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ABSTRACT

Objectives: The purpose of this study was to evaluate in vitro wound healing activity through antioxidant, antibacterial, and fibroblast cell proliferation 
and migration capabilities of Zingiber officinale essential oil (ZEO), as well as to identify its metabolite profile.

Methods: Extraction of essential oil using the hydrodistillation method. Metabolite profile was analyzed using the gas chromatography-mass 
spectrometry (GC-MS) technique. In vitro wound healing activity was evaluated through fibroblast cell proliferation and the fibroblast cell migration 
using the scratch assay. The antibacterial activity was assessed using the microdilution method against six wound-infecting bacteria, while the ABTS 
method measured antioxidant activity.

Results: The GC-MS analysis showed citral (15.1%), camphene (14.9%), Z-citral (10.8%), and 1,8-cineole (8.0%) as major compounds. ZEO showed 
low antioxidant activity (IC50 >250 μg/mL). The antibacterial activity results showed the lowest minimum inhibitory concentration value and 
minimum bactericidal concentration value against methicillin-resistant Staphylococcus aureus at 16 µg/mL. ZEO increased fibroblast cell proliferation 
to 120% of the control value at a concentration of 1 µg/mL and improved wound closure by 80.52% after 48 h of incubation time at a concentration 
of 0.1 µg/mL. ZEO has the potential to be utilized as an alternative natural source for wound healing due to its antibacterial effects and ability to 
stimulate fibroblast cell proliferation and migration.
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INTRODUCTION

Acute and chronic wound management remains a global challenge 
[1]. The wound healing process involves hemostasis, inflammation, 
proliferation, and remodeling. However, high-level oxidative stress 
and pathogenic bacterial infections can disrupt the healing process, 
leading to persistent wounds that are challenging to heal [2]. The 
most frequently found bacterial species infected chronic wound 
including Staphylococcus aureus (SA) (37%), Pseudomonas aeruginosa 
(17%), Proteus mirabilis (PM) (10%), Escherichia coli (EC) (6%), and 
Corynebacterium spp. (5%) [3]. Current treatment limitations may 
include increasing risk of antimicrobial resistance in long-term use and 
the high cost of treatment. This situation encourages the search for new 
therapeutic alternatives from natural sources that are safer, effective, 
affordable, and have a dual effect as antibacterial and stimulation of 
tissue regeneration [4].

Indonesia is rich in natural ingredients from medicinal plants, such as 
essential oils, whose potential has not been fully explored. Essential oils 
contain secondary metabolites, including terpenoids (monoterpenes 
and sesquiterpenes), with aromatic phenolic groups, terpenic 
ketones, and alcohols showing significant antibacterial, antifungal, 
and antioxidant effects [5]. The antioxidant capabilities of essential 
oils can neutralize reactive oxygen species (ROS), shielding tissues 
against damage caused by oxidative stress. Excessive ROS at the wound 
site causes cell damage, inhibits cell proliferation, and prolongs the 
inflammatory phase [6].

Zingiber officinale var. Amarum rhizomes produce essential oils. This 
species is also known as small ginger. Previous studies on Z. officinale 
rhizome essential oil reported that the essential oil had antioxidant, 
anti-inflammatory, and antimicrobial activity [7,8]. Another study 

reported weak antioxidant activity of small ginger [9]. Although many 
studies have reported regarding antimicrobial and antioxidant activity 
of Z. officinale essential oil, the study focused on the utilization of 
essential oils derived from this rhizome for wound healing, particularly 
on fibroblast cell proliferation and migration, remains limited. 
Therefore, this study aimed to evaluate in vitro wound healing activity 
through antioxidant, antibacterial, and fibroblast cell proliferation and 
migration capabilities of Z. officinale essential oil (ZEO) as well as to 
identify its metabolite profile.

METHODS

Plant collection
Rhizomes of Z. officinale var. Amarum were collected from Padang 
City, West Sumatra, Indonesia. The rhizomes were sent to Botanist 
Dr.  Nurainas for identification at the Andalas Herbarium, Faculty of 
Mathematics and Natural Sciences, Andalas University, Padang.

