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This study aims to isolate the nutmeg essential oil (Myristica fragrans 
Houtt) from Aceh Indonesia and evaluate their biological activity. The 
antioxidant activity of the nutmeg essential oils (Myristica fragrans Houtt) 
was determined by DPPH (1,1-difenil-2-pikrihidrazil) assay. The DPPH assay 
showed that arillus essential oil (AMFH) has the highest antioxidant activity 
with the IC50 values was 216.695 ppm. The chemical composition of the 
AMFH was performed by Gas Chromatography-Mass Spectroscopy (GC-MS), 
and the results showed that AMFH contains Terpinen-4-ol (11.20%), α-
Terpineol (1.83%), Safrole (5.10%) and Myristicin (27.80%). The AMFH was 
isolated by column chromatography and four fractions were obtained, 
namely AMFH1; AMFH2; AMFH3; and AMFH4 fractions. The DPPH assay 
showed that the AMFH3 fraction showed strong antioxidant activity with the 
IC50 values of 59.329 ppm. The AMFH3 fraction was then re-isolated by using 
column chromatography to obtain four sub fractions namely AMFH3A; 
AMFH3B; AMFH3C; and AMFH3D. The DPPH assay showed that the sub 
fraction of AMFH3A has the highest antioxidant activity with the IC50 values 
of 98.993 ppm. The antibacterial activity of AMFH3A sub fractions was 
evaluated by Kirby Bauer-Disc diffusion method, and the results showed that 
AMFH3A sub fraction showed activity against Staphylococcus epidermidis 
and Staphylococcus aureus with the diameter inhibition of 14.28 mm and 
12.26 mm respectively. The chemical composition of the AMFH3A sub 
fraction was performed by GC-MS, and the results showed that AMFH3A sub 
fraction contains Terpinen-4-ol (14.37%), α-Terpineol (2.16%), Safrole 
(7.36%) and Myristicin (54.77%). 
Keywords: Myristica fragrans Houtt, nutmeg essential oil, antioxidant 
activity, antibacterial activity 
 

 
INTRODUCTION 

The essential oils are secondary metabolites 
produced by medicinal or aromatic plants. 
Essential oils generally produced in small yields, 

usually ranging from 5-10%. Essential oils are 
volatile, and generally in liquid form and 
colourless at room temperature, poor soluble in 
water, easily soluble in alcohol or in other organic 
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solvents (Falleh et al, 2020). Essential oils are 
known showed excellent their biological activities 
including antioxidant, antiparasitic, antimicrobial, 
antifungal, antiviral, antimycotic and insecticidal. 
Their biological activities generally related to the 
function of bioactive secondary metabolites            
such as terpenes, hydrocarbon, alkaloids and 
flavonoids (Ju et al, 2022; Te te de  Rodrigue et al, 
2023). 

Myristica fragrans (M. fragrans) belongs to 
the Myristicaceae family, and commonly known as 
Nutmeg. The essential oil that produced by this 
plant called nutmeg essential oil. Scientifically, the 
seed of this plant composed of starch, protein, fat, 
mucilage, fixed oil, and volatile oil (Luciana et al, 
2021; Barceloux, 2008). Luciana et al, (2021) 
reported that nutmeg essential oil obtained from 
distillation process produced 21 compounds with 
the main components were γ-terpinene (8.5%), 
Sabinene (9.1%), α-pinene (10.5%), and β-pinene 
(26%). Luciana et al also showed that distilled 
nutmeg oil had insecticidal activity against Musca 
domestica and Chrysomya albiceps with LC50 values 
of 2.02 ± 0.56, and 8.57 ± 2.41, respectively. 

Ethnomedical, it was reported that M. 
fragrans can be used as improving digestion, good 
for spleen and sore throats, anti-allergic and 
analgesic, insulin resistance, prevent 
inflammation, liver tonic, uterine tonic and 
cardiotonic, sedative, aphrodiasic and 
hypolipidemic (Neetu & Surender, 2022; Gottardi 
et al, 2016). M. fragrans not only provides a 
pleasant aromatic aroma, but traditionally can also 
be used to treat digestive problems, diarrhea and 
nausea. Pharmacologically, M. fragrans has anti-
inflammatory, antidiarrheal and antidiabetic 
effects (Matulyte et al, 2020; Zhipeng et al, 2020). 
Zhipeng also reported that seed of Myristica 
fragrans commonly contains fat, protein and 
starch, while it essential oil particularly contains 
myristicin.  Myristicin is an aromatic compound 
that plays a role in the aroma of nutmeg oil. 
Myristicin has a hallucinogenic effect due to its 
structural similarity to 3-methoxy-4,5-
methylenedioxyamphetamine (MMDA) (Zhipeng et 
al, 2020). 

