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Abstract

Background: Burkholderia pseudomallei is a causative agent of melioidosis, a fatal infectious disease highly prevalent
in the tropics where traditional medicinal plants are widely used for the treatment of various human ailments. In this
study, we aimed to evaluate the in vitro antibacterial activity of common eligible herbs and medicinal plants against 8.
pseudomallei. Thermal and gastric stability, antibacterial spectrum, bactericidal activity, and cell cytotoxicity were also
tested to verify the possible usage of these plants in the treatment of melioidosis.

Results: Eighteen eligible herbs and twenty-one medicinal plants were collected. Herb juices and aqueous plant
samples extracted at different temperatures were prepared for antibacterial testing. A higher proportion of aque-
ous plant extracts (17/21; 80.9%) against B. pseudomallei was observed, in comparison with that of herb juices (8/18;
44.5%). Two herb juices and twelve aqueous plant extracts were selected for further tests. The juices of A. sativum and
A. tuberosum decreased their antimicrobial activity when treated at higher temperatures whereas the aqueous plant
extracts increased their antimicrobial activity when prepared at 70 and 100 °C. The herb juices showed a broader
spectrum of antimicrobial activity than the aqueous plant extracts. All samples showed less cytotoxicity on the HT29,
HepG2, and HEK293 cell lines. At the 2x minimal inhibitory concentration (MIC), aqueous extracts of Blechnum
orientale, Breynia fruticose, Psidium guajava, Rhodomyrtus tomentosa, Rosa odorata, and Schima wallichii showed similar
bactericidal activity to that of amoxicillin clavulanic acid. The antimicrobial activity of Mangifera indica, Punica grana-
tum, and R. tomentosa remained under the stimulated gastric conditions.

Conclusion: Our data indicate that traditional medicinal plants prepared by decoction could be effectively used to
treat melioidosis via the oral route. Further in vivo investigations are needed to explore other alternative therapies for
the prevention and treatment of tested pathogenic bacterial species.

Keywords: Traditional medicinal plants, Eligible herbs, melioidosis, Burkholderia pseudomallei, Enteric pathogens,
Antimicrobial activity, Thermal stability, And gastric stability
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animal species [1]. The bacterium occupies ubiquitously
in the paddy soil and surface water environments in the
tropics and sub-tropics, including but not limited to
Southeast Asia and northern Australia [2]. Melioidosis
can manifest a diverse clinical presentation, ranging from
chronic skin lesions, multiple internal organ abscesses,
gastrointestinal and genitourinary tract infections, to
acute pneumonia and septicaemia, with a mortality rate
up to 50% in certain endemic areas [1, 3]. A recent mod-
eling study on the global burden of melioidosis estimated
that there are about 165,000 cases infected with B. pseu-
domallei per year worldwide, of which 89,000 deaths
occur [2]. These estimations imply a significant health
risk of melioidosis at global level, in comparison with
other common infectious diseases such as leptospirosis,
measles, and dengue [2].

Human infections with the bacterium may be acquired
via three main routes of (i) inoculation through minor
cuts or skin abrasions when directly exposed to con-
taminated soils or water, (ii) inhalation of the bacterial
aerosols generated by extreme weather events, and (iii)
ingestion of uncooked foods and/or untreated drinking
water [4, 5]. All of the infection routes are more likely to
affect a large group of people living in rural areas of the
tropics because of their daily working activities on the
agricultural fields, the possible use of inadequate water
suppliers such as untreated bore and well water [5, 6],
and the impact of poor sanitation and hygiene stand-
ards. Recently, B. pseudomallei has been recognized as
an enteric pathogen and some virulent factors required
for gastrointestinal infections were determined [7]. In the
chronic mouse model of infection via oral or intragastric
routes, the bacterium can persistently colonize the stom-
ach, small intestine, and colon and subsequently spread
to the liver and spleen [7, 8]. In human melioidosis, a
number of cases related to gastrointestinal infections are
gradually reported [9] and the clinical manifestations on
the hospital admission are associated with fever, abdomi-
nal pain, and abscess formation in multiple internal
organs [10].