Essential oil extraction
About 10 kg of fresh rhizomes of Z. officinale var. Amarum was washed 
thoroughly. Then, clean rhizomes were cut and extracted by the 
hydrodistillation method for 6 h. The essential oil was added to anhydrous 
sodium sulfate to remove the remaining water. The oil was then stored 
at 4°C until it was used. The characterization of the essential oil was 
determined, including yield, specific gravity, refractive index, and color.

Essential oil analysis using gas chromatography-mass 
spectrometry (GC-MS)
Essential oil analysis was performed using GC-MS (Shimadzu GC-
MS-QP 2010 SE) and RTX1 column. The GC-MS conditions were set 
as previously reported in a published article [10]. Compounds were 
identified using the “WILEY library.” The percentage similarity index 
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was considered to determine compounds with an acceptable value of 
more than 90%. Furthermore, the fragmentation pattern of each peak 
was compared with patterns from earlier articles and the National 
Institute of Standards and Technology Chemistry Webbook.

Antioxidant activity
ABTS solution (7 mM) was mixed with potassium persulfate solution 
(2.45 mM) and incubated for 16  h at room temperature under dark 
conditions. The ABTS radical solution formed was then diluted to reach 
an absorbance value of about 0.70±0.02 at a wavelength of 734  nm. 
From the 10,000 µg/mL stock solution, a test solution was prepared 
ranging from 250 to 3.907 µg/mL. Each well of the 96-well plate was 
filled with 100 µL of the test solution and 100 µL of the ABTS solution. 
The absorbance was recorded at a wavelength of 734  nm using a 
microplate reader (BioradxMark®). The assay was performed in three 
repetitions. Trolox was used as a positive control [9].

The percentage inhibition and half-maximal inhibitory concentration 
values were calculated using the following equation:

Inhibition (%)
A B

A
�

�
�

( )
100

Notes:
A: Absorbance of negative control
B: Absorbance of the sample

Antibacterial activity
Test microorganisms: Streptococcus mutans (SE) (ATCC 25175), 
Methicillin-Resistant Staphylococcus aureus (MRSA) (ATCC 43300), 
Proteus mirabilis (PM) IS01 were obtained from the Microbiology 
Laboratory, University of North Sumatra, Medan, Indonesia. In addition, 
EC (ATCC 25922) and SA (ATCC 6538) were obtained from the 
Department of Health Laboratory in Padang. Enterococcus faecalis (EF) 
and Staphylococcus epidermidis (SE) were obtained from the Indonesian 
Food and Drug Administration in Padang, West Sumatra, Indonesia.

Determination of minimum inhibition concentration (MIC) and 
minimum bactericidal concentration (MBC)
A stock solution of ZEO was prepared at 50  mg/mL in dimethyl 
sulfoxide (DMSO). Serial two-fold dilutions were made in Mueller-
Hinton Broth (MHB) to achieve final test concentrations ranging from 
25 to 0.781 mg/mL. Ciprofloxacin was included as a positive control. 
Next, 50 µL of MHB medium was added to all wells, followed by 50 µL 
of the test solution. The turbidity of bacterial suspension was set to a 
similar level as the McFarland 0.5 standard. All wells were filled with 50 
µL of the bacterial suspension, except the control wells. The plate was 
then incubated at 37°C for 18–24 h.

After incubation, 40 µL of 3-(4,5)-dimethylthiazolyl-2-yl)-2-
yl)-2,5 2,5-diphenyltetrazolium bromide (MTT) solution was added to 
each well, achieving a final concentration of 0.5 mg/mL, and the plates 
were incubated again at 37°C for 30 min. Next, observe the color change 
(colorless to purple). The test was performed 3 times. The MIC value 
was determined from the lowest concentration at which no color change 
occurred. Following this, the solution from each well was removed, and 
a streak was made on the surface of NA agar, which was incubated at 
37°C for 18–24 h to observe bacterial growth. The experiment was also 
repeated 3 times. The MBC was determined as the lowest concentration 
at which no bacterial growth was observed [11].