Sathya et al, (2020) stated that ethyl acetate 
extract and aryl methanolic extract of M. fragrans 
showed excellent antioxidant activity by in vitro 
assay. The aril (mace) extract of M. fragrans also 
showed good anticholinesterase and -glucosidase 
inhibitory activities, so it can be used as the 
treatment of Alzheimer's disease. Manh et al, 
(2020) reported that M. fragrans contain 

metabolites of Lignans, Neolignans, Diphenyl 
alkanes, Phenylpropanoids, and Terpenoids.  M. 
fragrans is also reported to contain Alkaloids, 
Flavonoids, and Phenolic compounds. M. fragrans 
also contains Myristic acid, Myristicin, Safrole, 
Terpineol, Elemicin, Quercetin, Camphene, 
Eugenol, and Isoeugenol. The previous studies 
reported that the n-hexane extract of nutmeg root 
had an antioxidant activity with an IC50 value of 
99.76 ppm. (2E)-5(2z.4E)-Hexa-2,4,-dio-Zyl)-
2propylcyclohexanol (C18H30O4) compound from 
an n-Hexane extract of nutmeg root was also 
reported to have anticancer activity against the 
MCF-7 cell line with the IC50 value of 10.75 ppm 
(Ginting et al, 2018; Ginting et al, 2021).  Wahidah 
et al, (2022) reported that the elimicin compound 
isolated from the ethanolic seed extract of M. 
fragrans showed high antioxidant activity. 
Wahidah also showed that the elimicin compound 
has antimicrobial activity against Escherichia coli, 
Pseudomonas aeruginosa, Salmonella typhi, 
Klebsiella pneumonia and Staphylococcus aureus 
with MIC50 values ranging from 31.25-62.5 µg/mL. 
Elimicin was also reported to have antifungal 
activity against Candida tropicalis, Aspergillus 
flavus, Aspergillus niger, Penicillium chrysogenum 
and Trichophyton rubrum. 

Nutmeg essential oil was reported rich in 
Terpenes. This compound has been shown to 
possess anti-inflammatory, antioxidant, 
antibacterial, analgesic, hepatoprotective, and 
cardioprotective (Matulyte et al, 2020).  Rokas et 
al, (2021) stated that the essential oil of M. 
fragrans has a potential to reduce cell viability, 
proliferation, and colony formation ability of 
Novikoff hepatoma cells. Nutmeg essential oil also 
contains of 4-Terpineol, Myristicin, Safrole and 
Methyl eugenol. These compounds are main 
components of nutmeg essential oil, which are 
carcinogenic (Al-Malahmeh Amer et al. 2017; 
Daniela et al, 2022). Nutmeg oil and its fractions 
were reported to have hepatoprotective, 
antioxidant, anticancer, antimicrobial, antidiabetic 
and aphrodisiac properties (Kumari et al, 2021). 
The active metabolite compounds contained in 
nutmeg and nutmeg essential oil such as Licarin B 
and Myristicin were reported have anticancer 
effects on skin carcinoma (Kunnumakkara et al, 
2018; Perez-Ortiz et al, 2020) and oral cancer (oral 
cell line) (Cinthura et al, 2017). There are few 
reports that discuss to isolate the nutmeg essential 
oils from Aceh Indonesia. Hence, there is a need to 
isolate the active compounds from the essential 
oils of M. fragrans and evaluate their biological 
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activity such as antioxidant, and antibacterial 
activity. 

 

MATERIALS AND METHODS 
The DPPH (1,1-difenil-2-pikrihidrazil) and 

Mueller Hinton Agar (MHA) were purchase from 
Merck. Anhydrous Sodium Sulphate (Sigma 
Aldrich), Methanol, Silica Gel G60 (Merck), the 
solvents of n-Hexane, Ethyl Acetate, and Ethanol 
were purchase from Rudang Jaya Medan, Thin 
Layer Chromatography, TLC (Merck), Vancomycin, 
and Amoxicillin were provided from our 
Laboratory at Department of Pharmacy, 
Universitas Syiah Kuala.  

