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Essential oils (EO) are fragrant extracts obtained 
from various plants. Their composition varies 
depending on the plant species from which they are 
extracted. EO can exhibit antimicrobial and antioxidant 

activities, making it a potential natural alternative 
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Abstract
Background: Many essential oils have antimicrobial and antioxidant activities with potential use in medicine. In Thailand, due to a lack of studies on 
clove, tea tree, lesser galangal, and eucalyptus oils.

Objective: To determine the inhibitory effect against microbial pathogens, antioxidant activity, and evaluate the chemical components of clove, tea 
tree, lesser galangal, and eucalyptus oils.

Materials and Methods: Antimicrobial activities which were collected of 46 clinical isolates of methicillin-sensitive and resistant Staphylococcus 
aureus, Acinetobacter baumannii, Escherichia coli, Pseudomonas aeruginosa, and Candida albicans were determined by the disk diffusion method. 
Antioxidant activity was performed by DPPH (1,1-diphenyl-2-picryl-hydrazyl) assay.

Results: Clove oil had the most antimicrobial activity, followed by tea tree oil, lesser galangal, and eucalyptus oils, respectively. By DPPH assay, clove 
oil had the most antioxidant activity, followed by tea tree and lesser galangal oils, respectively. The IC₅₀ of clove, tea tree, and lesser galangal oils 
were 0.01±0.00, 15.48±0.00, and 34.27±0.21 mg/mL, respectively. Antioxidant activity of eucalyptus oil was not found. Eugenol, alpha-terpineol, 
and terpinen-4-ol are components abundant in clove, tea tree, and lesser galangal oils, respectively. Antimicrobial activities of these components are 
indifferent (by mean ± SD) because inhibition zone diameters were 14.40±5.16, 14.02±5.32, and 12.71±5.59 mm, respectively.

Conclusion: The results suggested that clove, tea tree, lesser galangal oils, and their components may benefit new treatment or prevention against 
microbial infections. For antioxidant activity, eugenol demonstrated the highest inhibition. Following eugenol, alpha-terpineol, a chemical component 
in tea tree oil, showed significant antioxidant property, and terpinen-4-ol, found in lesser galangal oil, exhibited the least antioxidant capability. 
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What is already known about this topic?
According to the previous studies, both antimicrobial and antioxidant 
activities of EO were reported in clove, lemon, orange, cinnamon, coriander, 
eucalyptus, rosemary, tea tree, thyme, and parsley. Antibacterial activity was 
reported in Citrus hystrix (makrut lime) EO in Thailand. Therefore, the study 
of antimicrobial activity of EO in clinical microbial isolates obtained from Thai 
patients and antioxidant activity should be investigated.

What does this study add?
Clove oil had the most antimicrobial activity with an inhibition zone diameter 
(17.04±5.01 mm), followed by TTO (12.19±3.99 mm), lesser galangal 
(11.63±4.16 mm), and eucalyptus oils (7.54±1.49 mm). Eugenol, alpha-
terpineol, and terpinen-4-ol are chemical components abundant in clove, tea 
tree, and lesser galangal oils, respectively. Antimicrobial activities of these 
components are indifferent (by mean±SD). For antioxidant activity, clove oil 
had the most antioxidant activity, followed by tea tree and lesser galangal oils, 
respectively. Antioxidant activity of eucalyptus oil was not found. Following 
eugenol (a chemical component in clove oil), alpha-terpineol, a chemical 
component in TTO, showed significant antioxidant property, and terpinen-
4-ol, found in lesser galangal oil, exhibited the least antioxidant capability.
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for medicinal applications(1). The main bioactive 
compounds of EO are terpenes and terpenoids, which 
are responsible for the biological activities(1). The 
excessive and repeated use of the same drugs used in 
modern medicine leads to the development of drug-
resistant microbes, which make infections difficult 
or impossible to treat. Using antimicrobial agents 
may be limited due to the potential for toxicity and 
allergic reactions(2). It is interesting in the search for 
natural antimicrobial alternatives, such as EO, to avoid 
using chemical agents. EO gained increasing attention 
due to its therapeutic benefits and generally being 
considered safe according to the United States Food 
and Drug Administration(3). The antimicrobial activity 
and the minimum inhibitory concentration of EO are 
assayed by disk-diffusion and broth microdilution 
methods, respectively. The high phenolic-group-
containing compound present in EO is well-known 
for its antimicrobial activity(3). The antioxidant effect 
of EO is assayed by three methods: inhibition of 
free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH), 
β-linoleic acid, and ferric reducing antioxidant power 
methods(3). Generally, antioxidant activity is the result 
of interaction between chemical components of EO 
(alcohols, phenols, terpene, and ketone compounds) 
acting with synergistic or antagonistic interactions 
among them. There is an important relationship 
between the chemical composition of EO and its 
antioxidant activity. It was reported that the antioxidant 
activity of EO is related to its chemical composition, 
particularly the presence of compounds containing 
a hydroxyl function as well as terpene alcohols and 
phenolic compounds(3). Herbs can be used in the form 
of plant extracts or as their active components(4). The 
latter will benefit for lesser dosage intake than plant 
extracts. 

