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Abstract  
Background: Vietnam is a tropical country blessed with many plants. The majority of these floras have not been exploited for their chemical 
constituents and biological potential. In an attempt to source for natural products to combat microbial infections, plant products can act in this 
regard. The aim of this paper was to report the chemical composition and antimicrobial activity of essential oil from Amomum glabrum growing in 
Vietnam. 
Methods: The leaves and rhizomes of Amomum glabrum S.Q.Tong (Zingiberaceae) were collected from Pù Hoạt Nature Reserve, 18°17′15″N, 

105°21′39″E, north-central Vietnam, at an elevation of 124 m in October 2018. The fresh samples were subjected to hydrodistillation process 

using Clevenger-apparatus to obtain essential oils. The essential oils were subjected to gas chromatography (GC) and gas chromatography 

coupled with mass spectrometry (GC/MS). The antimicrobial activity was determined by microdilution broth susceptibility assay. All experiments 

were done in triplicate analyses. 

Results: The major compounds in the leaf essential oil were β-pinene (62.2%) and α-pinene (13.1%) while the rhizome oil comprised mainly of 

β-pinene (53.7%), α-pinene (10.1%) and fenchyl acetate (11.3%). The antimicrobial study showed that the leaf essential oil was active against 

Enterococcus faecalis ATCC 299212, Bacillus cereus ATCC 14579 and Candida albicans ATCC 10231 with minimum inhibitory concentration 

(MIC) values of 4.23 µg/mL, 67.98 µg/mL and 1.56 µg/mL respectively, while MIC values of 18.67 µg/mL, 9.78 µg/mL and 10.23 µg/mL 

respectively were shown by the rhizome essential oil towards the same microorganisms. Both essential oils inhibited the growth of 

Staphylococcus aureus ATCC 25923 with the MIC value of 5.67 µg/mL. 

Conclusion: This study, therefore, concludes that the essential oils from the leaves and rhizomes of A. glabrum possess antimicrobial effect 

which may be due to the compounds present therein. This report, the first of its kind, indicates the potential of A. glabrum essential oils as 

sources of antimicrobial principle. 
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Background 
 

In recent times, the chemical constituents and biological activities 

of essential oils from some Amomum plants [1-4] and other poorly 

studied species of Vietnamese flora [5,6] were published. 

Amomum is a genus of plants native to China, the Indian 

subcontinent, Southeast Asia, New Guinea, and Queensland [7]. 

Amomum plants from Vietnam and other parts of the world have 

been described as sources of biologically active components [3,4]. 

.Amomum glabrum S.Q. Tong (family Zingiberaceae) is known as 

Sa nhân nhẵn in Vietnam and distributed within Nghe An Province 

(Pù Hoạt Nature Reserve), Ha Tinh Province (Vu Quang National 

Park). A. glabrum is a plant which grows up to 0.8-1.5 m tall. The 

leaf sheaths are green glabrous while the bracts are reddish in 

colour and subovate in shape. Flowering occurs in May [8,9]. The 

plant has been used in ethnomedicine for the treatment of 

inflammation, malaria and microbial infections [8].  

Our previous investigations into the volatile constituents 

of Amomum plants grown in Vietnam have produced results which 

have been published [1-4]. The main class of compounds in the 

leaves of A. longiligulare [1], A. maximum [10], and A. aculeatum 

[11] were monoterpene hydrocarbons and sesquiterpene 

hydrocarbons. The essential oil of the stem of A. longiligulare [1] 

and A. gagnepainii [3] were dominated by sesquiterpene 

hydrocarbons and oxygenated counterparts. Monoterpene 

hydrocarbons occurred in higher quantity in all parts of A. repoense 

[3], the rhizome of A. rubidium [4] and the leaf of A. villosum [12]. 

Oxygenated monoterpenes and sesquiterpene compounds 

constituted the bulk of essential oil from the leaves and fruits of A. 

muricarpum [10]. However, fatty acids were identified in quantity in 

the root of A. longiligulare [1]. In addition, the larvicidal [4] and 

antimicrobial [13, 14] activities of essential oils from other species 

of Amomum have been reported.  

The authors are not aware of any information on the 

volatile and non-volatile constituents as well as biological activities 

of A. glabrum and thus aroused our interest in the present study. 

The aim of the present study was to examine the chemical 

constituents and antimicrobial activity of essential oils from the 

leaves and rhizomes of Amomum glabrum S.Q. Tong growing in 

Vietnam. The present report was in continuation of our extensive 

study on the biological activities of essential oils from Vietnamese 

plants [13-16]. 

 

Methods 
 

Reagents  

 

All chemicals and materials used in the experiment were pure 

products of Sigma-Aldrich (San Louis, MI, USA) distributor. They 

include, Mueller-Hinton Agar, Sabouraud Agar, Dimethylsulfoxide, 

Streptomycin, Nystatin and Cycloheximide. 

 

Collection of the leaves and rhizomes of A. glabrum 

 

The leaves and rhizomes of A. glabrum were collected from plants 

wild-growing in Pù Hoạt Nature Reserve, (GPS: 18°17′15″N, 

105°21′39″E), north-central Vietnam, at an elevation of 124 m, in 

October 2018. The plant samples were identified by Dr. Dai, D.N. 

and voucher a specimen (NTC 754) was deposited in the plant 

specimen room, Faculty Agriculture, Forestry and Fishery, Nghe 

An, College of Economics.  In each case, the fresh leaves and 

rhizomes were chopped to obtain an approximate weight of 2.0 kg 

which was subjected to hydrodistillation using a Clevenger-type 

apparatus. 