Wound healing activity
Fibroblast proliferation activity
The cell proliferation activity was determined using the MTT test. Each 
well received 180 µL of a fibroblast cell suspension (containing 104 cells/
well) and was cultured for 24 h in a CO2 incubator at 37°C (5% CO2). The 
wells received 20 µL of ZEO in DMSO at concentrations of 100, 10, 1, 
and 0.1 mg/mL. A DMSO-containing Dulbecco’s Modified Eagle Medium 

(DMEM) was used as a negative control in each well. Curcumin serves 
as a positive control. All plates were incubated for 24–48 h at 37°C with 
5% CO2. Next, each well received 100 µL of MTT (0.5 mg/mL) and was 
incubated for 4–6  h at 37°C with 5% CO2. Living cells will respond by 
producing a purple formazan, which is then dissolved in 100 µL DMSO. 
The assay was repeated 3 times and measured at a wavelength of 550 nm. 
The percentage of fibroblast cell proliferation was calculated [12].

Fibroblast cell migration
The scratch assay was used to test fibroblast cell migration. Fibroblast 
cells were grown in a 24-well plate at a density of 100,000 cells/well 
until they reached confluence. Linear wounds were made using yellow 
tips. Wells were washed with 500 µL of Phosphate-buffered saline to 
remove cellular debris. Each well received 1  mL of each ZEO diluted 
in DMSO at three different concentrations (10 µg/mL, 1 µg/mL, and 
0.1  µg/mL). The negative control was filled with 1  mL of DMEM-
containing DMSO. It was incubated at 37°C with 5% CO2. Cell migration 
was observed under an inverted microscope after 0, 24, and 48  h of 
treatment with ZEO. The experiment was repeated 3  times, and the 
percentage of wound closure was calculated [10].

RESULTS AND DISCUSSION

Physical characteristics
The essential oil of Z. officinale var. amarum (ZEO) is shown in Fig. 1. 
ZEO has a golden yellow color with a characteristic odor. The physical 
characterization of ZEO is presented in Table  1, which includes 
yield, specific gravity, refractive index, and color. ZEO extracted by 
hydrodistillation was 0.423% v/w. Previous research on ginger oil 
varies depending on its origin. The results of this study differed, with 
ginger in India containing 1.26% v/w [13]. However, it is not much 
different from the essential oil obtained from ginger in Saudi Arabia and 
China, at 0.2% w/v and 0.14% v/w, respectively [14].

The specific gravity and refractive index measurements determine the 
quality of the essential oil. In the current study, the specific gravity 
was 0.9049 g/mL, and the refractive index was 1.4778. These results 
contrast with the Indonesian National Standard for Ginger Oil (SNI: 06-
1312-1998), which stated that the specific gravity of ginger essential 
oil was in the range of 0.8720–0.8890  g/mL. On the other hand, SNI 
released the refractive index of ginger essential oil in the range of 
1.4853–1.4920 [15]. Chemical composition influences the refractive 
index and specific gravity of essential oils. The presence of larger 
molecules, such as oxygenated aromatic compounds, results in a higher 
specific gravity for the substance. Furthermore, the presence of water 
in the essential oil will affect its refractive index [16].

Chemical component of Z. officinale var. amarum essential oil
The chemical component of ZEO is listed in Table  2. GC-MS analysis 
revealed the presence of 24 chemical compounds in ZEO, accounting 

Fig. 1: (a) Rhizome of Zingiber officinale var. Amarum,  
(b) Essential oil of Z. officinale
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Table 2: Chemical composition of ZEO

No. Chemical compound Retention 
time

Percentage of 
relative area

1 α‑pinene 3.3 2.9
2 Camphene 3.5 14.9
3 β‑myrcene 4.08 1.9
4 L‑Phellandrene 4.38 0.3
5 Cymol 4.69 0.2
6 1,8‑cineole 4.88 8
7 1,4,6‑heptatriene, 2,3,6‑trimethyl‑ 6.38 0.7
8 Linalool 6.53 1.3
9 Camphor 7.61 0.3
10 Endo‑Borneol 8.61 3.5
11 6‑Methyl‑5‑hepten‑2‑one 9.11 0.7
12 α‑Terpineol 9.53 1.2
13 Z‑citral 11.4 10.8
14 Geraniol 12.38 3.8
15 Citral 12.73 15.1
16 α‑fenchyl acetate 13.85 1.9
17 Neryl acetate 18.8 3.2
18 Ar‑Curcumene 23.71 3.5
19 Zingiberene 24.49 5.4
20 β‑bisabolene 25.11 2.6
21 β‑sesquiphellandrene 25.65 2.9
22 Nerolidol 27.17 0.2
23 α‑Cedrol 29.06 1.2
24 Trans‑Caryophyllene 31.65 0.2
Total (%) 86.7
Hydrocarbon monoterpene 20.5
Oxygenated monoterpene 29.5
Hydrocarbon sesquiterpene 13.6
Oxygenated sesquiterpene 15.9
Others 20.5
Compounds listed in order of elution; Identification based on mass spectral 
match (similarity index>90%). ZEO: Zingiber officinale essential oil