EO derived from clove, tea tree, eucalyptus, 
and lesser galangal (also known as finger root) are 
commonly found and used throughout Southeast Asia, 
with each having a variety of traditional applications. 
Clove oil, rich in the compound eugenol (85% to 
95%)(4), exhibiting both excellent antimicrobial and 
antioxidant activities, was reported in Saudi Arabia(5), 
Brazil(6), Mexico(4), and Morocco(7). Tea tree oil (TTO) 
exhibits both antimicrobial and antioxidant activities 
in reports from Australia(8), Portugal(9), Slovakia(10), 
and Argentina(11). It is a natural oil derived from 
the leaves of the Melaleuca alternifolia tree, known 
for its complex composition of approximately 100 
compounds, including terpenes and sesquiterpenes 
like terpinen-4-ol, alpha-terpinene, gamma-terpinene, 
1,8-cineole, and terpinolene. With regard to TTO’s 

biological activity, its antimicrobial properties 
are primarily attributed to terpinen-4-ol, a major 
component of the oil(8,11). Furthermore, according to 
the International Standard Organization (ISO 4730: 
2017), the main component of TTO, derived from the 
Australian native tree M. alternifolia, is terpinen-4-ol, 
and it must be present in a proportion of not less than 
40%(11). The eucalyptus oil exhibits both antimicrobial 
and antioxidant activities in reports from Ethiopia(12) 
and Brazil(13). It contains many compounds(14,15). The 
importance of eucalyptus oil in medicine largely 
depends on the content of one specific constituent, 
namely, 1,8-cineole (cineole or eucalyptol). The 
major composition of eucalyptus oil is 1,8-cineole and 
constitutes more than 70% (v/v) of the total oil, and the 
other major constituents co-occurring with eucalyptol 
are limonene and α-terpineol(14). Lesser galangal 
(Alpinia officinarum), native to China, is an important 
traditional Chinese medicine for both medicine and 
food. Up to now, 337 chemical compounds have been 
extracted, including EO(16). Lesser galangal is used 
in many Thai foods for the benefit of a nice aroma 
and spicy taste. However, there is limited research 
on the EO regarding its antimicrobial and antioxidant 
activities. Lesser galangal oil contains a variety of 
bioactive constituents, with 1,8-cineol/eucalyptol and 
α-terpineol being among the major ones(17). This study 
aimed to determine antimicrobial and antioxidant 
activities of clove, tea tree, eucalyptus, and lesser 
galangal oils, and the specific chemical components 
contributing to these effects. 

Materials and Methods
Essential Oils and Chemical Components

Ethical approval for this study was obtained from 
the Human Research Committee of Siam University 
with reference code SIAMPY-IRB 2023/006. Clove oil 
was identified by the product code 171102-20006, with 
a reference number T230207/2023 and batch number 
23031129-1. The oil has a specific gravity of 1.0505 
and a refractive index of 1.5360 at 20℃.

TTO was identified by the product code 171102-
80012, with a reference number 230404/2023 and batch 
number 2310009-1. The oil has a specific gravity of 
0.8989 and a refractive index of 1.4775 at 20℃. 

Lesser galangal oil was identified by the product 
code 171102-40017, with a reference number 
RES230021/2023 and batch number 2310009-3. The 
oil has a specific gravity of 0.8842 and a refractive 
index of 1.4806 at 20℃.

The eucalyptus oil was identified by the product 
code: 171102-20014, with a reference number 
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R230308/2023 and batch number 2310009-2. The oil 
has a specific gravity of 0.9106 and a refractive index 
of 1.4595 at 20℃. All EO were obtained from Thai-
China Flavours and Fragrances Industry Co., Ltd., and 
were prepared by steam distillation.