 

Hydrodistillation of the samples 

 

To obtain essential oils, the leaves and rhizomes of A. glabrum 

were grinded to reduce the surface area for easy volatilization of 

the oil. For the experiment, 2000 g of each sample of the leaves 

and rhizomes of A. glabrum was subjected to hydrodistillation 

separately according to specification [17], using a Clevenger-type 

apparatus as described in previous studies [13-16]. The samples 

were carefully and separately packed inside 5 L flask to which 

distilled water was added and ensured that the samples were 

completely covered. The time used for distillation was 3 h and at 

atmospheric pressure. The essential oils were stored in weighed 

sample bottles and kept refrigerated (4 oC) until the time of 

chemical and biological analyses. The hydrodistillation process 

was done in triplicates. 

 

Analysis of the constituents of the essential oils 

 

Gas chromatographic (GC) analysis was performed on an Agilent 

Technologies HP 7890A Plus Gas chromatograph equipped with a 

Flame Ionization Detector (FID) and fitted with HP-5MS column (30 

m  0.25 mm, film thickness 0.25 m, Agilent Technologies, (Santa 

Clara, California, USA). The analytical conditions were: carrier gas 

H2 (1 mL/min; 99.9999% purity), injector temperature (PTV: 

programmable temperature vaporization) 250 oC, detector 

temperature 260 oC, column temperature programmed from 60 oC 

(2 min hold) to 220 oC (10 min hold) at 4 oC/min. Samples were 

injected using a split mode with a split ratio of 10:1. The volume 

injected was 1.0 L. Inlet pressure was 6.1 kPa. The temperature 

of the injection port was 220 oC, while MS interface was MS 

Workstation 6.2 

An Agilent Technologies (Santa Clara, California, USA) HP 

7890A Plus Chromatograph fitted with a fused silica capillary HP-

5ms column (30 m  0.25 mm, film thickness 0.25 m) and 

interfaced with a mass spectrometer HP 5973 MSD was used for 

the GC/MS analysis, under the same conditions as those used for 

GC analysis. The conditions were the same as described above 

with He (1 mL/min; 99.9999% purity) as a carrier gas. The mass 

spectrum (MS) conditions were as follows: ionization voltage 70 

eV; emission current 40 mA; acquisition scan mass range of 35-

350 amu at a sampling rate of 1.0 scan/s.  

 

Identification of essential oil components 

 

The constituents of the essential oils were identified from the 

GC/MS spectral obtained. This was made possible by comparison 

of their retention indices (RI) with homologous series of n-alkanes. 

For few of the constituents, the method of co-injection with known 

compounds that were run with the same GC conditions was 

employed. The mass fragmentation patterns and calculated 

retention indices of each compound were checked and compared 

with known essential oil compositions available in the databases 

[18-20].  

 

Microorganisms 

 

The microorganisms (non-resistance) used in the evaluation of the 

antimicrobial activity of the essential oils were three strains of Gram-

positive bacteria, Enterococcus faecalis (ATCC299212), 

Staphylococcus aureus (ATCC25923), Bacillus cereus 
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(ATCC14579), three strains of Gram-negative bacteria, Escherichia 

coli (ATCC 25922), Pseudomonas aeruginosa (ATCC27853), 

Salmonella enterica (ATCC13076) and one strain of yeast, Candida 

albicans (ATCC 10231).  Testing media included Mueller-Hinton 

Agar (MHA) used for bacteria and Sabouraud Agar (SA) used for 

fungi. The strains were obtained from the laboratory stock of 

Institute of Marine Biochemistry, Vietnam Academy of Science and 

Technology, Hanoi, Vietnam. 

 

Antimicrobial activity assay 

 

The Minimum inhibitory concentration (MIC) and median inhibitory 

concentration (IC50) values were measured by the microdilution 

broth susceptibility assay [13-16, 21]. The choice of investigated 

concentrations was based on our previous reports on similar 

investigations where essential oils have been found to be active 

within specific concentration range [13-16]. A 2-fold dilution range 

was used for the experiment. Stock solutions of the oil were 

prepared in 1% dimethylsulfoxide. Dilution series (2-fold) were 

prepared from 16,384 to 2 μg/mL (214, 213, 212, 211, 210, 29, 27, 25, 23 

and 21 µg/mL) in sterile distilled water in micro-test tubes from 

where they were transferred to 96-well microtiter plates. Bacteria 

grown in double-strength Mueller-Hinton broth or double-strength 

tryptic soy broth and fungi grown in double-strength Sabouraud 

dextrose broth were standardized to 5 × 105 and 1 × 103 CFU/mL, 

respectively. The last row of the micro-test tubes containing only 

the serial dilutions of samples without microorganisms was used as 

a positive (no growth) control. Sterile distilled water and medium 

served as a negative (no antimicrobial agent) control. Streptomycin 

was used as the antibacterial standard, nystatin and cycloheximide 

were used as antifungal standards. Steptomycin is used to treat or 

prevent infections that are proven or strongly suspected to be 

caused by a number of gram-positive and gram-negative bacteria 

including tuberculosis, Mycobacterium, endocarditis etc [22]. 