Table 1: Physical characterization of ZEO

essential oil Yield 
(%) v/w

Color Specific mass 
(g/mL 25°C)

Refractive 
index (25°C)

Zingiber 
officinale Var. 
Amarum

0.42 Golden 
yellow

0.9049±0.00 1.4778±0.00

*Data presented as mean±standard deviation, ZEO: Zingiber officinale essential oil

for 86.7% of the total constituents. Oxygenated monoterpene group 
compounds significantly contributed to ZEO, accounting for 29.5%, 
followed by hydrocarbon monoterpene group compounds at 20.5% 
and oxygenated sesquiterpene compounds at 15.9%. The main 
compounds were citral (15.1%), camphene (14.9%), z-citral (10.8%), 
and 1,8-cineole (8.0%). These results showed differences in the major 
compounds reported in Pahang, Malaysia, namely neral (10.75%), 
geranial (13.88%), and α-zingiberene (18.56%) [17]. In addition, 
the results of this study differed from those of the main compounds 
of ginger oil in Thailand and China, namely Ar-curcumene (15.57%), 
nerolidol (14.32%), followed by eucalyptol (9.06%), and limonene 
(8.58%) [18].

Environmental conditions, including geographic and climatic variations, 
greatly influence the chemical composition of essential oils [19]. 
Significant differences in growing location elevation can cause 
simultaneous changes in relative temperature, humidity, water level, 
wind speed, and radiation rate. Thus, environmental changes can affect 
various ecophysiological responses in plants [20].

Antioxidant activity
The percentage inhibition of antioxidants is displayed in Table  3. 
The study on the antioxidant activity of ZEO revealed that it did not 

Table 3: The percentage inhibition of ABTS radical scavenging 
activity of ZEO

Concentration 
(µg/mL)

% Inhibition

1 2 3 Mean±SD
15.625 5.79 5.79 4.59 5.39±0.74
31.25 4.83 5.43 5.43 5.23±0.35
62.5 5.79 5.56 5.79 5.70±0.14
125 6.64 6.16 5.56 6.12±0.55
250 7.73 8.21 7.73 7.89±0.28
Values are mean % inhibition±SD of n=3 independent experiments. 
ZEO: Zingiber officinale essential oil, SD: Standard deviation

exhibit significant antioxidant properties. At the highest concentration 
of 250  µg/mL, the inhibition percentage of ZEO was only 7.89%. 
This percentage decreased to between 5.26% and 6.12% at lower 
concentrations. In contrast, the positive control, Trolox, demonstrated 
moderate antioxidant activity. An extract or essential oil was considered 
effective as a radical scavenger if the inhibition percentage exceeds 50% 
at the test concentration [21]. The chemical composition of ZEO was 
primarily composed of citral, camphene, and 1,8-cineol, which were 
known to exhibit weak antioxidant activity; however, they are likely 
to be more effective as antimicrobial and anti-inflammatory agents 
(Gutiérrez-Pacheco et al., 2023; Barras et al., 2024) [22].

Antibacterial activity
The MIC and MBC values for ZEO are displayed in Table 4. In general, 
lower MIC and MBC levels indicated a greater ability to inhibit or 
eliminate bacterial growth [23].