Purified chemical components, such as eugenol, 
were obtained using a United States Pharmacopeia 
reference standard (eugenol USP grade). Eugenol 
(Product Code CA0502-A-GM100-p) was purchased 
from Chemipan Corporation Co., Ltd. Alpha-terpineol 
(Product Code: 432628, Batch No. SHBP7968), with a 
gas chromatography purity (sum of isomers) of 99.6% 
and an infrared spectrum conforming to standards, was 
obtained from Sigma-Aldrich, USA. Terpinen-4-ol 
(Catalog No. 27043, Lot No. A0451606), with a gas 
chromatography purity (sum of isomers) of 99.5%,  
was obtained from Thermo Fisher Scientific Co., USA. 
All EO and purified chemical components were stored 
in dark bottles at 4°C until use.

Microbial Isolates
A total of 46 clinical isolates used in the 

antimicrobial activity testing were methicillin-
sensitive Staphylococcus aureus (MSSA, 8 isolates), 
methicillin-resistant S. aureus (MRSA, 8 isolates), 
Acinetobacter baumannii (12 isolates), Escherichia 
coli (6 isolates), Pseudomonas aeruginosa (6 isolates), 
and Candida albicans (6 isolates) (Figure 1). One 
isolate was collected from each patient to prevent the 
acquisition of duplicate microbial isolates with the 
same antimicrobial activities at Siriraj Hospital (the 
largest university tertiary care center in Thailand) 
over 6 months (January to June 2024). There were 
various clinical specimens (sputum, pus, urine, or 
blood) whose processing, microbial isolation, and 
identification were performed according to standard 
microbiological methods(18). Sputum was considered 
acceptable for culture if it contained more than 25 
polymorphonuclear cells and less than 25 epithelial 
cells per low-powered field.

Antimicrobial Activity Testing
We carried out testing following the disk diffusion 

method(19). A sterile Whatman disc (6 mm) saturated 
with 10 μL of EO(3,7,20) was put on a lawn of a bacterial 
inoculum, which has a turbidity in 1% (w/v) tryptone 
water equated to a McFarland No. 0.5 standard 
(approximately 10⁸ CFU/mL). Each experiment was 
conducted three times (in triplicate), and the value 
presented in the table for each data point is the average 
(mean) of those three measurements. In a microbiology 
experiment, the final analysis of inhibition zone sizes 

for all tested microbes was presented as the average 
(mean) value, along with a measure of its variability 
(standard deviation). S. aureus ATCC 25923 (a 
representative of gram-positive bacteria) and E. coli 
ATCC 25922 (a representative of gram-negative 
bacteria) were used as quality controls in antimicrobial 
activity testing according to Clinical and Laboratory 
Standards Institute guidelines(19). For Candida testing, 
C. parapsilosis ATCC22019 was used as quality 
control strain, whereas Mueller-Hinton agar with 2% 
glucose with 0.5 ug/mL methylene blue dye medium, 
pH 7.2-7.4, was used as susceptibility testing medium. 
The inoculum size and other processes are the same as 
those of bacteria(21).

Antioxidant Activity Testing
The antioxidant assay for all samples was carried 

out by the Center of Analysis for Product Quality 
(Natural Products Division), Faculty of Pharmacy, 
Mahidol University (Bangkok, Thailand). The DPPH 
assay is a method for measuring antioxidant activity 
by observing the decolorization of the DPPH radical 
(1,1-diphenyl-2-picrylhydrazyl) solution in the 
presence of antioxidants(5,7,8). DPPH is a stable, deep 
violet free radical that absorbs light at 520 nm. When 
mixed with an antioxidant, the antioxidant donates a 
hydrogen atom, reducing DPPH to a stable diamagnetic 
molecule and causing the solution to lose its violet 
color. The antioxidant activity was expressed in IC₅₀ 
(50% inhibitory concentration), calculated by linear 
regression.

The % inhibition for all samples was also carried 
out by the Center of Analysis for Product Quality 
(Natural Products Division), Faculty of Pharmacy, 
Mahidol University (Bangkok, Thailand), accredited 
under ISO/IEC 17025: 2017. The use of different 
concentrations of chemical components in EO to 
study their antioxidant activities was based on the 

Figure 1. Flow chart of the study.
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determination of the specific concentration of each 
chemical component, which inhibited DPPH by a two-
fold serial dilution method.

Data Analysis
Data were entered and analyzed with IBM SPSS 

Statistics, version 20.0 (IBM Corp., Armonk, NY, 
USA) for descriptive analysis. Discrete variables were 
expressed as percentages, mean, standard deviation, 
and proportion.

