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Myristicin is the key marker of nutmeg (Myristica fragrans) quality, while methyl 
eugenol is an undesirable compound requiring strict monitoring. This study 
aimed to optimize the extraction conditions of these compounds from nutmeg 
seeds and mace as a pretreatment step prior to electrochemical quantification. 
Optimization was performed using Response Surface Methodology (RSM) with a 
Box–Behnken Design (BBD), considering extraction time (h), ethanol 
concentration (%), and the sample-to-solvent ratio (g/mL) as independent 
variables. The analytes were quantified by Gas Chromatography–Mass 
Spectrometry (GC-MS), and the experimental data were modeled using Design 
Expert software. Regression models indicated that ethanol concentration and 
solvent volume significantly influenced extraction yields, while extraction time 
had a statistically minimal effect (p-values > 0.05, small effect sizes). 
Nevertheless, practical differences were observed between matrices: nutmeg 
seeds reached optimal extraction within 2 hours, whereas mace required 17 hours, 
likely due to its higher essential oil content and fibrous structure, which slows 
diffusion kinetics. Thus, although time effects were not statistically significant, 
extended extraction was practically preferred for mace to ensure adequate 
recovery. Response definitions were specified as follows: Y1 = myristicin 
concentration (mg/mL), Y2 = methyl eugenol concentration (mg/mL), and % 
extraction yield. The optimal extraction conditions were achieved with 90% 
ethanol and 50 mL solvent, maximizing analyte detectability while maintaining 
reproducibility across seed and mace extracts. These optimized ethanolic 
matrices are compatible with subsequent electrochemical quantification, given 
their aqueous/ethanolic composition and anticipated sensitivity of 
electrochemical detection. 

 

1. Introduction 

Nutmeg (Myristica fragrans), a native Indonesian 
plant, is a strategically valuable export commodity. 

Myristica fragrans Houtt., commonly known as nutmeg, 
produces two valuable spices: nutmeg and mace. Both 
have been widely used not only in culinary traditions but 
also in traditional medicine due to their broad spectrum 
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of pharmacological activities. Among the many 
pharmacological activities found in nutmeg and mace, 
myristicin is considered the main bioactive component. 
These compounds are primarily responsible for nutmeg’s 
distinctive aroma, as well as various biological properties 
such as antibacterial and anti-inflammatory effects [1], 
antiplaque [2], anticancer [3, 4], antiangiogenic [5], and 
antirheumatic [6]. 

The quality of Indonesian nutmeg as an export 
commodity remains a challenge. One of these is the 
presence of methyl eugenol, a compound reported to have 
carcinogenic potential [7, 8]. High methyl eugenol 
content can degrade nutmeg quality and limit compliance 
with international standards. Therefore, efforts are 
needed to determine the levels of hazardous substances 
and active ingredients in nutmeg. One method for 
determining these levels is using electrochemistry. 
Electrochemical methods have several advantages over 
Gas Chromatography–Mass Spectrometry, particularly in 
terms of efficiency and ease of operation. This technique 
requires lower equipment and operational costs, faster 
analysis times, and relatively simple sample preparation 
without the need for complex separation or derivatization 
processes. Furthermore, electrochemical methods can be 
developed into portable sensors for field applications and 
real-time monitoring, with lower solvent consumption, 
making them more environmentally friendly. The 
flexibility of electrode surface modification also allows 
for increased sensitivity and selectivity, making them 
ideal for rapid screening of redox-active compounds. 
Before determining the levels electrochemically, all 
compounds to be determined must first be extracted. 

Extraction is an important step prior to quantitative 
analysis, as extraction conditions greatly affect the 
results. One of the extraction methods is maceration. 
Maceration is widely used due to its simplicity, relatively 
low cost, and ability to maintain the stability of 
thermolabile compounds such as myristicin. However, 
this method has limitations, including long extraction 
times, large solvent requirements, and lower efficiency 
compared to modern techniques. Nevertheless, 
maceration remains an important basic method in 
phytochemical studies and can serve as a starting point 
for developing more efficient and cost-effective methods, 
as well as being easy to apply, since no specific apparatus 
is required [9]. 