Based on Table  4, the ZEO has an MIC of approximately 16–
125  µg/mL. MRSA bacteria had the lowest MIC value (16  µg/mL), 
followed by SE and SM at 52  µg/mL. Meanwhile, the highest MIC 
was observed in PM and EC bacteria at 125 µg/mL. However, when 
compared to ciprofloxacin as a positive control, the inhibitory power 
of ZEO was still weak. On the other hand, the lowest MBC was also 
observed in MRSA bacteria at 16 µg/mL. In contrast, the highest MBC 
was observed in the bacteria EF, PM, and EC. These findings suggest that 
ZEO was more effective against Gram-positive bacteria than against 
Gram-negative bacteria.

The MIC/MBC ratio was calculated to determine the bactericidal or 
bacteriostatic effect of the compound. Antimicrobials are typically 
regarded as bactericidal if the MIC/MBC ratio is ≤4 and bacteriostatic if 
the ratio is>4 [24]. The ratios for ZEO toward the entire test organisms 
were <4, as described in Table 5. It means ZEO has a bactericidal effect 
on all test microorganisms.

This finding aligns with earlier studies demonstrating that ginger 
essential oil exhibits antibacterial properties, particularly against 
Gram-positive bacteria [25]. The antibacterial activity in this 
study was higher than previously reported, namely, ZEO had MIC 
values of 1.0  mg/mL and 2.0  mg/mL against SA and EC bacteria, 
respectively [26].

The antibacterial properties of ZEO may be influenced by its chemical 
composition, which includes citral, camphene, and 1,8-cineol. 
Essential oils contain hydrophobic substances that can interact 
with and be absorbed by cell membranes. Once these components 
enter bacterial cells, they bind to hydrophobic protein sites, leading 
to alterations in the membrane structure. This can cause changes 
in permeability and fluidity of cell membranes, loss of critical 
intracellular components, impairment of nutrient uptake, and, 
eventually, cell lysis [27].

Wound healing activity
The results of fibroblast cell proliferation are listed in Table  6. 
ZEO stimulated fibroblast cell proliferation at low-to-moderate 
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Table 5: MIC/MBC ratios of ZEO against test organisms

Sample SE MRSA SA EF PM EC SM
ZEO 2 1 2 2 1 1 2
MRSA: Methicillin‑resistant Staphylococcus aureus, SA: Staphylococcus aureus, 
EF: Enterococcus faecalis, PM: Proteus mirabilis, EC: Escherichia coli,  
MIC: Minimum inhibition concentration, MBC: Minimum bactericidal 
concentration, ZEO: Zingiber officinale essential oil, SM: Streptococcus mutans

Table 4: MIC and MBC value

Bacteria ZEO  
(µg/mL)

Ciprofloxacin 
(µg/mL)

MIC MBC MIC MBC
Staphylococcus aureus 62.5 125 0.015 0.015
MRSA 16 16 0.023 0.047
Staphylococcus epidermidis 31.25–62.5 62.5–125 0.015 0.015
Enterococcus faecalis 62.5 125 0.011 0.023
Proteus mirabilis 125 125 0.094 0.188
Escherichia coli 125 125 0.038 0.075
Staphylococcus mutans 31.25–62.5 125 0.047 0.047
MIC: Minimum inhibitory concentration, MBC: Minimum bactericidal 
concentration, ZEO: Zingiber officinale essential oil, MRSA: Methicillin‑resistant 
Staphylococcus aureus

Table 6: Percentage of fibroblast cell proliferation

Sample % of proliferation (mean±SD)

0.1 µg/mL 1 µg/mL 10 µg/mL 100 µg/mL
ZEO 119±16.44 120±6.51 102±10.69 66±14.22
Curcumin 137±3.51 136±5.7 124±5.13 51±4.51
Data presented as mean±SD of n=3 independent experiments. SD: Standard 
deviation

concentrations, with the highest proliferation at a concentration 
of 1 µg/mL, reaching 120%. However, at the highest concentration 
(100  µg/mL), fibroblast cell proliferation decreased to 66%, 
suggesting potential cytotoxicity at high doses. Curcumin, used as 
a positive control, was also toxic to fibroblast cells at 100 µg/mL; 
however, it showed an increase in fibroblast cell proliferation at 
lower concentrations. The morphology of fibroblast cells after 
treatment with ZEO is shown in Fig. 2. The statistical analysis using 
a one-way analysis of variance (ANOVA) showed that ZEO, the 
positive control, and curcumin had a significant effect on fibroblast 
cell proliferation (p<0.05). Furthermore, a Tukey post hoc test was 
conducted to determine group differences between ZEO, curcumin, 
and the control, which showed that ZEO at concentrations of 0.1–10 
μg/mL did not differ significantly from the control in increasing 
fibroblast cell proliferation, as indicated by a shared letter between 
these two groups.

