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Abstract
This paper focuses on the chemical composition, antioxidant, cytotoxicity (brine shrimp lethality
and hemolytic assay) and antimicrobial activities of essential oil of mace (Myristica fragrans) oil. We
have found 33 compounds as evidenced by GC-MS analysis. The most prominent of these compounds
are safrole, β-phellandrene, 3-p-menthene and L-terpinen-4-ol. Antioxidant activity of the mace
essential oil was examined using the free radical scavenging assay (21.95 μg/mL), β-carotene in linoleic
acid and percent inhibition in linoleic acid (67.9 %) system. Four pathogenic fungi, 4 gram positive and
2 gram negative bacteria were used for antimicrobial activity of oil. Aspergillus niger and Streptococcus
mutans proved to be most sensitive with MIC values i.e. 1.01 and 1.72 mg/mL, respectively. The mace
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essential oil exhibited toxicity with LC50 value 31.05 μg/mL cytotoxicity against nauplii of Artemia
salina and minimum hemolytic activity was recorded as 5.21% at 0.5 mg/mL concentration.

Keywords: mace, essential oil, Artemia salina, hemolytic assay, probit analysis

Introduction
Free radicals are responsible for the reactions
occurring in food systems. Normally the free radicals
are integral part of physiology and are present either in
the form of reactive, short lived oxygen and nitrogen
species [1-3]. Overproduction of these reactive species
occurs due to oxidative stress caused by imbalance
of antioxidant defence system in human beings [46]. In spite of having a variety of methods for food
presservation, the deterioration of food and other eatables
is still a big issue for industrialists and consumers.
Despite of these preservation methods, microbial
contamination and peroxidation of lipids in food items
results in poisoning of food and reduction in shelf life. It
also leads to different food borne diseases and economic
losses [7]. That is why people are in search of substances
of natural origin like extracts and essential oils which
could be used as food preservatives [8].
To prolong the shelf life of the foods with
polyunsaturated moities, the antioxidants has been
used excessively in food industry. Antioxidants can be
very effective alternate for food storage and slowing
down its oxidation process [9]. The frequent use of
synthetic antioxidants has now been restricted due to
their carcinogenic effect towards health. Therefore
finding non-carcinogenic antioxidants has been a matter
of great interest for scientists which could be effective
and have the ability to protect human body against free
radicals and their lethal effects by which they become
responsible for chronic diseases [10]. A large number of
studies have been carried out so far in which a variety
of plant based antioxidant sources have been explored
[11]. In addition, oxidative damage in our body can be
prevented by formulated these natural antioxidants as
functional foods and nutraceuticals.
Essential oils have got the attention of scientists as
they have proved to be a potential source of preservation
of food, pharmaceuticals, alternative medicines and
natural therapies. Besides these, they have shown
several pharmacological effects, like hepatoprotective,
carminative, spasmolytic, anti-carcinogenic and
antiviral effects. The attention towards these is also due
to their behaviour against microbes and oxidants which
proved their action for food security.
The mace tree is a large, leafy evergreen plant,
cultivated in tropical regions and native to Indonesia
and West Indies. There are multiple applications of
mace oils e.g. flavouring of meat products, liquors and
perfumery products. A lot of work has been done on
biological activities of nutmeg essential oil but as for as
mace is concerned, only extracts have been evaluated
[12].

The goal of the current research was to find out
the composition, various other properties including
antioxidant, cytotoxic and antimicrobial properties of
essential oil of mace extracted by hydro distillation.

Materials and Methods
The sample of seeds of Myristica fragrans was
collected from Pothohar region of Pakistan. Mace was
fleshy red, net like skin over seeds, separated and dried.
Hydrodistillation method has used for the extraction
of essential oils by boiling the plant material in wáter
[13]. For this purpose 200 g of dried mace was dipped
into wáter in and boiled for 3 h 10 min. The oil due to
its hydrophobic nature made a separate layer and was
separated using a separatory funnel. Furthermore, the
wáter contents of oil was removed using anhydrous
sodium sulphate, followed by filtration and then filtrate
was stored in sealed glass bottle at 4 oC. Different
physical parameters like colour, refractive index,
solubility and density of oil were determined using
standard methods [14].
Essential oil sample was analyzed using HP 5890
GC equipped with MSD 5972 [15]. Antioxidant
activity of the mace essential oil was determined with
slight modiﬁcations [16]. The percent Inhibition was
calculated.