Several studies have reported the development of 
extraction methods by optimizing maceration 
parameters [10, 11]. Determining efficient maceration 
parameters can be developed using experimental designs 
[9], including using Response Surface Methodology 
(RSM) [11]. RSM, using Expert Design software based on 
Box–Behnken Design (BBD), allows for efficient 
evaluation of variable interactions with minimal trials 
and has been successfully applied to optimize natural 
product extraction [12, 13, 14]. This approach allows for 
evaluation of interactions between variables with a 
minimal number of trials, while simultaneously 
increasing the efficiency and accuracy of extraction 
optimization [15, 16]. 

Based on this background, the study aims to 
determine optimal maceration conditions for extracting 
myristicin and methyl eugenol from nutmeg. The 
solvents to be used are water and a water-ethanol 
mixture, as analyte measurements by electrochemistry 
require aqueous solutions. The optimization objectives 
are threefold: (a) maximizing the extraction of myristicin 
and methyl eugenol, (b) enabling accurate monitoring of 
both analytes, and (c) minimizing solvent consumption. 
Ethanol was chosen due to its polarity and effectiveness 
in extracting semi-polar compounds such as myristicin 
and methyl eugenol. To evaluate its performance, ethanol 
concentration was varied within the range of 60–90%. 
The macerated nutmeg seed extract was evaporated using 
a rotary evaporator until a concentrated extract was 
obtained. This evaporation was expected to completely 
remove the ethanol solvent from the extract. 

The maceration extract with various ethanol 
concentrations was then evaporated using a rotary 
evaporator to obtain a concentrated extract. The 
concentrated extract obtained after rotary evaporation 
was free of ethanol. This concentrated extract will be used 
for actual sample measurement by dissolving it in Britton 
Robinson buffer pH 5 using the electrochemical sensor 
principle of a Glassy Carbon Electrode (GCE) modified 
with Fe3O4-graphene [17]. The results are expected to 
contribute to the detection of bioactive compounds, 
support quality standards for Indonesian nutmeg 
products, and open up opportunities for its use in the 
pharmaceutical sector and the development of natural 
product-based industries. 

2. Experimental 

2.1. Materials 

The nutmeg seed and mace samples used for 
extraction were nutmeg (Myristica fragrans Houtt.) 
purchased from farmers in Sitaro Regency, North 
Sulawesi, Indonesia. Myristicin (Sigma-Aldrich) and 
methyl eugenol standards (CV. WINGJA). The solvents 
used for extraction were analytical grade ethanol and 
hexane (Sigma-Aldrich). 

2.2. Experimental Design 

The study began with the preparation of nutmeg 
seeds and mace, which were dried and ground into 
powder. The resulting powder was used for extraction 
optimization by varying ethanol concentration (A, 60–
90%), sample-to-solvent ratio (B, 10 g sample to 50–150 
mL solvent), and extraction time (C, 2–24 hours). The 
experimental design was established using Response 
Surface Methodology (RSM) with Box-Behnken Design 
(BBD) [17], comprising 12 experimental runs as presented 
in Table 1. All experiments were performed at room 
temperature, with manual stirring for about 3 minutes at 
the beginning and every 30 minutes thereafter. The 
maceration process was sealed using aluminium foil to 
limit the evaporation. The success of myristicin and 
methyl eugenol extraction from nutmeg seeds and mace 
was evaluated based on the amount of both analytes 
extracted, as determined by GC-MS. Optimal conditions 
were identified using Design-Expert 13.0.5.0. 
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Table 1. Experimental design for extraction conditions in the seeds and mace of nutmeg 

Standard order Run 
Independent Variable 

A. Concentration of ethanol 
(%) 

B. Sample-to-solvent ratio (10 g sample 
mass to mL solvent volume, w/v) 

C. Time of maceration 
(hours) 

9 1 75 50 2 

7 2 60 100 24 

2 3 90 50 13 

10 4 75 150 2 

5 5 60 100 2 

11 6 75 50 24 

6 7 90 100 2 

4 8 90 150 13 

8 9 90 100 24 

3 10 60 150 13 

12 11 75 150 24 

1 12 60 50 13 

2.2.1. Extraction Yield 

The extract of all runs was then evaporated using a 
rotary evaporator to get a dried extract. The extraction 
yield was determined as the weight of the dried extract 
divided by the weight of the dried samples. The extraction 
yield was reported as % yield (dry extract mass or dry 
sample mass) [18]. The reported data are the means from 
three replicates. 