Results
The results of antimicrobial activity testing found 

that by using the mean ± standard deviation (SD) of 
the total, clove oil exhibited the strongest activity 
(17.04±5.01 mm), followed by TTO (12.19±3.99 
mm) and lesser galangal oil (11.63±4.16 mm), with 

no significant difference between the latter two. The 
eucalyptus oil showed very little antimicrobial activity 
in the present study (7.54±1.49 mm) (Table 1). The 
good inhibitory effect of clove oil on drug-resistant 
MRSA, drug-resistant A. baumannii, and C. albicans 
was found. However, all P. aeruginosa isolates were 
resistant to all the EO tested.

In the chemical component testing for antimicrobial 
activity, we selected clove, TTO, and lesser galangal 
oils for further testing due to their strong combined 
antimicrobial and antioxidant properties. Eucalyptus 
oil was excluded because it exhibited minimal 
antimicrobial activity (Table 1) and lacked significant 
antioxidant activity. Eugenol, alpha-terpineol, and 
terpinen-4-ol are chemical components abundant in 
clove, tea tree, and lesser galangal oils, respectively. 
Interestingly, all chemical components, such as 

Table 1. Inhibition zones of clove, eucalyptus, lesser galangal, and tea tree oils

Microbial 
isolates

Number Disk diffusion method (mm)

Clove 
oil

Eucalyptus 
oil

Lesser galangal 
oil

Tea tree 
oil

S. aureus ATCC 25923 18 7 11 9

E. coli ATCC 25922 17 8 11 17

MSSA clinical isolates (n=8)

MSSA 1 17 7 13 14

2 15 8 12 14

3 14 8 11 11

4 17 7 11 8

5 16 8 13 12

6 13 7 11 10

7 16 9 11 12

8 16 7 12 9

MRSA clinical isolates (n=8) 

MRSA 1 18 7 16 14

2 17 8 11 10

3 17 7 12 16

4 20 8 10 12

5 19 10 15 14

6 18 8 16 18

7 18 8 12 12

8 18 8 13 14

Acinetobacter baumannii clinical isolates (n=12)

A. baumannii 1 24 7 11 13

2 25 7 13 14

3 29 7 14 19

4 19 7 9 14

5 15 7 9 11

6 22 7 9 16

7 20 7 12 12

Microbial 
isolates

Number Disk diffusion method (mm)

Clove 
oil

Eucalyptus 
oil

Lesser galangal 
oil

Tea tree 
oil

Acinetobacter baumannii clinical isolates (cont.)

A. baumannii 8 16 7 12 12

9 20 7 28 28

10 17 7 10 10

11 17 7 13 13

12 18 7 12 12

Escherichia coli clinical isolates (n=6)

E. coli 1 13 12 9 12

2 16 14 12 19

3 18 10 9 16

4 13 8 8 12

5 19 8 8 14

6 14 8 8 15

Pseudomonas aeruginosa clinical isolates (n=6)

P. aeruginosa 1 6 6 6 6

2 8 7 7 10

3 7 6 7 7

4 7 6 7 8

5 8 7 8 9

6 8 6 7 7

Candida albicans clinical isolates (n=6)

C. albicans 1 20 9 15 7

2 28 6 20 12

3 24 6 14 8

4 19 7 11 7

5 22 6 14 8

6 22 6 33 8

Mean of the total 17.04 7.54 11.63 12.19

Standard deviation of the total 5.01 1.49 4.16 3.99

MSSA=methicillin-sensitive Staphylococcus aureus; MRSA=methicillin-resistant Staphylococcus aureus
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eugenol, alpha-terpineol, and terpinen-4-ol, exhibited 
good antimicrobial activity for all microbes tested with 
no significant difference (by mean±SD) (Table 2).

Table 3 shows that inhibition zones of eugenol, 
alpha-terpineol, and terpinen-4-ol, with mean and 
standard deviation of the diameter of the inhibition 
zone for each microbe; eugenol and alpha-terpineol 
exhibited similar high antimicrobial activity against a 
broad range of bacteria. In contrast, terpinen-4-ol was 
lower in antimicrobial activity against A. baumannii 
and C. albicans than eugenol and alpha-terpineol.

Clove oil exhibited the strongest antioxidant 
activity based on IC₅₀ values determined by using the 
DPPH method. Tea tree and lesser galangal oils follow, 
while eucalyptus oil demonstrated no significant 
antioxidant activity in this context (Table 4).

Eugenol, alpha-terpineol, and terpinen-4-ol are 

chemical components abundant in clove, tea tree, 
and lesser galangal oils, respectively. In terms of 
antioxidant activity, eugenol, a chemical component 
in clove oil, demonstrated the highest inhibition 
(65.37%). Following eugenol, alpha-terpineol, a 
chemical component in TTO, showed significant 
antioxidant property, and terpinen-4-ol, found in lesser 
galangal oil, exhibited the least antioxidant capability 
(Table 5).