 
Methods 
Plant material 

The flesh of fruit, seed, and arillus of M. 
fragrans were obtained from Blangpidie, 
Southwest Aceh Regency, Indonesia. Voucher 
specimen (1815) M. fragrans Houtt was 
authenticated by botanist, Dr. Joeni Setijjo Rahajoe 
and deposited at the Herbarium Bogoriense, 
Research Centre for Biology, Indonesian Institute 
of Sciences, Bogor, Indonesia.  

 
Sample Preparation 

Each parts of flesh of fruit, seed, and            
arillus of M. fragrans Houtt were thoroughly 
cleaned, dried at room temperature and cut into 
small pieces. Each component was kept in an air-
tight container at room temperature until further 
use.  

 
Extraction of essential oil 

Each component of the flesh of fruit, seed, 
and arillus of M. fragrans were submitted to water 
distillation for 6 hours. The extracted essential oils 
were dried over anhydrous sodium sulphate. The 
addition of the anhydrous sodium sulphate is to 
dry the extract. It is the sodium sulphate that will 
absorb any water, and it will clump together. The 
percentage yield was then determined for each 
part of the oil. Furthermore, the essential oils 
obtained were then evaluated for the antioxidant 
activity using DPPH Assay method. The oil with 
the higher antioxidant activity was then used for 
further analysis.   

 
DPPH Assay 

For all antioxidant radical reactions, DPPH 
(1,1-difenil-2-pikrihidrazil) was dissolved in 
methanol  (MeOH)  to  a  concentration   of 0.4 mM.  

In addition, 1 mL DPPH and 5 mL MeOH were 
added to the test tube with 100; 50; 25; 12.5; and 
6.25 ppm concentrations of the essential oil of 
DPPH (1,1-difenil-2-pikrihidrazil) of M. fragrans 
Houtt. After 30 minutes, the mixture was 
homogenized with a vortex for a few seconds, and 
the absorbance was measured every test for 30 
min at a wavelength of 517 nm. Three 
measurements were taken, and the average 
absorption value for each concentration was 
recorded. Positive controls for ascorbic acid 
received the same treatment (Ginting et al, 2021). 

 
Isolation of the active nutmeg essential oil 

A thirty-gram sample of the most active 
essential oil was separated from its constituents 
using gravity column chromatography with a silica 
gel G60 as the stationary phase and n-Hexane and 
Ethyl acetate gradient elution system with a 
9.5:0.5 ratio as a mobile phase. The eluent was 
determined by thin layer chromatography (TLC). 
The active nutmeg essential oil was separated by 
its components and each fraction was collected in 
a test tube. The fraction with the identical spot 
pattern were collected and evaporated by using a 
rotary evaporator vacuum.  

 
FT-IR analysis 

The resulting of the oils were analysed to 
determine the functional group of each oil using 
Fourier-Transform Infrared Spectroscopy (FT-IR 
spectroscopy). The FT-IR spectrum analysis was 
performed at wave numbers 400-4000 cm-1 
(Khairan et al, 2023).  

 
GC-MS analysis 

The GC–MS analysis of the samples were 
conducted using TG-SQC system qualification 
column (Thermo ScientificTM TRACE 1310 GC) in 
tandem with Thermo ScientificTM ISQ LT Single 
Quadrupole Mass Spectrometer. Autosampler is 
used Thermo ScientificTM  TriPlusTM  RSH 
Autosampler with column HP-5MS, dan TG-WAXMS 
with 15 m in length × 0.25 mm in diameter × 0.25 
µm in thickness of film). Spectroscopic detection 
by Single Quadrupole Mass Spectrometer. Pure 
Helium gas (99.995%) was used as the carrier gas 
with a flow rate of 1 mL/min. Maximum 
temperature of 330/350°C. The relative quantity 
of the chemical compounds presented in each 
sample was expressed as a percentage based on 
the peak area produced in the chromatogram 
(Ginting et al, 2018; Ginting et al, 2021). 
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Antibacterial Activity 
The Kirby Bauer-Disc diffusion method was 

