)

Nutmeg Ethanol extraction; 1 mm; 41 Hz; 7
days

DPPH of 209.8 ± 0.3 mmol TE/100;
ABTS of 619.55 ± 2.8 mmol TE/100
g; TPC of 482.9 ± 3.9 mg GA/100 g

(Poliński et al. 2022)

Nutmeg seed Soxhlet extraction with methanol
and acetone (1:7) solvent

Total phenolic content of 0.6217
mg/mL

(Panggabean et al. 2019)

Nutmeg seed 150 mL methanol Yield 4.22%; 61x104 CFU/g for
0.1% nutmeg seed

(Panggabean et al. 2019)

Nutmeg seed UMAE at 300 watts Yield of 27.92% - 30.48% This study

Nutmeg seed UMAE at 450 watts Yield of 22.27% - 28.46% This study

ric acid is dodecanoic acid (Spandana 2019). Lauric acid is
widely used in soap or cosmetic products and has antimicro-
bial properties (Su’i et al. 2016). The lauric acid content has
high solubility, increases saponification and produces excel-
lent foaming (Widyasanti et al. 2017) such as saponification
results of this research. Industry also uses lauric acid as an
emulsifier and increases the elasticity of bioplastics (Adorna
et al. 2020).

3.7 Comparison and limitations

In this section, a comparative analysis of various extraction
methods for nutmeg and its components is presented, focus-
ing on yield, antioxidant activity, and phenolic content. Ta-
ble 4, summarizes the results of different techniques, includ-
ing UAE, maceration, ethanol extraction, Soxhlet extraction,
and UMAE, highlighting the efficiency and outcomes of each
method.

The UMAEmethod shows clear advantages in both yield
and quality compared to traditional methods. Its shorter ex-
traction time and higher efficiency help produce a stronger
extract with valuable bioactive compounds, making it ideal
for industries like cosmetics and pharmaceuticals. These
results confirm that UMAE improves both yield and quality,
making it an effective extraction method. However, there
are some limitations to this study. For instance, pesticide
residues could have been extractedwith the nutmeg, and the
equipment used may not always provide consistent results.
Also, the sample sizewas small, so larger samplesareneeded
to confirm these findings. The physicochemical properties
of the UMAE-extracted nutmeg fat, like its higher yield and
quality,make it useful in cosmetics and pharmaceuticals, es-
pecially for products like skin conditioners and vitamin sol-
vents. UMAE fast process and low solvent use also make
it more cost-effective and sustainable for industrial produc-

tion,meeting the growing demand for natural ingredients in
these industries.

4. CONCLUSIONS

The extraction of nutmeg fat using theUMAEmethod proves
to be an efficient and effective process. The highest yield
of 30.48% was achieved at 300 watts of microwave power
for 135 min, indicating that the UMAE method significantly
enhances the extraction efficiency compared to traditional
techniques. Additionally, the extracted nutmeg fat demon-
strated desirable quality characteristics, including a melt-
ing point of 52.4°C, specific gravity of 0.96, an acid number
of 16.69 mg KOH/g fat, and a saponification value of 254.96
mg KOH/g. The chemical composition of the nutmeg fat
included key compounds such as 2,4-dichlorophenyl, lauric
acid, and trichloromethyl, which contribute to its potential
applications. Overall, the UMAE method not only increases
yield and quality but also reduces extraction time, making it
a promisingalternative for large-scaleproductionofnutmeg
fat.
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