Discussion
Aromatic plants are commonly used in traditional 

medicine. In several countries worldwide, especially 
in rural areas, aromatic plants are used in primary 
healthcare(12). The lack of studies on antimicrobial 
and antioxidant activities in clove, tea tree, lesser 
galangal, and eucalyptus oils, along with their chemical 

Table 2. Inhibition zones of eugenol, alpha-terpineol and terpinen-4-ol

Microbial isolates Number Disk diffusion method (mm)

Eugenol Alpha-terpineol Terpinen-4-ol

S. aureus ATCC 25923 12 13 8

E. coli ATCC 25922 13 17 25

MSSA clinical isolates (n=8)

MSSA 1 12 12 29

2 12 15 12

3 13 8 26

4 12 12 11

5 14 9 14

6 12 7 11

7 12 10 11

8 10 12 11

MRSA clinical isolates (n=8) 

MRSA 1 12 10 12

2 12 12 11

3 11 11 9

4 12 9 9

5 13 11 9

6 12 11 12

7 14 12 12

8 10 11 12

Acinetobacter baumannii clinical isolates (n=12)

A. baumannii 1 19 14 11

2 14 13 13

3 15 15 14

4 14 14 9

5 14 15 9

6 14 15 9

7 20 18 12

Microbial isolates Number Disk diffusion method (mm)

Eugenol Alpha-terpineol Terpinen-4-ol

Acinetobacter baumannii clinical isolates (cont.)

A. baumannii 8 15 17 9

9 30 28 12

10 24 20 12

11 20 20 12

12 19 17 12

Escherichia coli clinical isolates (n=6)

E. coli 1 17 20 30

2 14 12 20

3 14 13 25

4 9 13 18

5 15 20 17

6 15 15 13

Pseudomonas aeruginosa clinical isolates (n=6)

P. aeruginosa 1 6 7 8

2 6 6 8

3 6 7 10

4 6 8 6

5 9 6 8

6 9 7 8

Candida albicans clinical isolates (n=6)

C. albicans 1 22 24 10

2 23 22 11

3 23 25 10

4 22 18 9

5 19 20 10

6 20 22 11

Mean of the total 14.40 14.02 12.71

Standard deviation of the total 5.16 5.32 5.59

MSSA=methicillin-sensitive Staphylococcus aureus; MRSA=methicillin-resistant Staphylococcus aureus
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components in Thai research, is a knowledge gap. For 
the effects against microbial pathogens, the present 
study found that clove oil, TTO, and lesser galangal oil 

exhibited good antimicrobial effects, similar to other 
reports(2,6-9,11), while eucalyptus oil showed a weaker 
effect. The difference in eucalyptus oil’s effectiveness 
might stem from its composition, as it is a diverse genus 
within the Myrtaceae family, comprising over 900 
species and subspecies(12). Approximately 300 species 
have volatile oils(15). This plant originates in Australia 
and has spread worldwide, including Thailand, because 
Eucalyptus is easy to cultivate and grows rapidly. The 
antioxidant properties are influenced by the specific 
Eucalyptus species, the chemical composition of 
the oil, and the methods used for testing. This may 
be due to the chemical composition of EO, which 
can vary based on factors like origin and extraction 
methods, significantly influencing their antimicrobial 
and antioxidant activities, as different compounds 
contribute to these properties.

In the present study, terpinen-4-ol is lower in 
antimicrobial activity significantly by considering 
the mean±SD against A. baumannii and C. albicans 
than eugenol, alpha-terpineol (Table 3). Our results 
support studies(22,23) which showed that eugenol and 
alpha-terpineol tend to have stronger antimicrobial 
effects against certain bacteria (like A. baumannii) 
and fungi (like C. albicans) compared to terpinen-
4-ol. This suggests that eugenol and alpha-terpineol 
may be more effective in combating specific microbial 
infections like multiple drug-resistant A. baumannii 
and C. albicans. Clove oil’s antimicrobial activity is 
attributed to eugenol, which can inhibit the growth 
of both gram-positive and gram-negative bacteria, 
including C. albicans.

In the present study, P. aeruginosa was resistant 
to all EO and all chemical components tested, 
indicating a high degree of antibiotic resistance in this 
bacterial species. This suggests that finding effective 
treatments against P. aeruginosa infections can be 
challenging, as the bacteria have evolved mechanisms 
to withstand various antimicrobial agents. EO, due to 
its lipophilic nature, readily passes through bacterial 
cell membranes, disrupting their integrity and leading 
to cell death. However, the cell membrane composition 
of gram-positive and gram-negative bacteria impacts 
the effectiveness of EO, with gram-negative bacteria 
being generally more resistant due to their outer 
membrane and lipopolysaccharides(4).

