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Abstract

Objective/Background: The essential oils (EOs) of Curcuma species contain various volatile compounds with bioactivity.
However, the phytochemical profile of Curcuma thorelii and the antimicrobial activities of Curcuma rhabdota, and Curcuma petiolata
have received limited attention. This study aims to characterize and compare the major compounds and the antimicrobial activities
of EOs extracted from the rhizomes of C. rhabdota, C. thorelii, and C. petiolata collected in Vietnam.Methods: EOs were obtained by
hydrodistillation of the rhizomes of three Curcuma species. The chemical profiles were determined using gas chromatography-mass
spectrometry (GC-MS). The antimicrobial activities against bacteria and a pathogenic fungus were determined through the broth
dilution method. Results: The volatile profiles of C. rhabdota, C. thorelii, and C. petiolata EOs included 63 (97.1%), 47 (98.0%),
and 50 (95.6%) compounds, respectively. The major compound in the EO of C. rhabdota rhizomes was 3-carene (16.6%), followed
by camphene (9.8%), α-copaene (7.4%), γ-terpinene (7.3%), camphor (5.9%), and β-curcumene (5.7%). The predominant com-
pounds of the EO extracted from C. thorelii rhizome were xanthorrhizol (40.7%), β-curcumene (20.7%), and α-curcumene
(8.9%), while camphene (17.0%), (E)-β-elemenone (16.8%), (E)-β-farnesene (13.6%), germacrone (8.9%), 1,8-cineole (7.2%), and
camphor (6.0%) were the most abundant components in C. petiolata rhizomes. Except for Pseudomonas aeruginosa, which was less sus-
ceptible to the EOs with a minimum inhibitory concentration (MIC) value of 128 μg/mL, the three oil samples exhibited potent
antimicrobial activities against all investigated strains with MIC values in the range of 2-32 μg/mL. Especially, the EO of C. thorelii
rhizomes showed intense activity against Enterococcus faecalis, Staphylococcus aureus, Bacillus cereus, Escherichia coli, and Candida albicans with
a MIC value of 2 µg/mL. Conclusion: The results showed the chemical variability of EOs from three Curcuma species and the pre-
pared EO samples showed potent antimicrobial activities against several microbial strains, indicating a high potential application as a
food preservative and in the pharmaceutical industry.
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Introduction

Curcuma is a large genus of the Zingiberaceae family with
approximately 130 species growing in South and Southeast
Asia.1 Among them, there are currently more than 27 species
of Curcuma widely distributed from the northern to southern
provinces in Vietnam.2,3 In the traditional medicine of many
countries, Curcuma species have long been used medicinally
for treating pneumonia, hormonal disorders, bronchial com-
plaints, leucorrhea, diarrhea, dysentery, and parasitosis, among
other conditions.4–6 Curcuma species have been considered a
rich source of essential oils (EOs), which are responsible for
their pleasant aroma, as well as a valuable source of medicinal
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substances, such as curcumin, xanthorhizol, curdione, curcuze-
doalide, isoprocurcumenol, and turmeronols,7,8 which contrib-
ute to their various pharmacological properties.9 Several studies
on Curcuma EOs identified sesquiterpenoids and monoterpe-
noids as the major components.10 Various EOs from Curcuma
species have been reported to possess strong antioxidant activ-
ity.11–13 Other bioactivities of these EOs also have been
described such as antibacterial,11 anti-inflammatory,14 antimi-
crobial,15 antitumor,16 insecticidal,17,18 antifungal,19 and cyto-
toxic activities.20 Furthermore, curcuminoid compounds are
the major constituents of Curcuma species, which are generally
regarded as the most active constituents, with a diverse range
of bioactivities such as antitumor, anti-inflammatory, and
neuro-protective, for treatment of a wide range of ailments,21

and efficient inhibition of the enzyme tyrosinase.22 Although
studies on the phytochemistry and bioactivities of Curcuma
EOs are abundant in the literature, there is no report describing
the antimicrobial activity of Curcuma rhabdota Sirirugsa &
M.F.Newman and Curcuma petiolata Roxb. Besides, there has
been no phytochemical and pharmacological information on
Curcuma thorelii Gagnep. Therefore, the present study was con-
ducted to clarify the chemical compositions of EOs prepared
from C. thorelii, C. rhabdota, and C. petiolata rhizomes and their
antimicrobial activities.