Cycloheximide is a naturally occurring fungicide [23]. Nystatin is an 

antifungal that works by stopping the growth of fungus of the mouth 

or intestines. It has been used to treat Candida infections [24]. 

The test was based on the assessment of growth 

through turbidimetry (use of optical density as a measure of 

growth). The cultures of tested microorganisms grown overnight 

are diluted and read on spectrophotometer at 600 nm in 

comparison with McFarland reagents (Barium Sulphate) to obtain 

the microbial load as standardized culture. After incubation at 37 oC 

for 24 h, the MIC values were determined to be the lowest 

concentration of essential oils which completely inhibited the 

growth of microorganisms. 

The IC50 values were determined by the percentage of 

microorganisms that inhibited growth based on the turbidity 

measurement data of EPOCH2C spectrophotometer (BioTeK 

Instruments, Inc Highland Park Winooski, VT, USA) and Rawdata 

computer software (Brussels, Belgium) according to the following 

equations: 

 

                                                   % 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =

 
ODcontrol(+)− ODtest agent 

ODcontrol(+)− ODcontrol (−)
 × 100 

   IC50 = Highconc   -  
(Highinh%−50%) ×(HighConc−Low Conc)

(Highinh%−Lowinh%)
 

 

where OD is the optical density, control (+) is the cells in 

medium without the antimicrobial agent, test agent corresponds to 

a known concentration of the antimicrobial agent, control (-) is the 

culture medium without essential oils, High Conc/Low Conc is the 

concentration of test agent at high concentration/low concentration, 

and High Inh%/Low Inh% is the % inhibition at high 

concentration/% inhibition at low concentration. 

 

Statistical analysis 

 

Statistical analysis (ANOVA) of the differences between mean 

values obtained for experimental groups were calculated as a 

mean of standard deviation (SD, ±) of three independent 

measurements using Microsoft excel program 2003. 

 

Results 
 

Yields and colour of the essential oils 

 

The percentage yields of the essential oil were obtained as 0.18% 

± 0.01 (v/w, leaf) and 0.21% ± 0.01 (v/w, rhizome). The obtained 

essential oils were yellow-coloured with sweet and strong odour. 

 
Chemical constituents of the essential oils 

 
Thirty-four different compounds (Table 1) which represents 92.3% 

of the volatile contents were identified from the GC/MS spectra of 

the leaf oil of A. glabrum. Fig. 1 and Fig. 2 represents the GC 

chromatogram of the leaves and rhizomes essential oils of A. 

glabrum, respectively. The class of compounds occurring in higher 

amounts in the leaf oil of A. glabrum was monoterpene 

hydrocarbons (80.4%). The main constituents of the leaf essential 

oil were β-pinene (62.2%) and α-pinene (13.1%). Except for 

bulnesol (2.1%), limonene (1.9%) and pentadecanal (1.0%), all 

other compounds were identified in an amount less than 1%. On 

the other hand, thirty-five compounds accounting for 93.6% of the 

oil contents were identified in the rhizome oil. Monoterpene 

hydrocarbons (60.4%) and oxygenated monoterpene (15.4%) were 

the main classes of compounds occurring in the oil. In all, 

sesquiterpenes accounted for 12.8% of the oil contents. The 

significant constituents of the rhizome oil were β-pinene (43.7%), 

fenchyl acetate (11.3%) and α-pinene (10.0%). Other compounds 

identified in sizeable proportions include camphene (3.8%), 

limonene (3.3%), bulnesol (2.4%), -bicyclohomofarnesal and 

aristolochene (2.0%). 

 

Antimicrobial study of the essential oils 

 
The results of the antimicrobial assay are shown in Table 2. Both 

essential oils exhibited varying degree of antimicrobial activity 

against the tested microorganisms. The leaf essential oil inhibited 

the growth of E. faecalis ATCC29912, S. aureus ATCC2592, B. 

cereus ATCC14579 and C. albicans ATCC10231 with MIC values 

of 8.0 µg/mL, 16.0 µg/mL, 128.0 µg/mL and 8.0 µg/mL, 

respectively. However, the MIC values of the rhizome essential oil 

towards the same microorganisms were 64.0 µg/mL, 16.0 µg/mL, 

32.0 µg/mL and 32.0 µg/mL, respectively.  

The potency of the essential oils against the tested 

microorganisms defined by IC50 is shown in Table 2. In addition, 

the leaf essential oil exhibited activity towards E. faecalis 

ATCC29912, S. aureus ATCC2592, B. cereus ATCC14579, E. coli 

ATCC25922 and C. albicans ATCC10231, with inhibitory 

concentrations (IC50) of 4.23 µg/mL, 5.67 µg/mL, 67.98 µg/mL and 

1.56 µg/mL, respectively. On the other hand, IC50 values of 18.67 

µg/mL, 5.67 µg/mL, 9.78 µg/mL and 10.23 µg/mL, were displayed 

by the rhizome essential oil against E. faecalis ATCC29912, S. 

aureus ATCC2592, B. cereus ATCC14579 and C. albicans 
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ATCC10231, respectively. Streptomycin displayed antimicrobial 

activity with MIC values in the range of 0.5 g/mL -1.6 g/mL, while 

the MIC values in the range of 1.2 g/mL -3.7 g/mL were obtained 

for Cycloheximide. Nystatin on the other hand exhibited MIC values 

in the range of 2.8 g/mL -4.3 g/mL. 