In recent years, due to the fewer side effects 
than antimicrobial agents, the use of herbal materials 
instead of synthetic or chemical drugs is increasing. 
Herbs can be used in the form of plant extracts or as 
their active components(2), with the former offering a 
broader spectrum of benefits and the latter providing 

Table 4. IC₅₀ (50% inhibitory concentration) of clove, tea tree, 
lesser galangal and eucalyptus oils

Essential oil IC₅₀ (mg/mL)

Clove oil 0.01±0.00 (n=3, % RSD=2.02)

Tea tree oil 15.48±0.00 (n=3, % RSD=1.68)

Lesser galangal oil 34.27±0.21 (n=3, % RSD=0.60)

Eucalyptus oil No inhibition by DPPH assay

RSD=relative standard deviation
An IC₅₀ value quantifies antioxidant activity, representing the concentration 
of a substance needed to inhibit 50% of a free radical activity in a given 
assay, such as the DPPH radical scavenging method. A lower IC₅₀ value 
indicates a higher antioxidant capacity because less of the substance is 
required to achieve 50% inhibition, signifying stronger antioxidant

Table 5. % Inhibition of eugenol, alpha-terpineol and terpinen- 
4-ol (n=3)

Results Eugenol Alpha-terpineol Terpinen-4-ol

Concentration (μg/mL) 13.34 207,784.17 230,180.83

% Inhibition 65.37±0.97
(% RSD=1.49)

18.30±0.41
(% RSD=2.25)

9.54±0.42
(% RSD=4.44)

RSD=relative standard deviation

Table 3. Inhibition zones of eugenol, alpha-terpineol and  
terpinen-4-ol for each microbe

Microbiological isolates Disk diffusion method (mm)

Eugenol Alpha-terpineol Terpinen-4-ol

S. aureus ATCC 25923 12 13 8

E. coli ATCC 25922 13 17 25

MSSA clinical isolates (n=8) 

MSSA Mean 12.13 10.63 15.63

SD 1.13 2.62 7.44

MRSA clinical isolates (n=8) 

MRSA Mean 12.00 10.88 10.75

SD 1.20 0.99 1.49

Acinetobacter baumannii clinical isolates (n=12) 

A. baumannii Mean 18.17 17.17 11.17

SD 4.10 4.11 1.75

Escherichia coli clinical isolates (n=6) 

E. coli Mean 14.00 15.50 20.50

SD 2.68 3.62 6.09

Pseudomonas aeruginosa clinical isolates (n=6)

P. aeruginosa Mean 7.00 6.83 8.00

SD 1.55 0.75 1.26

Candida albicans clinical isolates (n=6)

C. albicans Mean 21.50 21.83 10.17

SD 1.64 2.56 0.75

MSSA=methicillin-sensitive Staphylococcus aureus; MRSA=methicillin-
resistant Staphylococcus aureus; SD=standard deviation
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a more concentrated effect. For example, eugenol 
presents higher oxidant activity than clove oil with an 
IC₅₀ of 12.66 and 78.98 μg/mL, respectively(6). The 
antioxidant properties of clove oil and eugenol help 
protect against damage caused by free radicals(7). A 
lower IC₅₀ indicates greater antioxidant potential(12). 
Antioxidants protect cells by neutralizing free radicals, 
which are unstable molecules that can cause cellular 
damage(12).

The distinct strength of this study lies in examining 
the effects of EO against clinical microbial isolates 
obtained from Thai patients. There were limitations 
in the present study. First, the data were from a small 
sample size of EO. It would be beneficial to further 
investigate larger sample sizes. Second, the authors did 
not perform minimal inhibitory concentration (MIC) 
testing. Therefore, data relating to MIC in ug/mL from 
each microbe were lacking. Third, we did not know the 
species of Eucalyptus from which Eucalyptus oil was 
obtained. Fourth, a larger sample size and a greater 
variety of microbial isolates would have increased 
the generalizability of the study findings. Fifth, a 
wider range of antioxidant methods will be of interest 
for further study to provide confirmatory results of 
Eucalyptus oil. This is because different antioxidant 
assays can measure different aspects of antioxidant 
activity, and utilizing a wider range can help confirm 
the overall antioxidant potential of the eucalyptus 
oil. Sixth, the DPPH assay results, specifically the 
percentage inhibition and IC₅₀ values, were determined 
based on the concentration of the samples. This 
suggests that the DPPH assay was conducted without 
directly comparing the samples to ascorbic acid as a 
reference standard. 

