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Abstract. Aryani F, Kusuma IW, Meliana Y, Sari NM, Kuspradini H. 2023. Potential antibacterial and antioxidant activities of ten
essential oils from East Kalimantan, Indonesia. Biodiversitas 24: 665-672. This study aimed to evaluate ten aromatic essential oils'
antibacterial and antioxidant activity. Ten aromatic herbs were distilled using the water and steam distillation method. The essential oils
obtained was tested for its physical properties, color, refractive index, and specific gravity. The refractive index was measured using a
refractometer. On the other hand, specific gravity was measured using a pycnometer. Antioxidant activity testing using the free radical
DPPH (2,2-diphenyl-1-picrylhydrazyl) and ascorbic acid was used as the control. Antibacterial activity testing using the agar diffusion
method and pathogenic bacteria, namely Salmonella typhi, Escherichia coli, Propionibacterium acnes, and Staphylococcus aureus.
Chloramphenicol was used as a positive control and acetone as a negative control. The results obtained essential oils with a slightly
yellowish to brownish-yellow color. The highest refractive index and specific gravities were Syzygium aromaticum oil, and the smallest
was Litsea elliptica and Eucalyptus pellita oils. The results of the antioxidant activity test carried out at a concentration of 500 pg/mL
range from 4.82 % to 85.06 % inhibition and showed that the highest inhibition was Cymbopogon citratus and Syzygium aromaticum by
55.76 % and 85.06%, respectively. Antibacterial activity of ten essential oils showed a varied inhibition zone (0-60 mm) against S. typhi,
E. coli, P. acnes, and S. aureus. The oil from Cymbopogon citratus and Citrus hystrix had the highest activity against S. typhi (60 and
21.67 mm, respectively), E. coli (60 and 20.33 mm, respectively), P. acnes (60 and 31.11 mm, respectively) and S. aureus (60 mm and
17.89 mm, respectively). The research results showed that the essential oils in this study had the potency for development as a natural

antibacterial and antioxidants agents.
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INTRODUCTION

Essential oils is a low molecular weight compound
produced by plants. Essential oils plays an important role
as a regulator of metabolism against environmental stress
and pathogen attack. In addition, it is considered a
therapeutic drug for treating animal and human infectious
diseases (Rhimi et al. 2022). Essential oils is also a
compound with the lowest molecular weight produced by
the plant. The composition of essential oils includes
complex mixtures of several compounds. The main group
consists of terpenes, terpenoids, and other aromatic and
aliphatic constituents, all characterized by low molecular
weights (Mihai and Popa 2013).

Essential oils and their respective volatile constituents
have been integral to human civilization for thousands of
years. Essential oils is widely used as a fragrance in
perfumes and cosmetics, contributes to a healthy diet, and
acts as an active ingredient in pharmaceutical products. The
antibacterial, antiviral and anti-inflammatory properties of
essential oils are used for causal and symptomatic therapy
of several diseases and prevention. It was obtained from
nature, mostly plant materials. Essential oils is a multi-
component mixture of more than one constituent substance

to several hundred specific compounds. The use of
essential oils integrative will play an important role in the
world of human and veterinary medicine now and in the
future. Essential oils have been widely used globally, for
example, in aromatherapy, psychosomatic complaints, and
inhalation (Bunse et al. 2022).

Essential oils with antifungal, antibacterial and antiviral
properties have been screened worldwide as potential
sources of natural antimicrobial compounds. Essential oils
can be used as an alternative to treat infectious diseases and
are promoted as food preservatives (Solérzano-Santos and
Miranda-Novales 2012; Naeem et al. 2018). Cancer disease
had the highest death among other conditions worldwide.
The treatment of conventional synthetic is widely used to
have side effects (Sharma et al. 2022).