 

Discussion 
 

This report was the first of its kind aimed at the evaluation of the 

chemical constituents and antimicrobial potentials of essential oils 

from the leaves and rhizomes of A. glabrum. The seemingly low 

yields of the essential oils falls within the data obtained for 

essential oils of some Amomum plants from Vietnam. A. rubidium 

rhizome [4] was obtained in a yield of 0.13%, 0.22% for A. 

aculeatum [11], 0.20% and 0.25% respectively for A. gagnepainii 

and A. repoense [3], as well as 0.30% and 0.25% for the leaf and 

roots of A. villosum [12]. In addition, the leaves and stems essential 

oils of A. rubisum were obtained in yields of 0.22% and 0.15%, 

respectively [14]. 

The leaf essential oil contained higher amount of monoterpene 

hydrocarbons (80.4% vs. 60.4%) than the rhizome essential oil 

which in turn had larger percentage of the oxygen-containing 

monoterpenes (2.3% vs. 15.4%). The quantities of the 

sesquiterpenes in both essential oils were much lower than their 

monoterpene counterparts. Although, α-pinene and β-pinene were 

the main constituents of both essential oils, the leaf essential oil 

had higher quantity of the latter while the rhizome essential oil 

contained larger amount of the former. However, fenchyl acetate, a 

significant compound of the rhizome essential oil was not identified 

in the leaf essential oil. The abundance of terpene compounds in 

the essential oils of A. glabrumm was in agreement with previous 

findings on the essential oil compositions of other Amomum plants 

[1-4, 10-11]. The abundance of monoterpene hydrocarbon 

compounds confers qualitative similarity with the chemical 

components identified in leaf essential oil of A. villosum [12] and A. 

repoense [3]. The high contents of β-pinene and α-pinene makes 

the essential oils similar to the leaf oils of A. repoense [13], A. 

maximum [10], A. muricarpum [10], and A. villosum [12]. 

 

Information obtained from data on the previous analysis of the 

chemical constituents of essential oils some Amomum plants 

growing all over the world [25-27] revealed that monoterpene and 

sesquiterpene compounds predominate. However, the identities of 

these compounds differ from one another. From the foregoing, 

essential oils of Amomum species so far analysed all over the 

world exhibited chemical variability. The amount and the 

composition of the bioactive substances may vary among the same 

or different plant species, and according to different factors such as 

the extraction methods, the geographic and the growing conditions, 

the harvest time [28]. This may be responsible for the observed 

variations in the chemical constituents of Amomum essential oil 

samples.   

 

From Table 2, it can be deduced that the leaf essential oil 

exhibited stronger antimicrobial activity towards E. faecalis 

ATCC29912 and C. albicans ATCC10231 than the rhizome 

essential oil, depicted by lower MIC and IC50 values. However, the 

rhizome essential oil showed much greater activity against B. 

cereus ATCC14579 than the leaf essential oil. Both essential oils 

displayed similar antimicrobial activity and inhibitory patterns 

against S. aureus ATCC2592. The MIC was to determine the 

minimum concentration that prevented the growth of test microbes, 

however IC50 is that concentration that achieved 50% growth 

inhibition. Ordinarily, IC50 is used to test the relative potency of 

tested products when comparative study is conducted. In the 

present work, it may be useful in drug formulation for some 

applications including the use of essential oils as component of 

antimicrobial packaging. Enterococcus faecalis is a gram-positive 

bacterium associated with complicated infections such as abdominal, 

skin, urinary tracts, postsurgical wound infections, endocarditis etc; 

S. aureus is known to be a bacterium that causes pains, burns, 

sore throats, and pus infections on the skin and internal organs 

including infectious endocarditis; B. cereus is nonpathogenic but it 

can contaminate food; while C. albicans causes baby thrush in 

children and gynecological diseases. These assay results can be 

the basis to open new broader research of the antimicrobial activity 

of essential oils from A. glabrum. 

 

It could be observed that essential oils from the leaves and 

rhizomes of A. glabrum only displayed antimicrobial activity 

towards the gram-positive pathogens and yeast. Hence it may be 

concluded that the essential oils of A. glabrum are Gram-positive 

specific. It is probable therefore, to suggest that the studied 

essential oils may be acting to antagonize the various mechanisms 

via which the microorganisms exert effect. Therefore, the observed 

antimicrobial activities of the leaves and rhizomes essential oils of 

A. glabrum are in consistent with the ethnomedicinal usage of the 

plant for the treatment of microbial infections [8]. The results of MIC 

obtained in this study confirmed known observations of Gram-

positive bacteria being more susceptible to growth inhibition by 

plant essential oils than Gram-negative bacteria. These differences 

could be attributed in part to the great complexity of the double 

membrane-containing cell envelope in Gram-negative bacteria 

compared to the single membrane structure of the Gram-positive 

ones [29]. These differences may also be attributed to the 

presence of the lipopolysaccharides in the outer membrane of the 

Gram-negative bacteria, which provides a hydrophilic surface and 

functions as a permeability barrier for many plant extracts, 

antibiotics, detergents, and lipophilic compounds [30, 31]. 

However, the ability of essential oils to disrupt the permeability 

barrier of cell membrane structures and the accompanying loss of 

chemiosmotic control is the most likely reason for its lethal action 

[32]. It is believed that essential oils can coagulate the cytoplasm 

and damage lipids and proteins [31]. 