Conclusion
The present study found clove oil to be the best 

EO for both antimicrobial and antioxidant activities, 
followed by TTO and lesser galangal oil. For chemical 
components, eugenol, alpha-terpineol, and terpinen-4-
ol exhibited excellent and equal antimicrobial activity. 
For antioxidant activity, eugenol could be the best 
antioxidant chemical component, followed by TTO 
and lesser galangal oil. The present data should support 
ongoing studies evaluating current trends of EO in 
antimicrobial and antioxidant activities, so it may be 
beneficial for alternative natural source medicine to 
prevent and treat many microbial diseases.

Acknowledgement
The authors would like to thank Associate 

Professor Dr. Omboon Vallisuta for valuable advice.

Authors Contributions
SS, DS, and CT designed the study to obtain 

financial support; PC, RW, AC, and PN performed 
laboratory work; PY, PW, and TL performed statistical 
techniques; TS, SS, and DS prepared the manuscript 
and discussion of the results. All authors have read 
and approved the final manuscript and agree to be 
accountable for all aspects of the work. 

Clinical Trial Registration
This study is not a clinical trial; therefore, a clinical 

trial registration number is not required.

Conflicts of Interest
The authors declare no conflict of interest.

Data Availability Statement
Database for this study was obtained from Siam 

University.

Ethics Approval and Consent to Participate
Ethical approval for this study was obtained from 

the Human Research Committee of Siam University 
with reference code SIAMPY-IRB 2023/006.

Funding Disclosure
This work was supported by Thailand Science 

Research and Innovation, Fundamental Fund Year 
2024, research grant No. 192844.

Use of Artificial Intelligence
This study did not use any AI or AI-assisted 

technologies to prepare this manuscript.

References 
1.	 Pezantes-Orellana C, German Bermúdez F, Matías 

De la Cruz C, Montalvo JL, Orellana-Manzano A. 
Essential oils: A systematic review on revolutionizing 
health, nutrition, and omics for optimal well-being. 
Front Med (Lausanne) 2024;11:1337785. doi: 10.3389/
fmed.2024.1337785.

2.	 Parham S, Kharazi AZ, Bakhsheshi-Rad HR, Nur H, 
Ismail AF, Sharif S, et al. Antioxidant, antimicrobial 
and antiviral properties of herbal materials. Antioxidants 
(Basel) 2020;9:1309. doi: 10.3390/antiox9121309.

3.	 Boukhira S, Amrati FE, Chebaibi M, Grafov A, Mothana 
RA, Al-Yousef HM, et al. The chemical composition and 
the preservative, antimicrobial, and antioxidant effects 
of Thymus broussonetii Boiss. essential oil: An in vitro 
and in silico approach. Front Chem 2024;12:1402310. 
doi: 10.3389/fchem.2024.1402310.

4.	 Haro-González JN, Castillo-Herrera GA, Martínez-
Velázquez M, Espinosa-Andrews H. Clove essential 



J Med Assoc Thai  |  Volume 109  No. 7  |  July 2026
http://www.jmatonline.com

611

Journal of the Medical Association of Thailand

oil (Syzygium aromaticum L. Myrtaceae): Extraction, 
chemical composition, food applications, and essential 
bioactivity for human health. Molecules 2021;26:6387. 
doi: 10.3390/molecules26216387.

5.	 Kiki MJ. In vitro antiviral potential, antioxidant, and 
chemical composition of clove (Syzygium aromaticum) 
essential oil. Molecules 2023;28:2421. doi: 10.3390/
molecules28062421.

6.	 Teles AM, Silva-Silva JV, Fernandes JMP, Abreu-
Silva AL, Calabrese KDS, Mendes Filho NE, 
et al. GC-MS characterization of antibacterial, 
antioxidant, and antitrypanosomal activity of Syzygium 
aromaticum essential oil and eugenol. Evid Based 
Complement Alternat Med 2021;2021:6663255. doi: 
10.1155/2021/6663255.

7.	 Yanisse S, Benhhadou H, Karbane MEL, Mojemmi 
B, Tligui H, Bouatia M. Determination of chemical 
composition and evaluation of antioxidant, and 
antimicrobial activities of clove oil obtained from 
Syzygium aromaticum Moroccan species. Int J Res 
Pharm Sci 2020;11:2568-74.