Research related to antioxidant activity in search of
anti-inflammatory activity in essential oils has also
increased over the last few years (Miguel 2010). Essential
oils antioxidants must be developed on their potential as
preservatives, cosmeceuticals, or nutraceuticals in the food
and cosmetic industry. The antioxidant activity of essential
oils may prevent lipid peroxidation, free radical
scavenging, and in some cases, chelating metal ions. In
addition, the antioxidant effect of aromatic plants caused
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the presence of a hydroxyl group from the phenolic
compound of essential oils.

Phenylpropanoid compounds were synthesized phenolic
compounds biochemically from the Shikimic acid. This
compound could donate hydrogen to highly reactive
radicals as antioxidants, thereby preventing radical
formation (Aidi Wannes et al. 2010). East Kalimantan is
renowned for its biodiversity and natural resources,
including aromatic plants and medicinal plants. The
potential of East Kalimantan's medicinal plants and
essential oils has been extensively researched, including its
potential to be developed as antioxidants, antibacterials,
anticancer agents, and other substances (Kuspradini et al.
2019; Ramadhan et al. 2022). However, using plants as
essential oils that originate from East Kalimantan has been
widely practiced. Conversely, studies on the antioxidant
and antibacterial activity of essential oils such as Litsea

angulata, Litsea elliptica, Cymbopogon  nardus,
Cymbopogon citratus, Pogostemon heyneatus, Citrus
hystrix, ~Syzygium aromaticum, Eucalyptus pellita,

Cananga odorata, and Melaleuca leucadendra have not
been observed. This study aimed to investigate and
compare the antibacterial activity of ten aromatic essential
oils found in East Kalimantan against pathogen bacteria, as
well as to identify the most effective essential oils obtained
from these plants.

MATERIALS AND METHODS

Study area

Aromatic plant samples were collected from several
areas in East Kalimantan. Litsea angulata, Litsea elliptica,
Cymbopogon nardus, Cymbopogon citratus, Pogostemon
heyneatus, Citrus hystrix, and Syzygium aromaticum from
Samarinda. Eucalyptus pellita from Sebulu, Cananga
odorata from Tenggarong, and Melaleuca leucadendra
from Samboja.

Water and steam distillation method

The essential oils were collected by the water and steam
distillation method with slight modification (Kartiko et al.
2021). First, the samples were distilled for 4 hours, and
then the oils were collected and separated using a
separatory funnel. Finally, MgSO. was added to the oils.
The collected essential oils were sealed in a vial bottle and
presented in the percentage of yield.

Physico-chemical characteristics

The Physicochemical properties of ten essential oils
were characterized by color, specific gravity, and refractive
index. The color of ten essential oils was determined
visually (Kartiko et al. 2021). The specific gravity was
determined using a pycnometer (Boukhatem et al. 2014);
and the refractive index was determined using a hand
refractometer (Kartiko et al. 2021).

Gass Chromatography-Mass Spectrometry analysis
The volatile composition of Cymbopogon citratus,
Citrus hystrix, and Syzygium aromaticum essential oils was
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analyzed by GC-MS (Ultra Shimadzu-QP-2010), with an
RTX5 column (30 m x 250 pm ID) with slight
modification (Sohilait and Kainama 2016), with the
following program: from 70°C to 250°C at 25.71°C.minute”
!, injection temperature 250°C, the detector temperature
was 250°C, split ratio 200, the inlet pressure was 98.3 kpa,
carries gas helium, and flow rate of 3ml.minute. The
composition was reported as the peak area percentage and
identified by comparing mass spectra with the reference
mass spectra in NIST databases and literature.