B. pseudomallei is intrinsically resistant to many
commercially available antibiotic groups and the treat-
ment of melioidosis requires a specific prolonged
course of antibiotic therapy [1]. Up to now, report on
antibacterial activity of natural compounds originated
from herbs or medicinal plants against B. pseudomal-
lei is still limited. Preliminary findings in India and
Thailand showed that methanolic extracts of some
indigenous traditional medicinal plants such as Bar-
ringtonia acutangula (L.), Cassia fistula Linn, Lim-
nophila geoffrayi Bonati, Luffa acutangula (Linn.), and
Tamarindus indica Linn could inhibit the growth of
B. pseudomallei when tested under in vitro conditions
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[11-13]. In Vietnam, methanol extracts from medici-
nal plants of Cratoxylum formosum subsp. pruniflorum
(Kurz), Euphorbia hirta, Pedilanthus tithymaloides,
Pluchea indica, and Pogostemon cablinin have been
shown broad spectrum antibacterial activity against
both Gram-positive and Gram-negative bacteria tested,
including Bacillus cereus, Bacillus subtilis, Staphylococ-
cus aureus, Escherichia coli, and Pseudomonas aerugi-
nosa [14].

From very ancient times, medicinal plants have been
used to treat various human diseases, including infec-
tious diseases caused by pathogenic bacteria, fungi,
and viruses [15]. Because of the availability, inexpen-
siveness, and safety, traditional medicinal plants are
still effectively used for primary health care in many
rural areas of the developing countries [16], including
Southeast Asia countries where melioidosis is highly
endemic but misdiagnosis is not uncommon [2]. In the
traditional medicine of tropical countries with diverse
botanical heritage such as China, India, Australia, Mex-
ico, and South Africa, medicinal plants have commonly
utilized to treat skin infections, sore throat, chest pain,
stomach ache, abdominal pain, diarrhea, and genitouri-
nary disorders caused by infectious agents [12, 17-20].
Researchers have also focused on the potential usages
of the traditional medicinal plants for the treatment of
some important infectious diseases such as tubercu-
losis, salmonellosis, or other food poisoning diseases
[21-23]. In the customary practice, indigenous peo-
ple use either fresh or dry plant materials to make the
medicinal preparations. For the oral route of adminis-
tration, fresh plants can be directly cooked with foods
or ground and squeezed to get the juices for drinking.
The preparations of dry plant materials can be pro-
cessed with drinking water at different temperatures
which are referred to as cool infusion, hot infusion, and
decoction [20].

Despite the requirements of either a heat treatment
step or an aqueous extraction at different temperatures
during the preparation of traditional medicinal plants,
the study on the thermal stability of the antibacterial
activity is limited. Moreover, stability of the antibacte-
rial activity after exposure to gastric conditions should
be taken into account for the medicinal plant prepara-
tions administered via the oral route. In this study, we
aimed to investigate the in vitro antibacterial activity of
some common Vietnamese eligible herbs and traditional
medicinal plants against B. pseudomallei. The stability of
the antibacterial activity was assessed after treatment at
different temperatures and after exposure to stimulated
gastric conditions. The antibacterial spectrum, bacteri-
cidal activity, and cell cytotoxicity of the samples were
also investigated.
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Methods