 

The observed antimicrobial result of A. glabrum essential oil 

was in agreement with previous information that Amomum 

essential oils from Vietnam and other parts of the world selectively 

inhibited the growth of different microorganisms. For example, the 

rhizome essential oil of A. rubidium from Vietnam displayed 

inhibitory action against Escherichia coli ATCC25922 and 

Fusarium oxysporum ATCC48112 with MIC value of 50 µg/mL [13]. 

In addition, the leaf and stem essential oils of  A. rubidium from 

Vietnam showed stronger inhibition of Pseudomonas aeruginosa 

ATCC25923 with MIC of 25 µg/mL and 50 g/mL respectively, 

while both essential oils inhibited the growth of F. oxysporum 

ATCC48112 with MIC 50 µg/mL [14]. The results in this study are 

comparable with data obtained on the antimicrobial actions of other 

Amomum essential oil reported in the literature from other parts of 

the world. The leaf and fruit essential oils of A. subulatum showed 

good results against Bacillus pumilus, Staphylococcus. 

epidermidis, P. aeruginosa and S. cerevisiae [33, 34]. The rind 

essential oil of A. subulatum was only active against Aspergillus 

niger [27]. The essential oil from A. uliginosum fruit displayed 

antibacterial activity against E. coli and S. aureus [35]. The 

essential oil of A. tsao-ko exerted the strongest bactericidal activity 

against S. aureus [26, 36]. There is a report describing the 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=antibacterial+activity


Chung et al. Investigational Medicinal Chemistry and Pharmacology 2020 3(2):44                                                                    Page 5 of 8 
 
antibacterial activity of essential oil from the fruits of A. kravanh 

against some tested microorganisms [37].  

Essential oil constituents were previously reported to inhibit 

significantly the growth and cell viability of potential infections by 

broad-spectrum microorganisms. The antimicrobial activities of the 

essential oil of A. glabrum can be related to its main compounds or 

a synergy between the major and some minor constituents. The 

antimicrobial activity of the essential oil from the leaves and 

rhizomes of A. glabrum may be attributed to the monoterpenic 

hydrocarbons α-pinene and β-pinene which previously showed 

antimicrobial activity against broad-spectrum microorganisms [38]. 

The essential oil constituents such as sabinene, 1,8‐cineole, 

terpinen-4-ol and β‐caryophyllene were previously reported to 

inhibit significantly the growth and cell viability of potential 

infectious of broad-spectrum microorganisms [39, 40]. The 

antibacterial activity of β-caryophyllene against S. aureus was 

reported recently [41].  In recent years, greater attention has been 

paid to the screening of antimicrobial activity from essential oil as a 

source of developing new antimicrobial agents to combat microbial 

resistance. Therefore, effort is ongoing in our laboratory to isolate 

and characterize the specific antimicrobial bioactive principles in 

these essential oils as well as carry out in-vivo antimicrobial assays 

and object recognition test for the isolated compound(s). 

 

 

 

 

 

 

 
 

Figure 1. GC chromatogram of the leaf essential oil 
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Figure 2. GC chromatogram of rhizome essential oil 

 

 

Table 1. Chemical constituents of essential oils from the leaf and rhizome of Amomum glabrum 

Sr. No RT (mins) Compoundsa    RI (Exp.) RI (Lit.) Leavesb Rhizomes b 

1  9.86 α-Thujene 930 921 0.2 - 

2  10.14 α-Pinene c 939 932 13.1 10.0 

3  10.63 Camphene 955 946 0.3 3.8 

4  10.77 Thuja-2,4(10)-diene 960 960 0.3 - 

5  11.34 Sabinene 978 972 1.0 0.8 

6  11.56 β-Pinene c 985 988 62.2 43.7 

7  11.74 Myrcene 992 990 0.6 0.6 

8  13.00 o-Cymene 1030 1028 0.2 0.2 

9  13.15 Limonene  1034 1030 1.9 3.3 

10  13.20 β-Phellandrene 1035 1032 0.3 0.2 

11  13.27 1,8-Cineole 1037 1034 0.2 - 

12  13.28 (Z)-β-Ocimene 1038 1038 - 0.8 

13  13.66 (E)-β-Ocimene 1049 1044 - 0.3 

14  14.15 -Terpinene 1063 1065 - 0.1 

15  15.21 Terpinolene 1094 1092 - 0.2 

16  16.10 allo-Ocimene 1120 1128 0.3 - 

17  17.16 trans-Sabinol 1150 1148 0.3 - 

18  17.96 Pinocarvone 1173 1173 0.4 0.2 

19  18.12 Borneol 1177 1177 - 0.2 

20  19.15 Myrtenal 1207 1208 0.8 0.2 

21  19.88 Fenchyl acetate c 1228 1228 - 11.3 

22  22.16 Bornyl acetate 1294 1294 - 2.8 

23  22.25 Isobornyl acetate 1296 1298 - 0.2 
24  22.39 Dihydroedulan c 1301 1300 0.1 - 

25  24.24 α-Terpinyl acetate 1357 1355 - 0.5 
26  25.32 α-Copaene 1389 1389 0.5 0.5 
27  25.78 cis-β-Elemene 1403 1404 0.2 - 
28  26.03 Dodecanal 1411 1412 0.2 - 
29  26.31 Aristola-1(10),8-diene c 1420 1422 0.1 - 