DPPH antioxidant activity testing

The antioxidant test using the Shimizu et al. (2001)
method was carried out using a solution of DPPH (2,2-
diphenyl-1-picrylhydrazyl) as a free radical, and a UV-VIS
spectrophotometer at a wavelength of 517 nm and ascorbic
acid was used as a positive control. The test of antioxidants
using five concentrations was grouped into 31.25 pg/mL,
62.5 pg/mL, 125 pg/mL, 250 pg/mL, and 500 pg/mL.
About 33 pL sample was mixed in a glass tube with 467
pL of ethanol added and 500 pL of 2,2-diphenyl-1-
picryhydrazyl (DPPH) radical scavenging activity (0.1 mM
DPPH solution). The samples were incubated for 25
minutes in a low-light room at room temperature after the
absorbance was measured. The antioxidant activity of the
sample extracts was determined based on the percentage of
inhibition relative to the control using this equation:

AControl—-ASample
AcControl

% inhibition = x 100

Antibacterial activity testing

Antibacterial activity testing in vitro was carried out
(Arung et al. 2017), modified in vitro testing of
antibacterial activity using pathogenic test bacteria, namely
Staphylococcus  aureus,  Propionibacterium  acne,
Salmonella typhi, and Escherichia coli. Nutrient Agar (NA)
was sterilized using an autoclave at 121°C for 15 minutes.
After that, under aseptic conditions (in laminar flow), the
media was poured into sterile Petri dishes and allowed to
solidify. Bacterial suspension with a transmittance value of
70-75% at a wavelength of 600 nm was whitewashed on
the surface of the media and leveled using a leveling glass.
Then a hole was made in the media with a diameter of 7
mm. The positive control was chloramphenicol with a dose
of 10 pg in one well, and the negative control was acetone.
The bright area around the well showed inhibition.

RESULTS AND DISCUSSION

The results of the refractive index and specific gravity
tests for ten types of essential oils of L. elliptica and E.
pelita oils (Figure 1) with the lowest refractive index was
1.434 and specific gravity of 0.8396 and 0.8982,
respectively (Table 1). The highest vyield was
S.aromaticum, with a refractive index of 1.526 and a
specific gravity of 1.0155. The index of refraction is the
ratio between the speed of light in air and oil.
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The ingredient components influence the refractive
index value of essential oils. It is suspected that L. elliptica
and E. pellita contain compounds with low molecular
weights so that it has low refraction index. The longer the
chain components, such as the sesquiterpene components,
the higher the specific gravity of the essential oils. As a
result, the incident light will be more difficult to refract.
This factor can cause a greater refractive index of oil (Dewi
et al. 2018). The ingredient components of essential oils,
such as Syzygium aromaticum, Cymbopogon citratus, and
Cytrus hystrix, were detected by GC-MS analysis (Table
2). The tests of three potential essential oils were recorded
in this study. As a result, there were three dominant
compounds found.

The essential oils of S. aromaticum had a major
compound 3-Allyl-6-methoxyphenol (eugenol) by 71.97%;
this result is higher compared to similiar studies by
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63.56%, 49.16%, 52.68% and 52.46% of eugenol
(Kurniasari 2013; Putri et al. 2014). Other studies also
reported a high concentration of eugenol at 84.63% (Uchda
Lopes et al. 2020), which is a content higher than those
obtained in the present study. The essential oils of C.
citratus had a major compound E-Citral (geranial) by
50.65%, while other studies reported geranial compound of
1.14%, 5.35%, and 25.03% (Ajayi et al. 2016; Nikhil et al.
2021; Guntarti et al. 2022). Finally, the essential oils of C.
hystrix had a major compound 6-Octenal, 3,7-dimethyl-,
(R)- (citronella) by 74.83%. Other studies reported
citronella compound by 56.99% and 85.4% (Hien et al.
2020; Astuti et al. 2022). The differences in a major
compound in essential oils according to the place where
samples were collected, variety, sample preparation, and
distillation method (Amelia et al. 2017; Teles et al. 2021).