used to determine the antibacterial activity of the 
sample. Nineteen grams of Mueller Hinton Agar 
(MHA) medium was added to 500 mL of sterile 
distilled water. The medium was subsequently 
heated to boil using magnetic stirring. The                
media was then sterilized in an autoclave at 121°C 
for 15 minutes. The media (25 mL) was then 
poured into a petri dish and allowed to solidify.              
By using a cotton swab, a suspension of 
Staphylococcus aureus or Staphylococcus 
epidermidis was applied to the solidified                     
MHA media. The paper disc that had previously 
been soaked in a positive control solution 
(Vancomycin 30 µg or Amoxicillin 25 µg) and the 
sample were then placed in the petri dish. The 
diameter of the inhibition formed from the           
samples after incubating the media at 37°C for                  
24 h was then measured. The inhibition zone 
formed on the media was measured to determine 
antibacterial activity of the samples (Khairan et al, 
2023). 

 

RESULTS AND DISCUSSION 
Essential Oils Distillation 

Each component of the fruit (FMFH),              
seed (SMFH), and arillus (AMFH) of  M. fragrans 
were distilled to obtain the fruit, seed, and                 
arillus essentials oils. The results showed the 
percentage of the yield of the essential oils  
obtained from the fruit (FMFH), seed (SMFH),               
and arillus (AMFH) were 0.03%; 1.5%; and                  
3.5% respectively. The results revealed that           
AMFH has the highest rendement with the 
percentage rendement of the oil of 3.926%.                  
The strongest aroma of the oil was produced by 
AMFH.  

 
Antioxidant Activity of the Essentials Oils 

The antioxidant activity of each essential  
oils of the M. fragrans Houtt (Figure 1 and  Table I). 
The essential oils concentrations employed for the 
antioxidant activity assay were 25; 50; and 100 
ppm. The essential oil derived from the arillus part 
(AMFH) has the highest antioxidant activity with 
IC50 values of 216.69 ppm (Table I). The result 
obtained in this study is significantly more active 
than research conducted by Yuniasih & 
Rachmawati (2021) that was 299.69 ppm. 
(Suthagar et al, 2012a) mentioned that nutmeg oil 
effectively inhibited the oxidation of linoleic acid at 
88.68±0.1%. Suthagar also showed that nutmeg oil 
showed reducing power with the EC50 value was 

181.4 ppm. Meanwhile, Ginting et al, (2021) 
reported that the bark extract of M. fragrans              
Houtt exhibited a good antioxidant activity using 
2,2-Diphenyl-1-picrylhydrazyl (DPPH) scavenging 
activity, with the IC50 value was 99.76 ppm. 

 

 
 
Figure 1. The diagram of antioxidant activity of 
flesh of fruit (FMFH), seed (SMFH), and arillus 
(AMFH) essential oil from Myristica fragrans Houtt 
(MFH).  
 
Table I. Percent inhibition and antioxidant activity 
of nutmeg essential oils using the DPPH assay. 
 

Conc.  
(ppm) 

Percent Inhibition (%) 
AAa FoFEOb SEOc AEOd 

25 30.3±1.0 79.1±0.8 83.3±1.0 74.9±1.2 
50 68.9±1.5 73.4±1.0 80.9±1.2 72.0±1.9 

100 96.3±0.8 66.5±1.5 77.4±1.3 62.4±0.9 
IC50  3.9±1.1 242.8±1.1 545.7±1.2 216.7±1.3 

 
Note: a: Ascorbic Acid or Vitamin C (AA); b: Flesh of 
Fruit Essential Oil (FoFEO); c: Seed Essential Oil (SEO); 
d: Arillus Essential Oil (AEO).  