2.2.2. Determination of the Amount of Analyte in the 
Extract 

The quantitative amounts of analytes (myristicin and 
methyl eugenol) in the extract were determined using an 
Agilent Technologies 7890B GC-MS with a capillary 
column HP–5MS UI (length 30 m × diameter 0.25 mm × 
film thickness 0.25 µm). The oven temperature was 
initially set to 50°C for 5 minutes, then raised at 
5°C/minute to 280°C, and held for 20 minutes. Injection 
port temperature 280°C with splitless mode and injection 
volume of 1 µL. Helium with a flow rate of 1 mL/minute 
was used as the carrier gas. MS Parameters were a m/z 
range of 35–600 with an Electron Impact (EI) system [19]. 

The standards of myristicin and methyl eugenol at 
serial concentrations were injected into the GC-MS 
system. The correlation between analyte concentration 
and the peak area was used to construct a standard curve. 
The amount of analyte in the dried extracts was 
determined from the peak area of the corresponding 
analyte in the extract, with extraction yields and solvent 
volumes used for correction. Each sample dried extract 
(10 mg) was dissolved in 2 mL of n-hexane by 
ultrasonication for 1 hour, then filtered through a 0.22 μm 
syringe filter. About 1 μL of the sample was injected into 
the GCMS. 

2.2.3. Statistical Analysis 

A statistical analysis of this optimization design was 
carried out following Juliana et al. [17], with slight 
modifications. Data were analyzed using Design Expert 
13.0.5.0 statistical software. Analysis of variance (ANOVA) 
was used to determine the coefficients for linear, 

quadratic, and interaction terms in the regression. 
Response surface plots were obtained for each 
interaction. Furthermore, the model’s suitability was 
confirmed by comparing the predicted and experimental 
values with the R2 value. The selected optimum condition 
is the one that yields the highest combined yield of the 
two analytes. 

3. Results and Discussion 

3.1. Extraction Yield 

The extraction yield was calculated, and the results 
for all experimental conditions are presented in Table 2. 
The extraction yield of mace was consistently higher than 
that of the seeds [20]. The extraction yield also depends 
on factors such as the solvent used, the sample-to-
solvent ratio, and the extraction time [21]. However, a 
high extraction yield does not always correspond to a 
higher number of analytes extracted. Therefore, to 
confirm the actual number of analytes obtained, their 
concentrations must be quantified. 

3.2. Analyte Concentration on Extract 

The myristicin and methyl eugenol belong to the 
phenylpropanoid group [22, 23], which can be 
determined by GC-MS. The retention times of myristicin 
and methyl eugenol were 24.4 and 27.3 minutes, 
respectively. Using the standard curve, the amount of the 
analytes was determined. The chromatogram of the seed 
and mace extract is shown in Figure 1. Based on the 
chromatogram, the myristicin peak is the dominant, 
while the methyl eugenol peak is minor. 

The extraction yields and concentrations of 
myristicin and methyl eugenol in nutmeg seed and mace 
extracts showed considerable variation across the 
different experimental runs (Table 2). The amount of 
myristicin in the mace extract is about twice that 
compared to the seed extract, indicating that mace 
possesses a higher extractive capacity under the applied 
conditions. This agrees with the previous report that 
myristicin, a marker compound of nutmeg quality, is 
predominantly concentrated in the mace [24, 25]. 
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Table 2. Responses from experimental design and responses of the dependent variables to the extraction condition in 
the seeds and mace of nutmeg 

Run 

Seeds Mace 

% extraction 
yield 

mg myristicin 
in mL extract 

(Y1) 

mg methyl 
Eugenol in mL 

extract (Y2) 

% extraction 
yield 

mg myristicin 
in mL extract 

(Y1) 

mg methyl 
Eugenol in mL 

extract (Y2) 

1 7.836 0.164 0.004 12.201 0.303 0.029 

2 11.028 0.042 0.002 14.507 0.119 0.010 

3 8.014 0.110 0.003 17.330 0.377 0.040 

4 11.985 0.030 0.001 22.521 0.126 0.010 

5 10.956 0.062 0.002 13.996 0.143 0.014 

6 7.930 0.113 0.003 12.176 0.285 0.034 

7 9.877 0.120 0.003 20.784 0.276 0.032 

8 11.908 0.081 0.002 21.273 0.187 0.022 

9 11.215 0.097 0.002 20.131 0.251 0.029 

10 11.026 0.029 0.001 15.576 0.128 0.012 

11 13.451 0.069 0.002 21.361 0.184 0.023 

12 7.725 0.062 0.003 12.978 0.284 0.033 

 