6 7 8 9 10

Figure 1. Color variations of essential oils from 10 plants. 1. Litsea angulata, 2. Litsea elliptica, 3. Cymbopogon nardus, 4. Eucalyptus
pellita, 5. Melaleuca leucadendra, 6. Syzygium aromaticum, 7. Cananga odorata, 8. Pogostemon heyneatus, 9. Cymbopogon citratus,

10. Citrus hystrix

Table 1. Observation of color, refractive index, and specific gravity of essential oils

Refractive index Spesific gravity
Plant Color (20°C) (20°C)
Litsea angulata Yellowish 1.474 0.8645
Litsea elliptica Yellowish 1.434 0.8396
Cymbopogon nardus Slightly yellow 1.478 0.9248
Eucalyptus pellita Yellow 1.434 0.8982
Melaleuca leucadendra Greenish yellow 1.496 0.9245
Syzygium aromaticum Light yellow 1.526 1.0155
Cananga odorata (Flower) Yellow 1.494 0.9106
Pogostemon heyneatus Yellow 1.501 0.8713
Cymbopogon citratus Brownish-yellow 1.484 0.9028
Citrus hystrix yellow 1.449 0.8554

Table 2. Chemical compositions of Syzygium aromaticum, Cymbopogon citratus, and Citrus hystrix essential oils by GC-MS analysis

Plant Peak R.Time® Compounds Synonym MFP MWE %
(g/mol) area
Syzygium aromaticum 1 10.033  3-Allyl-6-methoxyphenol Eugenol C10H1202 164 71.97
2 10.849  trans-p-Caryophyllene - CisHzs 204 23.48
3 11.294  a-humulene - CisHzs 204 2.38
Cymbopogon citratus 1 8.637 E-Citral Geranial C10H160 152 50.65
2 8.208 Z-Citral Neral C10H160 152 35.63
3 4572 B-Myrcene - CioHae 136 6.24
Citrus hystrix 1 6.910 6-Octenal, 3,7-dimethyl-, (R)- Citronella C10H1s0 154 74.83
2 9.696 6-Octen-1-ol, 3,7-dimethyl-, acetate  Citronellyl acetate = C12H2202 198 11.77
3 8.100 B-Citronellol Citronellol CioH200 156 2.56

Note: °R. Time (Retention Time), "MF (Molecular Formula), ‘MW (Molecular Weight).


https://www.trc-canada.com/product-detail/?C525035
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Antioxidant activity was determined using the DPPH
(2,2-diphenyl--picrylhydrazyl) for ten essential oils at a
concentration of 500 pg/mL, with the results shown in
Figure 2. The highest value with DPPH radical inhibition
was S. aromaticum and C. citratus oils by 85.06% and
55.76%, respectively. The lowest inhibition value was L.
Elliptica by 4.82%. This difference occurs due to differences
in the content of compounds in each essential oils. Eugenol
is the largest compound component in S. aromaticum oil,
with 73.2% (Alawiyah et al. 2019) and 58.6% (Hasim et al.
2016). The high eugenol in S. aromaticum oil causes high
antioxidant activity (Hassine et al. 2021). According to
many scientific reports, the high eugenol content proves
that eugenol is a strong chelator with an 1Csp value ranging
from 4.4 to 130.5 g/mL. In another report, Ogata et al.
(2000) stated that eugenol could inhibit lipid peroxidation
by trapping active oxygen species such as O or hydroxyl
radicals by breaking free radical chain reactions. This
study's antioxidant activity of C. citratus oil obtained an
ICso value of 441.29 pg/mL. This value was smaller than
the results of Anggraeni et al. (2018), with an I1Cs, value of
15914.0 pg/mL. Several studies have been conducted on C.
citratus oil, summarized by Zahra et al. (2020), stating that
the main compound in C. citratus oil is citral, which acts as
an antioxidant. Besides, C. citratus also contains linalool,
which can reduce oxidative stress.

According to Radiinz et al. (2021), S. aromaticum oil
showed activity against free radicals such as hydroxyl and
nitric oxide, also precursors of Chronic Non-
Communicable Diseases (CNCDs). S. aromaticum oil also
could inhibit o-amylase and a-glucosidase as
antihyperglycemic agents. Several reports about S.
aromaticum oil suggest the oils contain the highest amount
of phenolic compounds with biological activities such as
antibacterial, antioxidant, insecticidal, and antifungal

Litsea angulata

Litsea elliptica
Cymbopogon nardiis

Eucalyptus pellita

& Melaleuca leucadendra
% Svzveium aromaticum
& Cananga odorata
Pogostemon heyheatus
Cymbopogon cifratus
Citrus hystrix

Ascorbic acid
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(Golmakani et al. 2017; Hatami et al. 2019; Batiha et al.
2020; Haro-Gonzalez et al. 2021).