 
Fractionation of the Essential Oil from Arillus 
(AMFH) 

The antioxidant activity assay (Table IA)z   
revealed that the essential oil from arillus (AMFH) 
has the highest antioxidant activity. The AMFH was 
then isolated using column chromatography, using 
silica gel G60 as the stationary phase and n-Hexane 
: Ethyl acetate in a ratio of 9.5:0.5 was used as a 
mobile phase, and the result showed that AMFH 
produce 255 fractions. The fractions were then 
monitored by thin layer chromatography (TLC) to 
determine the spot pattern and the Rf values of 
each fraction. The fractions with the same of spot 
and Rf values were collected and evaporated using 
rotary evaporator to obtain the fractions of AMFH. 
In this analysis, we have found four fractions 
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namely AMFH1 fraction (fractions 1-110), AMFH2 
fraction (fractions 111-130), AMFH3 fraction 
(fractions 131-200), and AMFH4 fraction 
(fractions 201-255). After evaporated, we have 
founded that AMFH1; AMFH2; AMFH3; and 

AMFH4 fractions have weight of 434.14 mg; 56.56 
mg; 11.04 mg; and 09.03 mg respectively. The 
results also revealed that AMFH1; AMFH2; 
AMFH3; and AMFH4 fractions have the Rf values of 
0.25; 0.38; 0.53; and 0.86, respectively. 

 
 
Figure 2. The spectrum FT-IR of AMFH and its fractions (AMFH1; AMFH2; AMFH3; and AMFH4) 
 

 
 
Figure 3. The percentage area of Terpinen-4-ol (T-4-ol), α-Terpineol (α-T), Safrole (Saf ), and Myristicin (Myr) 

in MFH and its fractions by GC-MS analysis. 
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FT-IR Analysis 
The Fourier-transform infrared spectrum 

(FTIR) analysis was performed to determine the 
functional group of AMFH and its fractions 
(AMFH1; AMFH2; AMFH3; and AMFH4) (Figure 2).  

The AMFH and it fractions showed strong 
absorption band at range 3000-2700 cm-1, these 
indicated the presences of C-H stretching from 
Alkyne, Alkene, Alkane, and Aldehyde (Figure 2). 
Ginting et al, (2021) reported that the 
characteristic peaks at 2926-2856 cm-1 indicates 
the presence C-H stretching. Horison et al, (2019) 
also reported that the band arising at 3000-2700 
cm-1 are contributed by the stretching vibration of 
-CH2 (2924 cm-1) and –CH3 (2857 cm-1) are from 
nutmeg essential oil.    

The AMFH and its fractions showed weak 
absorption band at range 2260-2222 cm-1 
indicated the presence of C≡N stretching (Figure 
2). The weak absorption peak at range of 1750-
1706 cm-1 corresponds to C=O stretching from 
functional groups of Lactone or Carboxylic acid. 
The medium characteristic peak at range 1650-
1580 cm-1 indicates the presence of N-H stretching 
from Amine. The medium peak at range 1500-
1400 cm-1 corresponds to C=C stretching from 
alkene and conjugated alkene. Meanwhile, the 
medium peak in the region of 1050-1040 cm-1 
corresponds to CO-O-CO stretching from 
Anhydride. 

 
GC-MS Analysis of the AMFH and Its Fractions 

The GC-MS analysis showed that AMFH and 
its fractions (AMFH1; AMFH2; AMFH3; and 
AMFH4) contain 33; 36; 45; 56; and 68 
compounds respectively. The GC-MS analysis also 
showed that AMFH and its fractions contain four 
main bioactives compound i.e. Terpinen-4-ol (T-4-
ol), α-Terpineol (α-T), Safrole (Saf), and Myristicin 
(Myr) with the percentage area of 11.20%; 1.83%; 
5.10%; and 27.80% respectively.  The GC-MS 
analysis also revealed that the main compound of 
the AMFH and its fractions is Myristicin, where 
AMFH1 fraction contain the highest Myristicin 
compound with the percentage area of 52.69% 
followed by AMFH; AMFH2; AMFH3; and AMFH4 
respectively. The percentage area of Terpinen-4-ol 
(T-4-ol), α-Terpineol (α-T), Safrole (Saf), and 
Myristicin (Myr) in AMFH and its fractions by GC-
MS analysis (Figure 3). 

Myristicin was reported to play a role in the 
antioxidant and antimicrobial activity of Myristica 
fragrans Houtt (Gupta et al, 2013). Morita et al, 
(2003) also reported that Myristicin possesses 

extraordinarily potent hepatoprotective activity. 
They are also able to suppress the superoxide 
production by agonist-stimulated monocytes but 
not neutrophils (Touyz, 2000). α-Terpineol also 
exerts an anti-proliferative effect. Therefore, it can 
be used in the prevention or even treatment of 
cancer. Besides that, α-Terpineol also exerted 
cytostatic activities against six human cancer cell 
lines, such as prostate, breast, lung, leukemia and 
ovarian, especially against breast adenocarcinoma 
(MCF-7) and chronic myeloid leukemia (K-562). 
Both α-Terpineol and Terpinen-4-ol are the most 
important commercial products and they occur in 
a large number of essential oils (Bauer & Garbe, 
2001; Bauer & Garbe, 1985). 