The results of fibroblast cell migration are listed in Table 7 and Fig. 3.

The results showed that ZEO can enhance the migration process of 
fibroblasts. At 24  h, the wound closure rate ranged from 37.46% 
to 42.64%, with the highest effect observed at a concentration 
of 10  µg/mL, at 42.64%. After 48  h, all concentrations showed a 
significant increase in wound closure, ranging from 76.77% to 
80.52%. The highest effect was observed at a concentration of 
0.1 µg/mL, with an efficacy of 80.52%. This demonstrates that ZEO 
can effectively accelerate wound closure, particularly within 48  h, 
with optimal effects observed at low-to-moderate concentrations. 
Positive control curcumin showed a lower percentage of wound 
closure compared to ZEO. The statistical analysis using a one-way 

Table 7: Percentage of wound closure after 24 and 48 h 
treatment with ZEO

Sampel Concentration 
(µg/mL)

% of wound closure 
(mean±SD)

24 HRS 48 HRS
ZEO 0.1 41.71±1.43 80.52±2.45

1 37.46±2.43 76.77±4.30
10 42.64±6.77 80.31±1.76

Curcumin 0.1 31.62±0.22 62.62±5.99
1 25.44±1.41 59.41±2.48
10 22.57±2.64 51.95±0.5

Data presented as mean±SD of n=3 independent experiments. ZEO: Zingiber 
officinale essential oil var. amarum of essential oil, HRS: Hour, SD: Standard 
deviation

ANOVA showed that ZEO, the positive control, and curcumin had a 
significant effect on fibroblast cell migration (p<0.05). Furthermore, 
a Tukey post hoc test was conducted to determine group differences 
between ZEO, curcumin, and the control, which showed that ZEO at 
concentrations of 0.1–10 μg/mL differs significantly from the control 
and curcumin in triggering fibroblast cell migration, as indicated by 
the lack of a shared letter between these two groups.

Some essential oils and terpenes may accelerate wound closure 
by stimulating the movement of fibroblasts and epithelial cells, 
although dosage can influence this effect. At specific dosages, they 
may inhibit cell migration [28]. This is thought to be influenced 
by the content of ZEO, which contains the main compounds citral, 
camphene, and 1,8-cineol, as well as other compounds that have 
antimicrobial and anti-inflammatory properties, thereby working 
synergistically in their role of stimulating fibroblast proliferation 
and migration [7].

A study stated that incorporating ginger essential oil and garlic 
oil with neomycin base as nano-emulsions showed an effective 
and able to accelerate wounds’ healing and inflammation in a rat 
model [29]. In contrast, curcumin, the isolated compound from 
Curcuma longa Linn., has wound-healing properties through anti-
inflammatory, antioxidant, and anti-infectious properties. Besides, 
curcumin also enhances collagen deposition, tissue remodeling, 
fibroblast proliferation, granulation tissue formation, and 
vasculature density.

Fig. 2: (a) Fibroblast cell treated with 0.1 µg/mL Zingiber 
officinale essential oil, (b) 1 µg/mL, (c) 10 µg/mL, (d) 100 µg/mL. 

Scale bar=100 µm
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CONCLUSION

Essential oil from Z. officinale var. amarum exhibited good antibacterial 
activity against Gram-positive bacteria, displaying a bactericidal 
effect. The ZEO enhanced the proliferation and migration of fibroblast 
cells at the lowest concentration and exhibited cytotoxicity at higher 
concentrations. However, this oil did not show antioxidant activity. Z. 
officinale var. amarum essential oil has the potential to be developed as 
a nature-based wound-healing active ingredient, due to its mechanism 
as an antibacterial agent and its enhancement of fibroblast cell 
proliferation and migration.
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indicate wound margins. Scale bar=200 µm
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