...where A stand for absorbance, while c and s in
subscript indicate control and sample respectively.
The antioxidant activity was denoted as IC50 (μg/
ml); the lesser the IC50 value, the higher is antioxidant
activity [17]. The thiocyanate method was used for
measurement of oxidation [18]. Antioxidant activity
was also assessed by bleaching β-carotene/linoleic
acid emulsion system with slight modiﬁcation [19].
The antimicrobial activity of sample was tested against
4 gram-positive bacteria: Bacillus subtilis, Lactobacillus
rhamnosus, Staphylococcus aureus, Streptococcus
mutans, 2 gram-negative bacteria: Escherichia coli
and Pasteurella multocida and 4 pathogenic fungi:
Alternaria alternata, Aspergillus flavus, Aspergillus
niger and Ganoderma lucidum. Antimicrobial activities
were determined following the methodology of National
Committee for Clinical Laboratory Standards (NCCLS)
[20]. The minimum inhibitory concentration (MIC)
was determined using 96-well plates by following the
methodology of NCCLS [21]. The brine shrimp lethality
test was performed following procedure by McLaughlin
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[22]. The hemolytic activity was investigated using
human and bovine erythrocytes using the method
reported by Sharma and Sharma [23]. The haemolysis
was calculated as follow:

For statistical analysis, data obtained from brine
shrimp lethality assay was organized by dose, the
number of subjects, and the number of lethal events.
Probit Analysis was performed using Proc Probit log10
(SAS/STAT 9.3_M1, SAS Institute, Inc. Cary, NC).
Results for all statistically significant data also include
95% fiducial limits.

Results and Discussion
The colour and yield of oil was pale brown and
1.75% respectively. Similarly, some other physical

Fig. 1. β-Carotene bleaching inhibition activities of Mace
essential oil and BHT.

parameters like refractive index (1.364±0.004) and
density (0.95 g/cm3) were also calculated. 33 compounds
were identified representing about 98% of total weight
by GC-MS analysis of the mace essential oil. The major