Interestingly, Safrole is present at AMFH 
and fractions of AMFH1 with the percentage of 
relative area are 5.1% and 7.9% respectively, but 
not detected in fractionsA MFH2, AMFH3, and 
AMFH4. Safrole is a Phenylpropanoid have a 
potent cytotoxic activity against two breast cancer 
cell lines (MCF-7 and MDA-MB231 cells lines). 
Safrole has been found to inhibit angiogenesis and 
to arrest the growth and induce death of human 
tumor cells in vitro (Du et al, 2005). Based on the 
previous studies, some of the constituents 
revealed by GC–MS are biologically active 
compounds. They were proven to possess 
pharmacologic activities which may contribute to 
the healing potential of the plant. α-Terpineol, 
Terpinen-4-ol, and Safrole were proven to exhibit 
antioxidant and antinociceptive effects (Eid & 
Hawash, 2021; Bauer & Garbe, 2001). 

 
Antioxidant Activity of the AMFH and Its 
Fractions 

To examine the antioxidant activity of the 
four fractions arising from the separation of the 
active components using a gravity 
chromatography column, the antioxidant activity 
of the arillus essential oil sub-fraction was 
determined. The antioxidant activity was 
measured, and Ascorbic acid or Vitamin C was 
used as a positive control.  Determination of 
antioxidant activity was carried out by DPPH free 
radical reduction method (1,1-Diphenyl-2-
picrylhydrazyl) using a UV-Vis spectrophotometer. 
This method was elected because the process is 
faster, easier, cheaper, sensitive, and the method is 
reproducible. Determination of the antioxidant 
activity of Ascorbic acid as a positive control and 
AMFH and its fractions begins with determining 
the maximum wavelength of DPPH. The maximum 
wavelength is determined by drawing a curve 
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depicting the relationship between the solution's 
absorbance and the wavelength. The maximum 
wavelength of DPPH employed in this assay was 
517 nm. Antioxidant activity against DPPH radical 
scavenging occurs due to its ability to donate 
hydrogen atoms. Free radical scavenging activity is 
strongly influenced by the Hydroxyl group of a test 
sample (Amarowicz et al, 2004). The antioxidant 
activity of AMFH and its fractions by using the 
DPPH assay method (Table IIA). The results 
showed that AMFH3 fraction had the highest 
antioxidant activity, with the IC50 value of 59.32 
ppm. The AMFH2 and AMFH4 fractions, on the 
other hand, produced the lowest antioxidant 
activity, with IC50 values of 730.26 ppm and 
402.025 ppm, respectively. Meanwhile, the       
AMFH1 fraction produced moderate antioxidant 
activity with an IC50 value of 101.23 ppm.            
Ginting et al, (2021) stated that the n-Hexane 
extract of M. fragrans Houtt root exhibited an IC50 
value of 99.76 ppm when tested using the DPPH 
method. 

 
Re-isolation of the AMFH3 Fraction 

The AMFH3 fraction was re-isolated by 
column chromatography using n-Hexane                          
and Ethyl acetate with a ratio of 9.5:0.5 as a              
mobile phase. Based on the spot pattern                           
and Rf value, AMFH3 fraction produce four sub-
fractions i.e. AMFH3A; AMFH3B; AMFH3C; and 
AMFH3D.  

The AMFH3A sub-fraction produced the 
highest fraction by weight of 34.41 mg, followed by 
sub-fraction of AMFH3B; AMFH3D; and AMFH3C 
(Table IIB). The AMFH3A sub-fraction with the 
highest by weight produced a fine-yellow sub-
fraction with the Rf value of 0.16.  