Figure 1. GCMS chromatogram of (a) seed extract and 
(b) mace extract 

 

Figure 2. Mass spectrometry spectrum of (a) myristicin 
and (b) methyl eugenol 

Methyl eugenol extracted from mace is also higher 
than from seed extract. Although methyl eugenol is 
considered an undesirable compound due to safety 
concerns, its higher presence in mace indicates the need 
for careful monitoring and selective extraction methods 
when targeting mace-derived products. Interestingly, the 
runs with the highest mace extraction yields (Runs 4, 8, 
and 11) also showed higher concentrations of both 
myristicin and methyl eugenol, suggesting a positive 
correlation between extraction yield and analyte 
recovery. However, the ratio between desirable 
(myristicin) and undesirable (methyl eugenol) 
compounds varied. 

Mass spectrum data confirmed the identity of both 
target compounds (Figure 2). Peaks at m/z 178 and 147 
identified methyl eugenol, where fragment 147 was 
formed due to the removal of the methoxy group from the 
main structure. Meanwhile, peaks at m/z 193 and 165 
confirmed the presence of myristicin, with fragment 165 
showing a characteristic side chain or dioxol ring cleavage 
pattern. These results are consistent with the literature 
and support the quantitative data obtained from RSM. 

3.3. Model and Analysis of Variance (ANOVA) 

Based on the myristicin and methyl eugenol 
concentrations in the nutmeg seed extract, the suggested 
models for both are linear. ANOVA for both myristicin and 
methyl eugenol concentrations showed significant 
results (p < 0.05). The residuals for each extract were 
nearly zero, indicating that the three-factor design 
influenced all responses. The following ANOVA results for 
each response are shown in Table 3. The same pattern was 
found in the nutmeg mace extract. The suggested model 
is linear for myristicin and methyl eugenol (p < 0.05). 
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Table 3a. ANOVA data of the extraction condition with a linear model for response 1: concentration of myristicin in 
seeds 

Source Sum of Square df Mean Square F-value p-value  

Model 67.17 3 22.39 4.02 0.0514 Not significant 

A-concentration of ethanol 57.20 1 57.20 10.26 0.0126  

B-volume of ethanol 9.84 1 9.84 1.77 0.2206  

C-time of maceration 0.1260 1 0.1260 0.0226 0.8842  

Residual 44.60 8 5.57    

Cor total 111.77 11     

Table 3b. ANOVA data of the extraction condition with a linear model for response 2: concentration of methyl eugenol 
in seeds 

Source Sum of Square df Mean Square F-value p-value  

Model 0.0202 3 0.0067 4.97 0.0310 significant 

A-concentration of ethanol 0.0117 1 0.0117 8.62 0.0188  

B-volume of ethanol 0.0081 1 0.0081 6.00 0.0399  

C-time of maceration 0.0004 1 0.0004 0.3038 0.5966  

Residual 0.0108 8 0.0014    

Cor total 0.0310 11     

Table 3c. ANOVA data of extraction condition with a linear model for response 1: concentration of myristicin in mace 

Source Sum of Square df Mean Square F-value p-value  

Model 323.25 3 107.75 12.01 0.0025 significant 

A-concentration of ethanol 200.12 1 200.12 22.31 0.0015  

B-volume of ethanol 122.08 1 122.08 13.61 0.0061  

C-time of maceration 1.04 1 1.04 0.1158 0.7423  

Residual 71.76 8 8.97    

Cor total 395.00 11     

Table 3d. ANOVA data of the extraction condition with a linear model for response 2: concentration of methyl eugenol 
in mace 