Several concentration variations were carried out, such
as 0.25%. 0.5%, 1%, 2%, 4%, and 8%, to determine the
Minimum Inhibitory Concentration (MIC). Of the four
bacteria tested, C. citratus can inhibit bacterial growth to
the smallest concentration in the test at 0.25%. The MIC
C.citratus <0.25%, even at 4% and 8% concentrations, had
no bacterial growth. C. citratus oil proved effective against
all test bacteria. On the other hand, antibacterial activity
increased with increasing oil concentration. Several studies
by Mukarram et al. (2022) and Gao et al. (2020) stated that
the major component of the citral compound acts as an
antimicrobial in Cymbopogon citratus oil. These results are
similar to those of Naik et al. (2010), who stated that C.
citratus oil was effective against drug-resistant organisms
and recommended using C. citratus to help treat infections
caused by drug-resistant organisms.

In addition to Cymbopogon citratus oil as a strong
antibacterial, Table 3, 4, 5, and 6 also presents the
antibacterial activity of the essential oils of L. angulata, L.
elliptica, C. nardus, E. pellita, M. leucadendra, S.
aromaticum C. odorata, P. heyneatus, and C. hystrix. From
the comprehensive information obtained that all essential
oils have the potential as antibacterial agents with varying
MIC. A study by Masyita et al. (2022) reported that the
main components of essential oils compounds, namely
terpenes and terpenoids with great potential as
antimicrobials. Studies about Cymbopogon citratus oil
have shown antioxidant and antimicrobial activities in vivo
and in vitro (Dangkulwanich and Charaslertrangsi 2020;
Loko et al. 2021). Furthermore, several studies of the genus
Cymbopogon proved the effectivity against bacteria,
including Candida albicans, Streptococcus mutans,
Escherichia coli, Staphylococcus aureus, and Salmonella
enterica (Abdel-Gwad et al. 2021; Martins et al. 2021).

Percentage (%) of 500 pg/ml Consentration

Figure 2. Percentage of DPPH radical inhibition of ten essential oils at a concentration of 500 pg/mL