 
The Antioxidant Activity of AMFH3 and its Sub-
fractions  

In this assay, we also determined the 
antioxidant activity of the sub-fraction using  
DPPH assay method. The antioxidant activity of 
the sub-fractions (Table II) with the Ascorbic               
acid or Vitamin C as a positive control. The results 
show that sub-fraction AMFH3A produced the 
highest antioxidant activity with the IC50 value   
was 98.9 ppm when tested using the DPPH 
method. Meanwhile the sub fractions of AMFH3B 
to AMFH3D exhibited conformable IC50 value 
which range between 242 to 246 ppm. For these 
sub-fractions, we also determined the 
antimicrobial activity against S. aureus and S. 
epidermidis. 

Antibacterial Activity of the AMFH3 and its 
Sub-fractions 

The antimicrobial activity of the AMFH3 
sub-fractions were performed against S.aureus and 
S. epidermidis. The Kirby Bauer-Disc diffusion 
method was used to determine the antibacterial 
activity of the AMFH3 sub-fractions. The diameter 
inhibition zone of the AMFH3 sub-fractions against 
S. aureus and S. epidermidis (Figure 4). 

In this assay, we used Vancomycin (30 µg) 
and Amoxicillin (25 µg) as positive control for S. 
aureus and S. epidermidis respectively. The positive 
control of Vancomycin and Amoxicillin showed 
inhibited activity against S. aureus and S. 
epidermidis with diameter inhibitions of 16.73 mm 
and 15.80 mm respectively.  In this assay          
Dimethyl sulfoxide (DMSO) was used as a negative 
control. As a solvent, DMSO proved to be safe, 
which offered no interference with the results 
obtained in the experiment.  The results also 
showed that AMFH3A sub-fraction showed slightly 
higher  active against S. epidermidis than S. aureus 
with the diameter inhibition of 14.28 mm and 
12.26 mm respectively. Meanwhile, the sub-
fractions of AMFH3B; AMFH3C; and AMFH3D 
showed poor activity against both that Gram-
positive bacterium.  

 
GC-MS Analysis of AMFH3A Subfractions 

To determine which compounds played a 
role in the antioxidant and antibacterial activity, 
the AMFH3A sub-fraction was analyzed for the 
chemical components using GC-MS spectroscopy. 
The GC-MS analysis showed that the AMFH3A            
sub-fraction contain 31 compounds among others 
are Terpinen-4-ol (T-4-ol), α-Terpineol (α-T), 
Safrole   (Saf),   and   Myristicin   (Myr)   (Figure  
5). The GC-MS analysis also showed that the main 
component of the MFH3A sub-fraction was 
Myristicin (peak 25), followed by Terpinen-4-ol 
(peak 6); Safrole (peak 13); and α-Terpineol (peak 
8) with the percentage area of 54.77%; 14.37%; 
7.36%; and 2.16% respectively.  

Myristicin belongs to the family of the 
Allylbenzenes, also known as Alkenylbenzenes or 
Phenylpropenes. In baverage such as cola drinks, 
Myristicin is used as a flavoring agent, and in 
complementary medicine, Myristicin is used to 
treat some healths such as anxiety, rheumatism, 
stomach cramps, and nausea. Nutmeg essential oil 
has been reported to contain about 4% Myristicin, 
and some researchers reported  about 4%-12%, it 
varies depending on geographical origin          
(Martin et al., 2018; Randerath et al, 1993). 
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Table II. Percent inhibition and antioxidant activity of the fractions and sub-fractions using the DPPH assay. 
 
A.Percent inhibition and antioxidant activity of AMFH and its fractions 
Concentration Inhibition Concentration (%) 
(ppm) Ascorbic Acid AMFH AMFH1 AMFH2 AMFH3 AMFH4 
25 30.3±1.2 4.6±0.9 21.5±0.9 4.4±3.5 26.4±2.3 7.4±2.3 
50 68.9±2.1 4.9±1.1 27.1±0.8 5.7±2.4 46.1±0.9 10.8±0.8 
100 96.3±2.3 9.6±1.5 48.8±1.1 8.5±3.1 78.8±1.1 13.5±0.5 
IC50 (ppm) 3.9±1.9 605.2±1.2 101.2±1.0 730.3±3.0 59.3±1.1 402.0±1.2 
       