Source Sum of Square df Mean Square F-value p-value  

Model 5.98 3 1.99 6.20 0.0175 significant 

A-concentration of ethanol 4.31 1 4.31 13.42 0.0064  

B-volume of ethanol 1.37 1 1.37 4.28 0.0724  

C-time of maceration 0.2923 1 0.2923 0.9103 0.3680  

Residual 2.57 8 0.3211    

Cor total 8.55 11     

The model F-value of 4.02 implies a 5.14% chance 
that an F-value this large could occur by chance. p-values 
less than 0.0500 indicate model terms are significant. In 
this case, A is a significant model term (Table 3a). Values 
greater than 0.1000 indicate the model terms are not 
significant. If there are many insignificant model terms 
(not counting those required to support hierarchy), 
model reduction may improve your model. The model 
F- value of 4.97 implies the model is significant. There is 
only a 3.10% chance that an F-value this large could occur 
due to noise. p-values less than 0.0500 indicate model 
terms are significant (Table 3b). In this case, A and B are 
significant model terms. The model F-value of 12.01 
implies the model is significant. There is only a 0.25% 
chance that an F-value this large could occur due to noise. 

p-values less than 0.0500 indicate model terms are 
significant (Table 3c). In this case, A and B are significant 
model terms. Values greater than 0.1000 indicate the 
model terms are not significant. If there are many 
insignificant model terms (not counting those required to 
support hierarchy), model reduction may improve your 
model. The model F-value of 6.20 implies the model is 
significant. There is only a 1.75% chance that an F-value 
this large could occur due to noise. p-values less than 
0.0500 indicate model terms are significant (Table 3d). In 
this case, A is a significant model term. Values greater 
than 0.1000 indicate the model terms are not significant. 
If there are many insignificant model terms (not counting 
those required to support hierarchy), model reduction 
may improve your model. 
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Figure 3. Graphical overlay plot: concentration of myristicin at (a) 2 hours in seeds, (b) 17 hours in mace 

Table 4. The linear equations for myristicin 
concentration and methyl eugenol concentration in 

nutmeg seeds and mace 

Samples Y Linear equations 

Seeds mg myristicin in 
mL extract 

= +0.017691 + 0.001764 A − 
0.000601 B − 0.000629 C 

mg methyl 
eugenol in ml 
extract 

= +0.002209 + 0.000023 A − 
0.000016 B − 0.000012 C 

Mace mg myristicin in 
mL extract 

= +0.118308 + 0.003479 A − 
0.001560 B − 0.000099 C 

mg methyl 
eugenol in ml 
extract 

= +0.003584 + 0.000476 A − 
0.000170 B + 0.000126 C 

The equation in terms of actual factors can be used to 
make predictions about the response for given levels of 
each factor. Here, the levels should be specified in the 
original units for each factor. This equation should not be 
used to determine the relative impact of each factor 
because the coefficients are scaled to accommodate the 
units of each factor, and the intercept is not at the center 
of the design space (Table 4). 

Based on the results and the kinetics analysis of the 
process, increasing the solvent volume in the maceration 
method does not always directly correlate with an 
increase in analyte concentration in the extract. Although 
the addition of solvent can increase the total amount of 
dissolved compounds through increasing the diffusion 
gradient in the initial stage, once the system reaches 
distribution equilibrium between the matrix and the 
liquid phase, the additional solvent tends to only increase 
the volume of the extract phase without increasing the 
analyte mass proportionally. As a result, the analyte 
concentration (mg myristicin/mg extract) decreases due 
to the dilution effect. In addition, the use of excess solvent 
has the potential to increase the co-extraction of 
unwanted matrix compounds, thereby reducing the 
selectivity and relative concentration of the target 
analyte. Therefore, optimizing the material-to-solvent 
ratio is a critical parameter in maceration to achieve a 
balance between extraction efficiency and optimal 
analyte concentration, rather than simply maximizing 
the volume of solvent used [26, 27]. 

The equation in terms of actual factors can be used to 
predict the response for given levels of each factor. Here, 
the levels should be specified in the original units for each 
factor. This equation should not be used to determine the 
relative impact of each factor because the coefficients are 
scaled to accommodate the units of each factor, and the 
intercept is not at the center of the design space. In mace 
containing a higher concentration of methyl eugenol than 
seeds, a shorter time is beneficial for optimum extraction 
of myristicin, but limits the extraction of methyl eugenol. 

The overlay plot shows the optimal operational 
region (yellow) that meets the maximum concentration 
criteria for both analytes (Figure 3). Given that the time 
variable (C) was not statistically significant, the optimum 
point was chosen at the shortest extraction duration 
within the design range of seeds. This aimed to increase 
process efficiency without reducing the yield of extracted 
myristicin. 