Results and Discussion

EO Composition

Hydrodistillation of the rhizomes of the three Curcuma species
all produced pale-yellow oils. The yields of the obtained EOs
from C. rhabdota, C. thorelii, and C. petiolata were 0.19%,
0.22%, and 0.17% (w/w), respectively, calculated on a fresh
weight basis. The chemical compositions of these EOs are
given in Table 1.

In general, the C. rhabdota rhizome EO was rich in monoter-
pene (50.4%) and sesquiterpene (29.3%) hydrocarbons, the C.
thorelii rhizome EO was rich in oxygenated sesquiterpenes
(44.0%) and sesquiterpene hydrocarbons (37.8%), while the
rhizome EO of C. petiolata showed no significant difference
between the compound groups.

The analytical results showed the identification of 63, 47, and
50 principal constituents, making a total of 97.1%, 98.0%, and
95.6% of the EOs of C. rhabdota, C. thorelii, and C. petiolata,
respectively (Table 1). 3-Carene (16.6%), camphene (9.8%),
α-copaene (7.4%), γ-terpinene (7.3%), camphor (5.9%), and
β-curcumene (5.7%) were the main components of C. rhabdota
rhizome EO. Xanthorrhizol (40.7%), β-curcumene (20.7%),
and α-curcumene (8.9%) were the principal compounds of
the EO of C. thorelii rhizomes, and camphene (17.0%),
(E)-β-elemenone (16.8%), (E)-β-farnesene (13.6%), germa-
crone (8.9%), 1,8-cineole (7.2%), and camphor (6.0%) were
identified as the major constituents of the EO of C. petiolata
rhizome. Remarkably, the EOs of C. rhabdota and C. petiolata
had camphene and camphor as the same major components,

while β-curcumene was found as the major component in
both C. rhabdota and C. thorelii EOs.

A comparison of these results with those in the literature
showed that there are some differences among the C. rhabdota
EOs that have been studied. Specifically, three main constitu-
ents of the EO of this plant from Bangkok, Thailand were ger-
macrone (24.4%), butanoic acid butyl ester (14.2%), and
butanoic acid-1-methylpropyl ester (8.8%).24 In another study,
3-carene and copaene were identified as two major compounds
in the rhizome EO of this plant from Ubon Ratchathani,
Thailand.25 For C. petiolata, previous results showed marked dif-
ferences in the quality and quantity of chemical compositions in
which β-farnesene (74.8%) and 2-methyl-5-pentanol (84.0%)
were revealed to be dominant.26,27 In particular, xanthorrhizol
in C. xanthorrhiza rhizomes28 was found in C. thorelii rhizomes,
but was absent from the rhizomes of C. rhabdota and C. petiolata.
Additionally, α-curcumene and β-curcumene were found in C.
rhabdota and C. thorelii, which is similar to the reported data
for other Curcuma species (eg Curcuma amada and Curcuma aroma-
tica29,30). However, these two compounds were not found in the
EO of C. petiolata. These results showed that the variability in
the chemical constituents of the EOs of Curcuma species
depends on different species, different geographical locations,
and different extraction methods leading to the variability of
EO analytical results.

Antimicrobial Activity Evaluation

The results of the study of the antimicrobial activity of the EOs
of the rhizomes of C. rhabdota, C. thorelii, and C. petiolata are pre-
sented in Table 2.