8. 	 Yasin M, Younis A, Javed T, Akram A, Ahsan M, 
Shabbir R, et al. River tea tree oil: Composition, 
antimicrobial and antioxidant activities, and potential 
applications in agriculture. Plants (Basel) 2021;10:2105. 
doi: 10.3390/plants10102105.

9.	 Nascimento T, Gomes D, Simões R, da Graça Miguel 
M. Tea tree oil: Properties and the therapeutic approach 
to Acne-A review. Antioxidants (Basel) 2023;12:1264. 
doi: 10.3390/antiox12061264.

10.	 Borotová P, Galovičová L, Vukovic NL, Vukic M, 
Tvrdá E, Kačániová M. Chemical and biological 
characterization of Melaleuca alternifolia essential 
oil. Plants (Basel) 2022;11:558. doi: 10.3390/
plants11040558.

11.	 Manzanelli FA, Ravetti S, Brignone SG, Garro 
AG, Martínez SR, Vallejo MG, et al. Enhancing the 
functional properties of tea tree oil: In vitro antimicrobial 
activity and microencapsulation strategy. Pharmaceutics 
2023;15:2489. doi: 10.3390/pharmaceutics15102489.

12. 	 Moges GW, Manahelohe GM, Asegie MA. Phenolic, 
flavonoid contents, antioxidant, and antibacterial 
activity of selected Eucalyptus species: Review. 
Biology, Medicine, & Natural Product Chemistry 
2024;13:147-57.

13. 	 Fishcher B, Gowzdz EP, Feltes G, Griep P, Junges A, 
Paroul N, et al. Antioxidant and antimicrobial properties 

of eucalyptus leaf extract obtained using pressurized 
ethanol. Braz J of Develop 2020;6:74499-512.

14.	 Chandorkar N, Tambe S, Amin P, Madankar C. A 
systematic and comprehensive review on current 
understanding of the pharmacological actions, 
molecular mechanisms, and clinical implications of the 
genus Eucalyptus. Phytomedicine Plus 2021;1:100089. 
doi: 10.1016/j.phyplu.2021.100089.

15.	 Kambira PFA, Liliana M, Arfenda LB, Marcella S. 
Antibacterial and antiviral activity of Eucalyptus oil: 
A systematic review. Indones J Pharm 2020;2:145-54. 

16.	 Lei X, Wang J, Zuo K, Xia T, Zhang J, Xu X, et al. 
Alpinia officinarum Hance: A comprehensive review 
of traditional uses, phytochemistry, pharmacokinetic 
and pharmacology. Front Pharmacol 2024;15:1414635. 
doi: 10.3389/fphar.2024.1414635.

17.	 Nanambat S. Antioxidant, anti-oral cancer, and 
antimicrobial activity of medicinal plant extracts: 
Development of mouthrinse formulations. Trends Sci 
2023;20:4785. doi: 10.48048/tis.2023.4785.

18.	 Jorgensen JH, Turnidge JD. Susceptibility test methods: 
Dilution and disk diffusion methods. In: Jorgensen JH, 
Carroll KC, Funke G, Pfaller MA, Landry ML, Richter 
SS, et al., editors. Manual of clinical microbiology. 11th 
ed. Washington DC: ASM Press; 2015. p. 1253-73.

19.	 Clinical and Laboratory Standards Institute (CLSI). 
Performance standards for antimicrobial and 
susceptibility testing. 31st ed. CLSI supplement M100. 
Wayne, PA: CLSI; 2021.

20.	 Srisukha V, Tribuddharat C, Nukoolkarn V, 
Bunyapraphatsara N, Chokephaibulkit K, Phoomniyomb 
S, et al. Antibacterial activity of essential oil from 
Citrus hystrix (makrut lime) against respiratory tract 
pathogens. Sc Asia 2012;38:212-7.

21.	 Clinical and Laboratory Standards Institute (CLSI). 
Performance standards for antifungal and susceptibility 
testing of yeasts. 3rd ed. CLSI supplement M27M44S, 
Wayne, PA: CLSI; 2022.

22.	 Fajdek-Bieda A, Pawlinska J, Wroblewska A, Zwierełło 
W, Łus A, Klimowicz A. Antibacterial and preservative 
potential of eugenol and isoeugenol in cosmetics: 
A natural solution for product stability. Appl Sci 
2025;15:2129. doi: 10.3390/app15042129.

23.	 Mendez AHS, Cornejo CGF, Coral MFC, Arnedo MCA. 
Chemical composition, antimicrobial and antioxidant 
activities of the essential oil of Bursera graveolens 
(Burseraceae) from Perú. IJPER 2017;51(3s2):S429-35.