B.Percent inhibition and antioxidant activity of fraction of AMFH3 and its sub-fractions 
Concentration Inhibition Concentration (%) 
(ppm) Ascorbic Acid AMFH3 AMFH3A AMFH3B AMFH3C AMFH3D 
25 76.5±1.1 26.4±1.3 55.0±0.9 68.5±2.5 65.6±0.9 76.2±0.3 
50 88.5±1.3 46.1±1.5 60.0±1.2 68.6±2.5 66.8±0.6 77.2±1.1 
100 94.3±1.2 78.8±1.7 60.0±1.3 69.0±1.6 69.1±0.7 78.4±0.9 
IC50 (ppm) 1.2±1.2 59.3±1.5 98.9±1.2 242.6±2.2 246.7±0.8 246.4±0.9 

 

 
 

Figure 4. Antibacterial activity of AMFH, and its subfractions against Staphylococcus aureus and 
Staphylococcus epidermidis. Vancomycin and amoxicillin were used as positive controls, and dimethyl 
sulfoxide (DMSO) 2.5% as the negative control. 
 

 
 
Figure 5. The GC-MS spectrum of MFH3A sub-fraction  
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Nutmeg essential oil origin from Nigeria 

contains about 27.43% Myristicin (Okiki et al, 
2023), Grenada, Spain contain about 1.88% 
Myristicin (Rokas et al, 2021), Brazil contain about 
0.76% Myristicin (Luciana et al, 2021), Kalimantan 
contain about 18.44% Myristicin (Guntur et al, 
2019), Maluku contain about 13.95% Myristicin 
(Yuniasih et al, 2023), and Sulawesi contain       
about   13.73%  Myristicin   (Syarifah   et   al,   
2017). Meanwhile, our research reported that 
Nutmeg essential oil origin from Blang Pidie, Aceh 
contain about 54.77% of Myristicin.  

Myristicin and Terpinen-4-ol were known 
play a role in the antioxidant and antimicrobial 
activity of Myristica fragrans. Safrole is known to 
have activity as an antioxidant, anticancer and 
antitumor (Du et al, 2005; Eid & Hawash, 2021; 
Bauer & Garbe, 2001). The α-Terpineol (α-T) 
compound is known to show an antioxidant 
activity, and is able to give an anti-proliferative 
effect. Therefore, α-Terpineol (α-T) can be used in 
the prevention or even treatment of cancer (Touyz, 
2000;  Bauer & Garbe, 2001; Held et al, 2007). 

Based on the antibacterial and antioxidant 
activity aboved, it was shown that the AMFH3A 
sub-fraction produced a highest activity compared 
to the AMFH3B; AMFH3C; and AMFH3D sub-
fractions. Based on this finding, the compounds of 
the Myristicin, Terpinen-4-ol, Safrole, and α-
Terpineol from the fractions and the sub-fractions 
of Myristica fragrans were play in important role 
in the antioxidant and antibacterial activity. 

 

CONCLUSION 
The DPPH assay showed that AMFH has the 

highest antioxidant activity with the IC50 values of 
216.69 ppm. The column chromatography analysis 
showed that AMFH obtained four fractions namely 
AMFH1; AMFH2; AMFH3, and AMFH4. The GC-MS 
analysis showed that Myristicin, Terpinen-4-ol, 
dan α-Terpineol were present in AMFH and its 
fractions. The DPPH assay showed that AMFH3 
fraction showed excellent antioxidant activity with 
the IC50 values of 59.32 ppm. However, this activity 
is still poor compared with the Ascorbic acid (a 
positive control) with the IC50 values of 3.86 ppm. 
The AMFH3 fraction was isolated, and four sub-
fractions were obtained, i.e. AMFH3A; AMFH3B; 
AMFH3C; and AMFH3D. The results of the 
antioxidant activity test using the DPPH assay 
showed that the AMFH3A sub-fraction produced 
the highest antioxidant activity with an IC50 value 
of 98.99 ± 0.98 ppm.  

The antibacterial activity showed that the 
AMFH3A sub-fraction showed slightly higher 
activity against Staphylococcus epidermidis 
compared to Staphylococcus aureus with the 
inhibition diameter of 14.28 mm and 12.26 mm 
respectively. GC-MS analysis was performed on the 
AMFH3A sub-fraction, and the results showed that 
the AMFH3A sub-fraction contains Myristicin 
followed by Terpinen-4-ol, Safrole, and α-
Terpineol with the percentage area of 54.77%; 
14.37%; 7.36%; and 2.16%  respectively. 
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