In general, the results showed that C. thorelii rhizome EO
showed higher potential antimicrobial activities than those of
C. petiolata and C. rhabdota EO against all investigated strains,
except for Pseudomonas aeruginosa. Specifically, the rhizome EO
of C. thorelii showed strong antibacterial activities against
Gram-positive bacteria (Enterococcus faecalis, Staphylococcus aureus,
and Bacillus cereus) with MIC values of 2 μg/mL and
Gram-negative bacteria (Escherichia coli and Salmonella enterica),
with MIC values of 2-8 μg/mL. The potential antibacterial
activity of C. petiolata rhizome EO against E. faecalis was
observed with a MIC value of 8 µg/mL, while the values
against B. cereus, S. aureus, S. enterica, and E. coli were only
16 µg/mL. Similarly, C. rhabdota rhizome EO was only shown
to possess moderate activity against the same bacterial strains
with MIC values in the range of 16-32 μg/mL. Compared
with the inhibitory effects of the positive controls on those bac-
teria, C. thorelii showed significantly stronger activity than kana-
mycin (MIC values of 4-128 μg/mL) and tetracycline (MIC
values of 4-64 μg/mL), while C. petiolata and C. rhabdota pos-
sessed comparable antimicrobial activities to these antibiotics.
Considering P. aeruginosa, all EOs tested exhibited weak antibac-
terial activity with a MIC value of 128 μg/mL, whereas kanamy-
cin still effectively inhibited this strain, with a MIC of 64 µg/
mL. Compared with some previous studies, the antimicrobial
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Table 1. Chemical Compositions of EOs From the Rhizomes of Three Curcuma Species.

RI(Exp.) RI(Lit.) Constituents Curcuma rhabdota Curcuma thorelii Curcuma petiolata

899 901 2-Heptanol 0.1 - -
928 925 Tricyclene 0.2 0.1 1.5
932 929 α-Thujene 1.4 - 0.1
940 937 α-Pinene 3.4 1.2 1.2
955 952 Camphene 9.8 4.1 17.0
978 974 Sabinene 0.3 - 0.3
982 979 β-Pinene 1.1 1.0 0.6
993 991 β-Myrcene 0.6 0.3 2.4
1003 1001 2-Carene 0.1 - -
1007 1005 α-Phellandrene 0.5 0.1 0.4
1015 1011 3-Carene 16.6 0.4 0.1
1021 1017 α-Terpinene 0.2 - 0.1
1029 1025 p-Cymene 4.1 0.1 0.6
1033 1030 Limonene 1.7 0.5 2.0
1037 1032 1,8-Cineole 0.1 0.1 7.2
1042 1038 (Z)-β-Ocimene 1.2 0.1 0.8
1052 1049 (E)-β-Ocimene 1.0 - 0.1
1064 1060 γ-Terpinene 7.3 0.1 0.1
1071 1070 cis-Sabinene hydrate 0.1 - -
1091 1088 Terpinolene 0.4 - 0.1
1092 1096 Fenchone - 0.2 -
1094 1092 2-Nonanone 0.1 - -
1100 1099 Linalool 0.3 0.1 0.2
1133 1131 neo-allo-Ocimene 0.5 - 0.2
1140 1144 trans-Verbenol 0.3 - -
1150 1145 Camphor 5.9 1.6 6.0
1153 1148 Camphene hydrate - - 0.8
1161 1157 Isoborneol 0.1 0.4 0.1
1170 1167 endo-Borneol 0.2 4.7 0.6
1181 1177 Terpinen-4-ol 0.4 0.1 0.3
1193 1189 α-Terpineol 0.1 - 0.3
1198 1195 Myrtenol - 0.1 -
1224 1223 Fenchyl acetate 0.1 - -
1245 1240 cis-Citral 0.1 - -
1248 1242 Carvone - - 0.1
1274 1270 trans-Citral 0.1 - -
1289 1285 Bornyl acetate 0.2 0.4 0.1
1302 1299 Carvacrol 0.1 - -
1334 1327 Myrtenyl acetate - 0.5 -
1342 1338 δ-Elemene - - 0.5
1354 1351 α-Cubebene 0.1 - -
1371 1368 Cyclosativene 0.2 - -
1380 1376 α-Copaene 7.4 - 0.1
1392 1391 7-epi-Sesquithujene - 0.3 -
1393 1389 β-Cubebene 0.1 - -
1394 1391 β-Elemene 0.1 0.1 3.5
1402 1399 Cyperene - 0.1 -
1408 1402 Sesquithujene 0.1 1.2 -
1418 1415 cis-α-Bergamotene 0.1 0.7 -
1424 1419 (E)-β-Caryophyllene 4.5 1.2 0.8
1433 1432 β-Copaene - - 0.1
1438 1433 γ-Elemene - - 1.8
1440 1435 trans-α-Bergamotene 0.1 0.1 -
1448 1447 Selina-5,11-diene - 0.1 -
1453 1440 Aromandendrene - - 0.1
1459 1454 α-Humulene 2.9 - -
1460 1457 (E)-β-Farnesene - 2.3 13.6
1466 1461 Aromadendrene 3.4 - 0.1