To visualize the relationship between the three 
factors as dependent variables and the response of 
myristicin concentration in nutmeg seeds as an 
independent variable, the linear model polynomial 
equation is shown in a three-dimensional (3D) surface 
plot, with a minimum myristicin concentration of 0.0288 
mg/mL to 0.16448 mg/mL. By increasing the ethanol 
concentration and volume of ethanol as the solvent, the 
myristicin amount in the extract is increase linear at 2-
hour maceration time (Figure 4a for mace and Figure 4g 
for seeds), at 17 hours (Figure 4b for mace and Figure 4h 
for seed), at 24 hours (Figure 4c for mace and Figure 4i for 
seed). The myristicine content from nutmeg seed 
extraction decreases by increasing the extraction time, as 
shown by the negative coefficient for time (C) in Table 4. 

In the maceration method, the yields of volatile and 
non-volatile compounds are influenced by diffusion 
mechanisms, partition equilibrium, and chemical 
stability. In nutmeg, volatile compounds are extracted 
rapidly because the high concentration gradient at the 
beginning allows fast diffusion, and the permeable cell 
walls enable compounds stored in oil glands or vacuoles 
to escape quickly into the solvent. Most compounds are 
extracted within the first few hours, and equilibrium is 
reached soon after, since nutmeg is semi-nonpolar and 
soluble in organic solvents such as ethanol. Extending 
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maceration beyond this point does not improve yield and 
may even reduce it due to oxidation, re-adsorption, or 
enzymatic degradation. Thus, nutmeg extraction follows 
a fast extraction, early equilibrium, and eventual 
degradation pattern [28]. 

In contrast, mace extraction is governed more by 
solvent penetration and the gradual softening of the 
cellular matrix. The compounds in mace are located 
deeper in the tissue or bound to cell walls, forming 
complexes with proteins or polysaccharides, which slows 
their release. As maceration time increases, the solvent 
penetrates further, causing cell wall swelling and 
releasing bound compounds, leading to a progressive 
increase in yield. Moreover, mace constituents are 
relatively stable toward oxidation and evaporation, 
allowing prolonged extraction without significant loss. 
Consequently, myristicin extraction from mace follows a 
slow diffusion-controlled process with progressive yield 
enhancement, explaining the higher yields observed at 
longer maceration times [29]. 

The same trend was also found on methyl eugenol as 
an analyte. The increasing of ethanol concentration and 
volume will increase the amount of methyl eugenol in the 
extract (Figure 4c-4e for mace and Figure 4j-4l for seed). 
The longer the maceration time, is not significantly 
increase the amount of myristicin and methyl eugenol in 
the mace and seeds extract. 

The linear increase in myristicin and methyl eugenol 
in the extract is largely due to ethanol concentration (A). 
Myristicin and methyl eugenol are nonpolar compounds 
that will be easier to extract by nonpolar solvent. 
Myristicin is a nonpolar to slightly polar compound. This 

is because its structure is dominated by an aromatic ring 
and a methylenedioxy group, which make it more 
lipophilic, while its methoxy and methylenedioxy groups 
confer a slight polar character. Practically, myristicin is 
poorly soluble in water but soluble in nonpolar organic 
solvents such as ether and benzene. Log P of myristicin is 
2.6 [30]. On the other hand, methyl eugenol is a semi-
polar compound with predominantly lipophilic 
(nonpolar) properties. It is insoluble in water but easily 
dissolves in organic solvents such as ethanol, ether, and 
benzene. Log P of methyl eugenol is 2.69 [26]. Since the 
target of this research is to detect the amounts of the two 
analytes using an electrochemical instrument, the 
solvent should be polar, such as water or ethanol. The 
optimal ethanol concentration for extracting both 
analytes is 90%. 

At a fixed sample mass of 10 g, increasing the solvent 
volume primarily led to dilution of the extract, 
outweighing any improvement in mass transfer. 
Consequently, smaller solvent volumes yielded extracts 
with higher analyte concentrations, thereby facilitating 
more reliable detection. 

The optimal ethanol volume for extraction was 50 
mL, corresponding to a 1:5 sample-to-solvent ratio. This 
ratio represents the lowest solvent-to-sample 
proportion that still ensures effective recovery of the 
target compound, myristicin, as supported by previous 
studies [31, 32]. Excessive solvent volumes, while 
potentially enhancing diffusion, reduce analyte 
detectability due to dilution. Thus, maintaining this 
minimal yet sufficient solvent volume balances 
extraction efficiency with analytical sensitivity. 