30  26.83 β-Caryophyllene 1437 1437 0.6 0.5 
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31  27.58 (Z)-β-Farnesene 1460 1460 0.2 - 
32  27.95 α-Humulene 1471 1471 0.7 0.8 
33  28.81 β-Chamigrene 1490 1488 - 0.6 

34  28.86 Aristolochene 1501 1500 0.9 2.0 
35  28.96 β-Selinene 1505 1505 0.5 0.2 
36  29.29 (E,E)-α-Farnesene 1512 1511 0.5 - 
37  29.11 -Amorphene 1515 1515 - 0.3 

38  29.44 β-Curcumene 1521 1522 0.7 - 
39  29.92 7-epi-α-Selinene 1537 1537 - 0.5 
40  31.95 Caryophyllene oxide 1605 1608 0.8 0.7 
41  32.24 Tetradecanal 1615 1616 0.2 - 
42  32.22 Guaiol 1616 1618 - 0.6 
43  32.71 Humulene epoxide II 1632 1632 0.2 0.6 
44  35.12 Pentadecanal 1718 1718 1.0 1.1 
45  34.17 neo-Intermedeol 1683 1683 - 1.0 
46  34.26 Bulnesol  1686 1686 2.1 2.4 
47  38.07 -Bicyclohomofarnesal c 1828 1830 0.3 2.1 

48  42.65 (E)-15,16-Bisnorlabda-8(17),11-dien-13-one c 2013 2008 - 0.3 

49  45.09 Phytol c 2128 2119 0.4 - 
Total 92.3 93.6 

Monoterpene hydrocarbons 80.4 60.4 
Oxygenated monoterpenes 2.3 15.4 
Sesquiterpene hydrocarbons 3.4 5.4 
Oxygenated sesquiterpenes 4.4 7.4 
Diterpenes 0.4 0.3 
Non-terpenes 1.4 1.1 

a Elution order on HP-5MS column; b Standard deviation were insignificant and excluded from the Table to avoid congestion; c Further identification by co-injection 

with known compounds; RI (Exp.) Retention indices 

 

 

Table 2. Antimicrobial activity of the essential oils from the leaves and rhizomes of Amomum glabrum 

 

 
-    Not active  

 

 

Conclusion 
 

This study concludes that α-pinene and β-pinene were the main 

constituents common to the essential oils hydrodistilled from the 

leaf and rhizome of A. glabrum. In addition, these compounds may 

be thought as the contributing factor to the observed antimicrobial 

activity of the essential oils against E. faecalis, S. aureus, B. 

cereus and C. albicans. The essential oils may be sources of 

promising antimicrobial agents.  
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GC: Gas chromatography 
GC/MS: Gas chromatography/mass spectrometry 
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Sample Gram (+) Gram (-) Yeast 

Enterococcus 
faecalis 
ATCC299212 

Staphylococcus 
aureus ATCC25923 

Bacillus 
cereus 
ATCC14579 

Escherichia 
coli 
ATCC25922 

Pseudomonas  
aeruginosa  
ATCC27853 

Salmonella 
enterica 
ATCC13076 

Candida albicans 
ATCC10231 

IC50 (µg/mL) 

Leaf 8.0 ± 0.10 16.0 ± 0.00 128.0 ± 0.50 - - - 8.0 ± 0.50 

Rhizome 64.0 ± 0.50 16.0 ± 0.11 32.0 ± 0.26 - - - 32.0 ± 0.56 

MIC (µg/mL) 

Leaf 4.23 5.67 ± 0.16 67.98 ± 0.50 - - - 1.56 ± 0.00 

Rhizome 18.67 ± 0.68 5.67 ± 0.12 9.78 ± 0.50 - - - 10.23 ± 0.50 



Chung et al. Investigational Medicinal Chemistry and Pharmacology 2020 3(2):44                                                                    Page 8 of 8 
 

References 
 
1. Chau LTM, Thang TD, Huong LT, Ogunwande IA. 2015. Constituents of essential 

oils from Amomum longiligulare. Chem Nat Comp. 51(6): 1181-1183. 
2. Dai DN, Huong LT, Thang TD, Ogunwande IA, Eresanya OI. 2018. Chemical 

constituents of essential oil from the stem of Ammomum villosum Lour. Trends 
Phytochem Res. 2(1): 61-64. 

3. Huong LT, Hung NV, Chung MV, Dai DN, Ogunwande IA. 2018. Essential oils 
constituents of the leaves of Amomum gagnepainii T.L.Wu, K.Larsen & Turland and 
Amomum repoense Pierre ex Gagnep. Nat Prod Res. 32(3): 316-321. 

4. Huong LT, Viet NT, Sam LN, Giang CN, Hung NH, Dai DN, Ogunwande IA. 2020. 
Chemical composition and larvicidal activity of essential oil from the rhizomes of 
Amomum rubidum growing in Vietnam.  J Essent Oil Bearing Plants. 23(2): 405-413. 

5. Dai DN, Huong LT, Hung NH, Chinh HV, Ogunwande IA. 2020. Antimicrobial activity 
and chemical constituents of essential oil from the leaves of Alpinia globosa and 
Alpinia tonkinensis. J Essent Oil Bearing Plants. 23(2): 323-330. 