(Continued)
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activities of C. thorelii, C. petiolata, and C. rhabdota were markedly
pronounced. The MIC value of the EO from Euphorbia heliosco-
pia against S. aureus, E. faecalis, andE. coli was 31.25 μg/mL.31 In
another study, the EO from Meistera sudae Šída f. & Škorničk
leaf, a Vietnamese Zingiberaceae species, inhibited Bacillus subti-
lis and S. aureus, with the same MIC value of 25 µg/mL.32 In
recent research, EOs from the leaves of Fokienia hodginsii and
Amentotaxus argotaenia strongly inhibited E. faecalis and B.
cereus, with MIC values ranging from 32 to 64 µg/mL.33

For anti-yeast activity, the EO samples also showed moder-
ate to strong effects against Candida albicans. Specifically, the
strongest yeast inhibitory effect was found for C. thorelii
rhizome EO (MIC= 2 µg/mL), followed by C. petiolata and
C. rhabdota rhizome EOs, with a MIC value of 16 μg/mL.

This finding might be valuable because many EOs are
known to inhibit significantly the cell wall of only
Gram-positive bacteria.34 Akarchariya et al demonstrated that
EOs from other Curcuma rhizomes, such as Curcuma aeruginosa,

Table 1. Continued.

RI(Exp.) RI(Lit.) Constituents Curcuma rhabdota Curcuma thorelii Curcuma petiolata

1480 1477 γ-Muurolene 1.3 - 0.1
1483 1480 γ-Curcumene - 1.0 -
1485 1481 Germacrene D - - 1.3
1486 1483 α-Curcumene 2.0 8.9 -
1490 1486 β-Eudesmene 0.1 - 0.2
1496 1495 α-Zingiberene - 0.6 -
1497 1493 epi-Cubebol 0.7 - -
1498 1494 α-Selinene - - 0.4
1503 1499 α-Muurolene 0.1 - -
1511 1509 β-Bisabolene 0.1 0.2 -
1516 1514 β-Curcumene 5.7 20.7 -
1519 1515 Cubebol 1.3 - -
1527 1524 β-Sesquiphellandrene - 0.3 -
1528 1524 Cadina-1(10),4-diene 0.9 - 0.1
1534 1527 α-Panasinsen - - 0.1
1537 1532 Cubenene 0.1 - -
1547 1543 cis-Sesquisabinene hydrate - 0.1 -
1554 1549 Elemol 0.1 - -
1562 1557 Germacrene B - - 0.2
1567 1564 (E)-Nerolidol - 0.1 -
1588 1581 Caryophyllene oxide 3.1 0.6 0.1
1591 1585 epi-Globulol - - 0.3
1603 1593 (Z)-β-Elemenone - - 1.6
1609 1597 (E)-β-Elemenone - 0.4 16.8
1614 1606 Humulene epoxide II 2.8 - -
1633 1631 Ledene oxide-(II) - - 1.0
1641 1637 Caryophylladienol II - 0.1 -
1646 1642 τ-Cadinol 0.2 - -
1651 1645 δ-Cadinol 0.1 - -
1658 1653 α-Eudesmol 0.1 - -
1667 1675 Ylangenal 0.6 - -
1673 1671 β-Bisabolol - 1.4 -
1687 1684 α-Bisabolol - 0.3 -
1689 1695 Germacra-4(15),5,10(14)-trien-1β-ol 0.1 - -
1699 1693 Germacrone - 0.1 8.9
1759 1753 Xanthorrhizol - 40.7 -
1804 1809 Ambrial - 0.1 -
1844 1844 Curcumenone - 0.1 0.6

Monoterpene hydrocarbons 50.4 8.0 27.6
Oxygenated monoterpenes 8.1 8.2 15.7
Sesquiterpene hydrocarbons 29.3 37.8 23.0
Oxygenated sesquiterpenes 9.1 44.0 29.3