Table 3. Antibacterial of essential oils against Salmonella typhi

Amount of extracts applied

Samples 0.25% 0.50% 1% 2% 4% 8%
1Z (mm) Al (%) 1Z (mm) Al (%) 1Z (mm) Al (%) 1Z(mm) Al (%) 1Z(mm) Al (%) 1Z (mm) Al (%)
Chloramphenicol 0.5% 26.33 +0.58
Litsea angulata 0 0 0 0 0 0 0 0 15.56 +0.69 59 17.22 £+0.51 65
Litsea elliptica 8.56 +0.38 32 9.22 +0.19 35 10.11 +0.38 38 12.44 £0.19 47 14.89 £0.51 57 17.78 £0.77 68
Cymbopogon nardus 10.00 +£0.33 38 11.78 £0.51 45 12.15 +£0.32 46 12.22 £0.19 46 12.56 £0.19 48 13.56 £19 51
Eucalyptus pellita 0 0 0 0 0 0 12.11 +1.50 46 13.67 +0.67 52 14.67 +0.67 55
Melaleuca leucadendra 0 0 0 0 0 0 0 0 11.56 +1.95 44 15.44 +0.51 58
Syzygium aromaticum 9.33+0.00 35 10.78 £0.19 41 12.11 +0.38 46 14.56 +0.84 55 17.67 £0.33 67 21.67 £0.33 82
Cananga odorata 10.67 £0.33 40 12.11 +0.51 46 12.44 £0.38 47 13.00 £0.58 49 13.44 £0.69 51 14.22 £0.19 54
Pogostemon heyneatus 0 0 0 0 9.00 +0.33 34 9.56 +0.19 36 15.33 £0.33 58 16.89 +0.69 64
Cymbopogon citratus 12.56 £0.51 47 16.67 £0.33 63 20.67 £0.88 78 28.56 £0.84 108 60 227 60 227
Citrus hystrix 0 0 0 0 0 0 0 0 60 227 60 227
Note: *I1Z: Inhibition Zone; Al: Activity Index.
Table 4. Antibacterial of essential oils against Escherichia coli
Amount of extracts applied
Samples 0.25% 0.50% 1% 2% 4% 8%
1Z (mm) Al (%) 1Z (mm) Al (%) 1Z (mm) Al (%) 1IZ(mm) Al (%) 1Z(mm) Al (%) 1Z (mm) Al (%)
Chloramphenicol 0.5% 22.33+0.33
Litsea angulata 0 0 0 0 0 0 0 0 11.78 +0.69 53 14.89 +0.19 67
Litsea elliptica 0 0 0 0 8.22 £0.19 32 8.67 £0.33 39 13.89+1.35 62 15.56 +0.38 70
Cymbopogon nardus 9.33+0.33 42 11.00 +0.67 49 12.33 +0.33 55 12.56 +1.07 56 13.67 +1.45 61 15.00 +0.33 67
Eucalyptus pellita 0 0 0 0 0 0 11.89 +0.51 53 13.56 +0.84 61 17.33 +0.33 78
Melaleuca leucadendra 0 0 0 0 10.00 +0.88 45 11.56 +0.51 52 12.89 +0.77 58 16.44 +0.69 74
Syzygium aromaticum 9.89 +£0.19 44 11.67 +0.33 52 13.44 +0.51 60 15.56 +0.19 70 18.89 +0.51 85 20.33 £0.33 91
Cananga odorata 0 0 0 0 13.11 +0.19 59 13.14 +0.51 60 14.00 +0.33 63 15.00 +0.67 67
Pogostemon heyneatus 8.00 +0.33 37 9.44 +0.19 42 10.89 £0.19 49 12.33 £0.33 55 15.11 +0.19 68 15.44 +0.38 69
Cymbopogon citratus 11.44 +0.19 51 12.67 +0.33 57 18.78 +0.51 84 23.56£+0.38 105 60 269 60 269
Citrus hystrix 11.44 +0.19 51 12.67 +0.33 57 13.56 +0.19 61 60 269 60 269 60 269

Note: *1Z: Inhibition Zone; Al

: Activity Index.



Table 5. Antibacterial of essential oils against Propionibacterium acnes

Amount of extracts applied

Samples 0.25% 0.50% 1% 2% 4% 8%
1Z (mm) Al (%) 1Z (mm) Al (%) 1Z (mm) Al (%) 1Z (mm) Al (%) 1Z (mm) Al (%) 1Z (mm) Al (%)

Chloramphenicol 0.5% 20.78 £0.51

Litsea angulata 0 0 9.33+0.33 45 10.11 +0.38 49 10.78 +0.51 52 14.67 +£0.33 71 17.56 +0.38 84
Litsea elliptica 0 0 0 0 9.67 +0.88 47 12.00 +0.33 58 13.22 +0.19 64 14.00 +0.33 67
Cymbopogon nardus 0 0 9.67 £0.33 47 12.56 £0.19 60 13.11 £0.51 63 14.44 £1.02 70 15.44 +0.69 74
Eucalyptus pellita 0 0 0 0 9.67 +0.88 47 15.78 +84 76 15.89 +0.51 76 18.89 +0.84 91
Melaleuca leucadendra 8.33+0.33 40 8.78 +0.19 42 10.22 +£0.19 49 10.56 +0.19 51 12.67 +£0.33 61 17.44 +0.19 84
Syzygium aromaticum 0 0 15.33 +£0.88 74 22.33 +0.67 107 27.22 +0.69 131 28.56 £0.51 137 31.11 +£0.84 150
Cananga odorata 9.00 £0.51 43 12.67 +0.33 61 13.22 +£0.19 64 13.89 +0.51 67 14.44 +0.69 70 16.11 +0.51 78
Pogostemon heyneatus 9.78 £+0.51 47 10.33 +0.33 50 10.56 +0.51 51 11.78 +0.38 57 12.00 +0.33 58 13.67 +0.88 66
Cymbopogon citratus 10.22 +0.84 49 12.67 £0.33 61 16.78 £0.51 81 27.78 £0.19 134 60 289 60 289
Citrus hystrix 0 0 0 0 0 0 0 0 60 289 60 289