6. Dai DN, Huong LT, Hung NH, Chinh HV, Ogunwande IA. 2020. Biological Potentials 
of Essential Oil: Antimicrobial Activity, Larvicidal Efficacy and Chemical 
Compositions of Essential Oils from Alpinia malaccensis (Zingiberaceae) from 
Vietnam. In: What to Know about Essential Oils (Kjeldsen, editor). Nova Science 
Publisher, New York, pp. 103-128, ISBN 9781536179873. 

7. Lamxay V, Newman MF. 2012. A revision of Amomum (Zingiberaceae) in 
Cambodia, Laos and Vietnam. Edinburgh J Bot. 69(2): 99-206.  

8. Hung ND, Chung NT, Sam LN. 2019. Amomum glabrum S.O. Tong (Zingiberaceae), 
a new record for the flora of Vietnam. VNU J Sci: Nat Sci Technol. 35(4): 16-21. 

9. Binh NQ, Hanh NP, Trong ND, Chung DH, Thanh NT. 2019. New record of a plant 
species in Northern Vietnam belong to Genus Alpinia Roxb., - Zingiberaceae for 
flora of Vietnam. VNU J Sci: Nat Sci Technol. 35(3): 102-107. 

10. Huong LT, Dai DN, Thang TD, Bach TT, Ogunwande IA. 2015. Volatile constituents 
of Amomum maximum Roxb and Amomum microcarpum C. F. Liang & D. Fang: two 
Zingiberaceae grown in Vietnam. Nat Prod Res 19(15): 1469-1472. 

11. Huong LT, Chau LTM, Thang TD, Ogunwande IA. 2014. Constituents of essential 
oils from the leaf of Amomum aculeatum Roxb. J Essent Oil-Bearing Plants 17(12): 
1352-1355. 

12. Dai DN, Huong LT, Thang TD, Ogunwande IA. 2016. Chemical constituents of 
essential oils of Amomum villosum Lour. Ame J Essent Oil Nat Prod 4(1): 8-11. 

13. Huong LT, Viet NT, Sam LN, Giang CN, Hung NH, Dai DN, Ogunwande IA. 2019. 
Antimicrobial activity of essential oil from the rhizomes of Amomum rubidum growing 
in Vietnam. Am J Essent Oil Nat Prod. 7(4): 11-14. 

14. Huong LT, Viet NT, Sam LY, Giang CN, Hung NH, Dai DN, Ogunwande I.A. 2020. 
Antimicrobial activity of essential oils from the leaves and stems of Amomum 
rubidum Lamxay & N. S. Lý. Bol Latinoame y del Caribe Plant Med Aromá (in 
press).  

15. Dai DN, Huong LT, Hung NH, Chinh HV, Ogunwande IA. 2020. Antimicrobial activity 
and chemical constituents of essential oil from the leaves of Alpinia globosa and 
Alpinia tonkinensis. J Essent Oil Bearing Plants. 23(2): 323-330. 

16. Huong LT, Thuong NTH, Chac LD, Dai DN, Ogunwande IA. 2020. Antimicrobial 
activity and chemical constituents of essential oils from the leaf and wood of Taxus 
chinensis (Rehder & E.H. Wilson) Rehder (Taxaceae) from Vietnam. J Biol Active Prod 
Nat.  10(1): 8-17.A 

17. Vietnamese Pharmacopoeia. 2009. Medical Publishing House, Hanoi, Vietnam. 
18. Adams RP. 2007. Identification of Essential Oil Components by Gas 

Chromatography/Mass Spectrometry. 4th ed.; Allured Publishing: Carol Stream, 
Illinois, USA. 

19. Mondello L. 2016. FFNSC 3; Shimadzu Scientific Instruments: Columbia, Maryland, 
USA. 

20.  NIST. 2017. National Institute of Standards and Technology: Gaithersburg, 
Maryland, USA. 

21. Dai DN, Chung NT, Huong LT, Hung NH, Chau DTM, Yen NT, Setzer WN. 2020. 
Chemical compositions, mosquito larvicidal and antimicrobial activities of essential 
oils from five species of Cinnamomum growing wild in north central Vietnam. 
Molecules. 25: 1303. 

22. World Health Organization. 2008. WHO Model Formulary. In: Stuart KC, Kouimtzi M, 
Hill SR. editors. World Health Organization, Geneva. P.136-144. 

23. Duncan DS, Mata J. 2017. Effects of cycloheximide on the interpretation of 
ribosome profiling experiments in Schizosaccharomycetes pombe. Sci Rep. 7: 
10331. 

24. Xin L, Chen Z, Yan ZM, Hua H. 2016. Efficacy of nystation for the treatment of oral 
candidiasis: a system review and meta-analysis. Drug Des Dev Ther. 10(12): 1161-
1171.  

25. Yang Y, Yue Y, Runwei Y, Guolin Z. 2010. Cytotoxic, apoptotic and antioxidant 
activity of the essential oil of Amomum tsao-ko. Biores Technol. 101: 4205-4211.   

26. Li W, Peng JW, Masami S, Zhan GL. 2011. Chemical composition and antimicrobial 
activity of essential oil from Amomum Tsao-ko cultivated in Yunnan area. Adv Mat 
Res. 183-185(11):910-914.  

27. Satyal P, Dosoky NS, Kincer BL, Setzer WN. 2012. Chemical compositions and 
biological activities of Amomum subulatum essential oils from Nepal. Nat Prod 
Commun. 7(9):1233-1236.  