Others 0.2 - -
Total 97.1 98.0 95.6

Abbreviations. RI(Exp.): retention indices on HP-5MS ultra inert column; RI(Lit.): retention indices in literature (NIST 17 and Adams23); content (%) in “Bold”
denotes major compounds (> 5%); EO: essential oil.
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Curcuma glans, and Curcuma cf. xanthorrhiza, also exhibited good
antibacterial activities.35 The antimicrobial and other bioactivi-
ties of the Curcuma genus have been summarized recently.9

In a previous study, β-curcumene was identified as a character-
istic chemical component of the EOs of the Curcuma genus, along
with other sesquiterpenes, such as ar-turmerone, α-curcumene,
and xanthorrhizol.9 To date, there have been limited studies on
the bioactivities of β-curcumene. However, the EO of C. thorelii
rhizomes displayed potential antimicrobial activities and
β-curcumene formed 20.7% of the total content, which suggested
that the olefinic sesquiterpene might possess promising antimicro-
bial activities. Xanthorrhizol, a bisabolene-type aromatic sesquiter-
pene, is the most abundant compound in the EO of
C. xanthorrhiza. Recently, xanthorrhizol has become a compound
of interest in the pharmacological field, in terms of anti-cancer
and antimicrobial activities. The aromatic sesquiterpene exhibited
strong antimicrobial effects against S. aureus, E. coli, and
Propionibacterium acnes, which explained the strong antimicrobial
effects of C. thorelii rhizome EO, which contained more than
40% of xanthorrhizol.36 Xanthorrhizol was also shown to have
potential anticancer properties with inhibitory effects on various
cancer cells. Xanthorrhizol also exhibited synergistic effects with
curcumin and tamoxifen on cancer cell growth inhibition.37,38

3-Carene is a bicyclic monoterpene, which can be commonly
found in Pinus and pepper volatile oils. The compound had
strong antibacterial activity against Brochothrix thermosphacta and
Pseudomonas fluorescens by damaging cellular membranes, disrupting
DNA structure, and interfering with cellular functions.39

Camphene is a volatile compound commonly found in various
aromatic plants, including Thymus, Origanum, and Salvia genera.
Camphene was found to exhibit antimicrobial activities against
various bacterial and fungal strains. This bicyclic monoterpene
was also studied for other pharmacological activities, including
antiviral, anti-leishmanial, anti-inflammatory, anti-diabetic, hypoli-
pidemic, and anti-cancer activities.40 In particular, previous studies

demonstrated that 1,8-cineole has antinociceptive, vasodilator,
bronchodilator, anti-inflammatory, hepatoprotective, gastropro-
tective, antibacterial, antimycotic, and antitumorigenic activities.41

Camphor can be a promising agent for potential antibacterial, anti-
fungal, analgesic, anti-inflammatory, and antioxidant activities.42

Currently, further studies are needed on these herbs because of
their antimicrobial and other biological effects. Based on that sci-
entific basis, the orientation continues for the rational exploitation
and use as well as the development of new functional foods and
new drugs.

Materials and Methods

Plant Materials

The fresh rhizomes of C. rhabdota Sirirugsa &M.F.Newman and
C. petiolata Roxb were collected from Phuoc Vinh Forest, Chau
Thanh District, Tay Ninh Province, Vietnam in July 2021, while
the fresh rhizomes of C. thorelii Gagnep were taken from Suoi
Kiet Commune, Tanh Linh District, Binh Thuan Province,
Vietnam in August 2022. The plants were identified by Dr
Dang Van-Son (Institute of Tropical Biology, Vietnam
Academy of Science and Technology) and Dr Nguyen
Danh-Duc (Institute of Applied Technology, Thu Dau Mot
University). Voucher specimens HC-008 (C. rhabdota),
HC-009 (C. petiolata), and NDD-236 (C. thorelii) were deposited
at the herbarium of the Institute of Applied Technology, Thu
Dau Mot University, Binh Duong Province, Vietnam.

Isolation of the EOs

Five hundred grams of each sample was washed, pulverized,
and distilled using a Clevenger apparatus until the amount of
obtained EO was constant. After that, anhydrous sodium
sulfate (Na2SO4) was used to completely remove all traces of

Table 2. Antimicrobial Activity of EOs From the Rhizomes of Three Curcuma Species.