Note: *I1Z: Inhibition Zone; Al: Activity Index.

Table 6. Antibacterial of essential oils against Staphylococcus aureus

Amount of extracts applied

Samples 0.25% 0.50% 1% 2% 4% 8%
1Z (mm) Al (%) 1Z (mm) Al (%) 1IZ(mm) Al (%) 1Z(mm) Al (%) 1Z (mm) Al (%) 1Z (mm) Al (%)

Chloramphenicol 0.5% 25.78 £0.51

Litsea angulata 10.89 £0.19 42 11.33£0.33 44 12.56 £0.19 49 12.78 £0.38 50 13.33 £0.33 52 15.78 £0.51 61
Litsea elliptica 0 0 0 0 9.67 +0.88 38 11.78 £0.19 46 13.22 £0.19 51 14.11 0.38 55
Cymbopogon nardus 9.22+0.19 36 11.33 £0.67 44 11.78 £0.19 46 13.22 £0.38 51 13.89 £0.38 54 15.22 +0.84 59
Eucalyptus pellita 0 0 0 0 10.78 £0.51 42 13.67 £0.58 53 15.56 £0.69 60 17.89 £1.19 69
Melaleuca leucadendra 0 0 9.22 +0.19 36 10.22 £0.19 40 12.22 +0.51 47 14.22 +0.19 55 16.00 £0.33 62
Syzygium aromaticum 9.11+0.19 35 11.00 £0.67 43 12.44 £0.51 48 12.78 £0.51 50 15.56 £0.38 60 17.78 £0.51 73
Cananga odorata 9.33+0.33 36 10.78 £0.69 42 11.78 £0.69 46 11.89 £0.19 46 14.11 £0.38 55 14.56 £1.07 56
Pogostemon heyneatus 11.33+0.33 44 12.44 +0.19 48 12.78 £0.19 50 13.00 +0.33 50 13.78 £0.19 53 14.44 +0.19 56
Cymbopogon citratus 13.22 +0.19 51 15.44 £0.19 60 16.78 £1.02 65 25.67 £0.33 100 60 233 60 233
Citrus hystrix 0 0 11.33 £0.33 44 12.44 £0.19 48 16.89 £0.19 66 60 233 60 233

Note: *I1Z: Inhibition Zone; Al: Activity Index.
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E-Citral (geranial) is a major compound of C. citratus
oil reported to inhibit the growth of pathogens bacteria.
Therefore, the Geranial compound of C. citratus oil had
significant potential for pharmaceutical application of
treatment infections against Staphylococcus aureus and
Candida albicans. Furthermore, a study by Gao et al.
(2020) on 6-Octenal, 3,7-dimethyl-, (R)- (citronella) as a
major compound of C. hystrix reported inhibiting bacteria
such as S. aureus, S. mutans, E. coli, and P. aeruginosa.
Citronella compound is an aldehyde functional group
known as an antibacterial (Husni et al. 2021).

Based on the research, all the essential oils used in this
study had the potential as antibacterial agents. In addition,
Syzygium aromaticum and Cymbopogon citratus oils had
the potential as natural antioxidants.
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