28. Sharifi-Rad M, Elena MV, Bahare S, Sharifi-Rad J, Karl RM, Seyed AA, Farzad K, 
Salam AI, Dima M, Zainul AZ, Sharifi-Rad M, Zubaida Y, Marcello I, Adriana B, 
Daniela R. 2017. Plants of the genus Zingiber as source of antimicrobial agents: 
from tradition to pharmacy. Molecules. 22(12): 2145-2162.  

29. El-Abed N, Guesmi F, Mejri M, Marzouki MN, Ben Hadj S. 2014. Phytochemical 

screening and assessment of antioxidant, antibacterial and cytotoxicity activities of 

five Tunisian medicinal plants. Int J Pharm Res Biosci. 3(4): 770-789. 

30. Musicha P, Cornick JE, Bar-Zeev, French N, Maseas C, Denis B, Kennedy N, 

Mallewa J, Gordon MA, Msefula CL, Heyderman RS, Everett BD, Feasey NA. 

Trends in antimicrobial resistance in bloodstream infection isolates at a large urban 

hospital in Malawi (1998–2016): a surveillance study. The Lancet Infect Dis. 17(10): 

1042-1052. 

31. World Health Organization. 2014. Antimicrobial resistance: global report on 

surveillance. Geneva: World Health Organization. 2014. 

http://www.who.int/drugresistance/surveillance/en 

32. Ismail MH, El-Bessoumy A, Al-Bataineh E, Joseph MRP, Prasanna R, 

Chandramoorthy HC, Hadj Ahmed SM. 2019. Antimicrobial efficiency of essential 

oils from traditional medicinal plants of Asir Region, Saudi Arabia, over drug 

resistant isolates. BioMed Res Int. 2019; Article ID 8928306, 9 pages,  

https://doi.org/10.1155/2019/8928306. 

33. Supriya A, Wakode S. 2010. Antimicrobial activity of essential oil and various 
extracts of fruits of greater Cardamom. Indian J Pharm Sci. 72(12): 657-659. 

34. Noumi E, Mejdi S, Mousa MA, Punchappady-Devasya R, Kanekar S, Lucia C, Laura 
DM, Souza LF, Msaada K, Mancini E, Flamini G, Alsieni A, De Feo V. 2018. 
Chemical and biological evaluation of essential oils from Cardamom species. 
Molecules 23: 2818-2823. 

35. Pulbutr P, Caichompoo W, Lertsatitthanakorn P, Phadungkit M, Rattanakiat S. 2012. 
Antibacterial activity, antimutagenic activity and cytotoxic effect of an essential oil 
obtained from Amomum uliginosum K.D. Koenig. J Biol Sci. 12(6):355-360.  

36. Guo N, Yu-Ping Z, Qi C, Qing-Yan G, Jiao J, Wei W, Xu YG, Fu YJ. 2017. The 
preservative potential of Amomum tsaoko essential oil against E. coil, its 
antibacterial property and mode of action. Food Cont. 75(4):236-245.  

37. Diao WR, Zhang LL, Feng SS, Xu JG. 2014. Chemical composition, antibacterial 
activity, and mechanism of action of the essential oil from Amomum kravanh. J Food 
Prot. 77(10):1740-1746.  

38. Leite AM, Lima EO, Souza EL, Diniz M, Trajano VN, Medeiros IA. 2007. Inhibitory 
effect of α-pinene, β-pinene and eugenol on the growth of potential infectious 
endocartidis causing gram-positive bacteria, Braz J Pharm. 43(3): 121-126. 

39. Şener N, Özkinali S, Mahmut G, Kerim G, Özkan OE, Moustafa MK. 2017. 
Determination of antimicrobial activity and chemical composition of pimento & ginger 
essential oil. Indian J Pharm Edu Res. 51(3): S230-S232. 

40. Lu H, Xu C, Zhang X, Liang Y, Liu X. 2016. Antibacterial effect of limonene on food-
borne pathogens. J Zhejiang Univ (Agric Life Sci). 42(3): 306-312.  

41. Dahham SS, Tabana YM, Iqbal MA, Ahamed MBK, Ezzat MO, Majid ASA, Maid 
AMSA. 2015. The anticancer, antioxidant and antimicrobial properties of the 
sesquiterpene β-caryophyllene from the essential oil of Aquilaria crassna. 
Molecules. 20(7): 11808-11829. 

 

 
 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Agnihotri%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21695005
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wakode%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21695005
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3116318/
https://www.mdpi.com/search?authors=Emira%20Noumi&orcid=0000-0002-2309-2601
https://www.mdpi.com/search?authors=Mejdi%20Snoussi&orcid=0000-0002-2309-2601
https://www.mdpi.com/search?authors=Mousa%20%20M.%20Alreshidi&orcid=
https://www.mdpi.com/search?authors=Punchappady-Devasya%20Rekha&orcid=
https://www.mdpi.com/search?authors=Kanekar%20Saptami&orcid=0000-0002-1508-5305
https://www.mdpi.com/search?authors=Lucia%20Caputo&orcid=
https://www.mdpi.com/search?authors=Laura%20De%20Martino&orcid=0000-0002-9948-0862
https://www.mdpi.com/search?authors=Laura%20De%20Martino&orcid=0000-0002-9948-0862