Minimum inhibitory concentration (MIC: µg/mL)

Microbial strains Curcuma rhabdota Curcuma thorelii Curcuma petiolata Kanamycin Tetracycline Cycloheximide

Gram (+) Enterococcus faecalis
ATCC29212

16 2 8 128 4 -

Staphylococcus aureus
ATCC25923

16 2 16 4 16 -

Bacillus cereus
ATCC14579

16 2 16 8 64 -

Gram (-) Escherichia coli
ATCC25922

32 2 16 128 8 -

Pseudomonas aeruginosa
ATCC27853

128 128 128 64 256 -

Salmonella enterica
ATCC13076

32 8 16 16 64 -

Yeast Candida albicans
ATCC10231

16 2 16 - - 32

Abbreviation. EO: essential oil.

Tran-Trung et al. 5



water. Experiments were performed in triplicate. Finally, the
EOs were stored in a refrigerator at 4°C for later analysis of
chemical composition and biological activity.

Chemical Characterization of the EOs

GC-MS analysis was performed on an Agilent 7890B GC System
equipped with a 5977B MSD model. The GC column was an
HP-5MS Ultral Inert (30 m× 0.25 mm, thin film of 0.25 μm).
The injection volume (dissolved with a ratio of 1/100, v/v,
n-hexane, Merck) was 1 μL using a splitting mode (1:25). The
carrier gas was helium with a flow rate of 2.0 mL/min and a
column head pressure of 8.2 psi. The inlet-F temperature was
300°C, the MS Quad temperature 50°C, the Aux-2 temperature
300°C, and the MS source 230°C. The GC oven temperature was
kept at 60°C for 1 min and increased to 240°C at a rate of 4°C/
min and kept constant at 240°C for 4 min. The MS scanned were
obtained by electronic impact at 70 eV with automatic scanning
in the range of 50-550 amu at 2 scans per second. The volatile
constituents were identified by comparison of their mass
spectra and retention indices (RI) with the literature (NIST 17
and Adams).23 MassHunter Workstation Software was used to
handle mass spectra and chromatography analysis. Finally, the
content of each compound was quantified by dividing their
respective peak areas by the sum of all the EO components’
peak areas and multiplying the result by 100.

Antimicrobial Activity Assay

The rhizome EOs of C. rhabdota, C. thorelii, and C. petiolata were
analyzed for antimicrobial activity using Gram-positive bacteria
namely, E. faecalis ATCC29212, S. aureus ATCC2592, and B.
cereus ATCC14579; Gram-negative bacteria, namely E. coli
ATCC25922, P. aeruginosa ATCC27853, and S. enterica
ATCC13076; and a yeast strain, namely C. albicans
ATCC10231. All of them were purchased from the National
Institute for Food Control (Hanoi, Vietnam).

The rhizome EOs of C. rhabdota, C. thorelii, and C. petiolata
were dissolved in 10% DMSO (dimethyl sulfoxide) in a decreas-
ing concentration range (μg/mL): 256, 128, 64, 32, 16, 8, 4, and
2; the experiment was conducted in triplicate. Fifty microliter of
microbial culture, standardized at a concentration of 2× 105

CFU/mL, was shaken at 120 r/min, and then incubated at 37
°C for 24 h. MIC values were determined as the lowest concen-
tration of each of the EOs which completely inhibited
(97%-100%) the growth of the microorganisms and were accu-
rately determined based on turbidity measurement using a
BioTek Epoch spectrophotometer (USA) and RawData soft-
ware. Kanamycin, tetracycline, and cycloheximide were used
as the antibacterial and antifungal standards.43

Conclusions

For the first time, the antimicrobial activity of rhizome EOs of
C. rhabdota and C. petiolata, as well as the chemical constituents

and antimicrobial activity of the rhizome EO extracted from C.
thorelii were reported. The analysis results showed that C. rhab-
dota consisted mainly of monoterpenes while C. thorelii and C.
petiolata were composed of sesquiterpenes. All three EOs
showed strong antimicrobial activity against the investigated
strains. Therefore, the results of this investigation may hold
promise for food, pharmaceutical, and other industrial applica-
tions. Finally, the isolation and identification of nonvolatile
compounds and their bioactivities from these species could
be carried out in the near future.
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