Table 1. Antimicrobial activity of mace essential oil.
Tested organisms

Mace essential oil

Rifampicin

Terbinafine
-

Inhibition zone (mm)
B. subtilis

6.7±1.5

10.8±2.1

L. rhamnosus

8.0±1.0

15.5±0.8

S. aureus

10.7±1.5

15.1±1.0

S. mutans

14.3±0.5

13.4±0.7

E. coli

10.3±1.1

9.6±1.3

-

P. multocida

8.3±1.1

11.6±1.5

-

A. niger

21.3±1.5

-

21.7±1.2

A. flavus

6.3±0.5

-

11.4±1.4

A. alternata

11.7±0.5

-

14.2±0.8

G. lucidum

8.7±1.5

-

9.1±0.4

-

Mínimum inhibitory concentration (MIC) mg/mL
B. subtilis

3.44±0.3

1.72±0.2

-

L. rhamnosus

4.06±0.2

2.81±0.3

-

S. aureus

2.81±0.1

2.19±0.2

-

S. mutans

1.72± 0.2

2.03±0.1

-

E. coli

1.88±0.1

2.34±0.2

-

P. multocida

2.5±0.1

2.03±0.1

-

A. niger

1.01±0.2

-

0.94±0.1

A. flavus

3.75±0.1

-

2.81±0.2

A. alternata

2.81±0.2

-

2.34±0.2

G. lucidum

2.03±0.2

-

1.88±0.1

Valúes are means±standard deviation
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components were safrole (49.09%), β-Phellandrene
(18.27%), 3-p-Menthene (10.76%) and L-Terpinen-4-ol
(3.35%). Some other scientists have reported análysis
of essential oil extracted from Myristica fragrans
seed. They reported thirty-two compounds including
sabinene (21.38%), 4-terpineol (13.92%), myristicin
(13.57%), α-pinene (10.23%) and limonene (5.57%) as
main components [24].
The DPPH• has been used as a useful tool for
the evaluation of antioxidant capacity of different
materials as it is a stable free radical. The underlying
mechanism is either the hydrogen atom transfer
or electron to DPPH• making it neutralized in an
antioxidant and DPPH• interaction [25]. The decrease in
DPPH• concentration was noticeable due to change of
its colour from purple to yellow which was measured
in term of absorption taken by spectrophotometer at
515 nm. The examined essential oil of mace reduced
the stable, purple-coloured radical DPPH into its
reduced form which was yellow coloured. Samples with
lower IC50 values have strong antioxidant potential.
In the present study, mace sample has shown good
antioxidant property with IC50 = 21.95 μg/mL compared
to BHT with IC50 = 3.46 μg/mL. Chatterjee et al. [26]
reported the extract from the mace essential oil has
higher antioxidant activity. It was attributed to the
presence of lycopane that boost the activity of whole
extrat.
Kapoor et al. [18] also tested antioxidant potential
of Myristica fragrans using DPPH and linoleic acid
Inhibition assays. Inhibition by linoleic acid oxidation
system through the thiocynate method was used to
investigate the antioxidant activity of the samples from
mace essential oil. Linoleic acid is an unsaturated fatty
acid, when it undergoes oxidations, it oxidizes ferrous
and ferric ions by different peroxides and resultantly
forms complex with thiocyanate ions coming from
ammonium thiocyanate. The concentration of the
complex formed was determined by measuring the
absorbance at 500 nm spectrophotometrically. Larger
absorbance values exhibit more peroxides formation
during the process and hence lower the antioxidant
activity of that oil. All concentrations of essential oil
showed appreciable inhibition, ranging from 19 % to
68% and were compared with BHT whose inhibition
was 81%. It is clear that sample with concentration
50 μL/mL has maximum inhibition 68 % while with
10 μL/mL the inhibition was 19%. Mathew and
Abraham also obtained similar findings using different
concentrations of cinnamon extracts and percent
inhibition increased from 81.8% to 93.3% with varying
concentrations from 25-200 μg/mL [27].
Fig. 1 shows the bleaching of β-carotene by mace
essential oil as antioxidant in linoleic acid system. The
absence of antioxidants results in rapid discoloration
of β-carotene and the antioxidant neutralizes linoleate
or any other free radical and thus inhibits destruction
of β-carotene present in the system [28]. The decrease
in absorbance of β-carotene is inversly proportional
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to antioxidant activity and directly related to rate of
linoleic acid oxidation. The control showed maximum
colour depletion due to absence of sample.
Ten pathogenic microorganisms were used for
antimicrobial activity of the mace essential oil and
Table 1 shows the results of MIC measured using disc
diffusion method. The results have shown that there is
a remarkable activity in the case of some pathogens as
compared to antibiotic. Among bacteria S. mutans and
E. coli were most sensitive microorganisms showing
largest inhibition zones (14.3 mm & 10.3 mm) with
lowest MIC values (1.72 mg/mL & 1.88 mg/mL). The
most dynamic and sensitive result has been revealed by
A. niger with the lowest MIC value (1.01 mg/mL) and
highest inhibition zone (21.3 mm).
Similar results have been reported by Shafiei et
al. [29]. They reported the evaluation of mace, flesh
extracts and seed of Myristica fragrans against strains
of various pathogens. The extract of flesh was better
tan seed and mace with reference to activity against the
pathogens.
Mace essential oil has proven to be better candidate
in regard to the brine shrimp lethality test with LC50
values of 31.05 μg/mL and showed the moderate
activity in comparison with other essential oils. This
different behaviour could be associated to the presence
of safrole in higher concentrations. The results were
found to be significant. Another study was reported for
A. subulatum seed and rind oils. The test for cytotoxic
behaviour was performed and both have shown
moderate activity with the LC50 values of 28.1 and
15.0 μg/mL, respectively [30].
Results of hemolytic activity have shown that
essential oil of mace revealed taht the maximum
hemolytic activity was found at 10 mg/mL while
minimum was observed at 0.5 mg/mL. The maximum
values were 7.24 % and 9.93 % for bovine and human
erythrocytes respectively while minimum values were
recorded as 0.31 % and 0.52 % for bovine and human
erythrocytes respectively. It is important to analyze
the hemolytic activity of drugs. This could be useful
indicator for cytotoxicity which determine whether
pharmacological applications are viable [31, 32]. The
mace essential oil showed less cytotoxicity compared
to other plant oils and extracts. This peculiar feature
recommend its suitability for pharmacological purpose
especially at lower concentrations.

Conclusions
Mace from Pothohar region (Pakistan) was
subjected to essential oil extraction (1.75 g/100 g).
GC-MS analysis revealed that it was enriched with
safrole (49.09 %). Antioxidant and antimicrobial
activities of mace oil was evaluated using various
assays. The results have revealed its good potential as
an antioxidant and antimicrobial agent in comparison
with that of control. Cytotoxicity studies indicated that
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it showed little cytotoxic effect at lower doses which
makes it suitable for its use as medicinal purposes.
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