 

Figure 4. 3D contour plots of analyte content in the extract as a function of independent variables (ethanol 
concentration and ethanol volume). Panels (a–f) represent mace extract, while (g–l) represent seed extract. Panels (a–
c) and (g–i) correspond to myristicin, whereas (d–f) and (j–l) correspond to methyl eugenol. Extraction times are 2 h 

for (a), (d), (g), and (j); 12 h for (b), (e), (h), and (k); and 24 h for (c), (f), (i), and (l) 
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Figure 5. Optimal conditions for maximizing myristicin and methyl eugenol in seed extract (a–d) and mace extract 
(e– h). Desirability plots are shown in (a, b) and (e, f), while the amounts of myristicin are presented in (c) and (g), and 

methyl eugenol in (d) and (h) 

The desirability function approach was applied to 
identify the optimum extraction conditions that 
simultaneously maximize the amount of analytes in the 
extract while minimizing the volume of ethanol used as 
solvent. Under the optimum conditions of 90% ethanol 
concentration, 50 mL ethanol volume, and 2 hours of 
maceration time, the desirability of myristicin 
concentration was 0.857346, and the desirability of 
methyl eugenol concentration was 0.93172, which is close 
to the combined desirability of 0.893759 for seed extract 
(Figure 5a-5d). Both values are close to 1, indicating that 
the desirability function successfully aligns both 
responses toward a common optimum. Methyl eugenol 
extracted under the same experimental parameters also 
needs to be monitored, as low concentrations indicate 
good nutmeg quality. However, desirability is determined 
based on the extraction objective, which is to optimize 
myristicin as the primary target compound in the nutmeg 
sample. Higher myristicin concentrations indicate better 
nutmeg quality. Overall, the high desirability values 
obtained confirm that RSM, combined with the 
desirability function, is a reliable and powerful tool for 
optimizing multiple response variables in extraction. 

The overall desirability value of mace extract also 
showed very good results, namely 0.901573 for myristicin 
concentration and 1 for methyl eugenol concentration 
desirability, and a combined desirability value of 

0.949512, which indicated that the conditions were very 
satisfactory between the targeted responses so that the 
designed optimization model was effective in balancing 
the yield and purity of myristicin and methyl eugenol 
analytes (Figure 5e-5h). These conditions were found to 
be 90% ethanol concentration, 50 mL ethanol volume, 
and 17 hours of maceration time. 

The optimal extraction conditions for analytes from 
nutmeg seed and mace were identical in terms of solvent 
composition and volume, namely 90% ethanol and 50 
mL, with the only difference being maceration time. The 
optimal extraction time was 2 hours for nutmeg seed and 
17 hours for mace. This difference can be attributed to 
extraction kinetics and matrix-dependent diffusion. 

Nutmeg seed contains higher levels of total (34.47% 
vs. 22.55%) and fixed oils (26.43% vs. 23.73%), whereas 
mace has a higher proportion of essential oils (8.79% vs. 
5.95%) [31]. The dense, starchy matrix of the seed 
facilitates solvent penetration and accelerates analyte 
diffusion, leading to faster equilibrium. In contrast, the 
fibrous and essential oil-rich structure of mace creates 
more viscous microenvironments and stronger analyte–
matrix interactions, which reduce the effective diffusion 
coefficient and slow mass transfer. Consequently, longer 
extraction times are required for mace to reach 
equilibrium. 
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The concentration of myristicin obtained from the 
RSM design further serves as a reference for validating 
the response of the Fe3O4/graphene-modified GCE 
electrochemical sensor in detecting myristicin in nutmeg 
samples [17]. 

4. Conclusion 

The optimum maceration conditions for extracting 
myristicin and methyl eugenol from nutmeg seed is 90% 
ethanol concentration, 50 mL ethanol volume, and 2 
hours of maceration time, while for mace are ethanol 
concentration of 89.9%, ethanol volume of 50 mL, and 
maceration time of 17 hours. Future studies should 
include method validation for routine quality control, 
with emphasis on recovery, sensitivity metrics 
(LOD/LOQ), and reproducibility. Additionally, alignment 
of optimized extraction conditions with the 
electrochemical method performance will be important 
to ensure compatibility and robustness for practical 
applications in nutmeg quality monitoring. 
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