Sample collection and processing

During the autumn of 2019, 18 eligible herbs and 21
medicinal plant samples were collected to test for the
in vitro antimicrobial activity against B. pseudomallei.
The samples were selected based on the encyclopedia
of the Vietnamese traditional medicinal plants [24, 25],
the customary usages suggested by local traditional
healers, and the popular distribution of the medicinal
plants. Certain parts of the herbs and plants were col-
lected, including leaf, flower, fruit, bulb, or the whole of
the plant. The eligible herbs daily consumed as a spice
of foods and meals were purchased from supermarkets.
The traditional medicinal plants were gathered from
household gardens or forest conservation zones in sub-
urban areas of Hanoi, a capital located in the north of
Vietnam. These samples were transferred to the labo-
ratory within a day, washed several times with distilled
water, and blotted with clean paper towels to eradicate
the residue of distilled water. The plant identification
was based on morphological characteristics. Scien-
tific names of the herb and plants were listed using the
Angiosperm Phylogeny Group IV system for flowering
plants [26] or cladistic analysis of Kenrick and Crane
[27] for vascular plants. The plant samples were depos-
ited at the Department of Bio-geography, Institute of
Geography, Vietnam Academy of Science and Technol-
ogy, Hanoi.

For the eligible herbs, fresh materials were grounded
homogeneously using a portable electric blender. The
homogenized samples were squeezed using a double-
layer cloth bag. The obtained juices were treated at dif-
ferent temperatures of 25, 70, and 100 °C for an hour.
The juices were then centrifuged at 3500 g for 10 min.
The obtained supernatants were filtrated through 0.22-
pm pore size membrane filters before further in vitro
tests as described below. A part of filtrates was dry at
70 °C until constant weight that served for concentra-
tion calculation.

In order to compare the antimicrobial activity
between the fresh herb juices and dry plant extracts,
the collected medicinal plants were processed as fol-
lows: the fresh plant materials were dried in a dehu-
midifying chamber at room temperature until constant
weight. The dried plant samples were pulverized into
fine powders. An equal amount of distilled water that
evaporated during the dehumidification was added to
the fine powders and the plant pastes were treated at
different temperatures of 25, 70, and 100 °C for an hour.
After squeezing through a double-layer cloth bag, the
aqueous extracts were then centrifuged at 3500 g for
10 min and filtrated as described above.
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Bacterial strains and culture conditions

Six B. pseudomallei strains designated as VITCC 70001,
VTCC 70018, VTCC 70027, VICC 70156, VITCC 70157,
and VICC 70158 were used in this study. The strain
selection was based on the bacterial sequence type (ST)
commonly found in the collection of Vietnamese B.
pseudomallei strains published in the public databases
for molecular typing and microbial genome diversity
(https://pubmlst.org/bpseudomallei/) [28]. These strains
were isolated from both clinical and environmental sam-
ples during the nationwide melioidosis surveillance in the
last several years [29]. Additionally, seven other enteric
or foodborne bacteria, including Staphylococcus aureus
VTCC 70159, Listeria monocytogenes VICC 70147,
Escherichia coli VTCC 70160, Salmonella enterica VTCC
70080, Aeromonas dhakensis VICC 70106, Vibrio vul-
nificus VICC 70092, and Campylobacter jejuni VICC
70176, were selected for testing of the antimicrobial spec-
trum. These strains were routinely isolated from clinical
specimens and the bacterial species were identified using
biochemical characteristics and the 16S rDNA sequence
analysis. Information of all tested bacterial strains is pro-
vided in Table 1.

From frozen stocks, the bacterial strains were streaked
on Columbia agar supplemented with 5% sheep blood.
After overnight incubation at 37 °C, individual colonies
of the fresh cultures were suspended in 0.9% sterile saline
solution to a 0.5 McFarland standard. The resulting bac-
terial cell suspensions were further used for antibacterial
assays as described below. All of the testing bacterial spe-
cies were incubated aerobically, except C. jejuni which
was incubated at the microaerobic condition of 10% CO,,
5% O,, and 85% N, using an anaerobic chamber (Bactrox
Hypoxia chamber, Shel Lab, USA). All of the working
steps with the viable bacteria were performed in a class
II biological safety cabinet in the restricted area. The haz-
ardous biological agents and materials were completely
autoclaved and managed following the safety regulations
of the institute.

Antibacterial activity assays

Antibacterial activity of the herb juices and aqueous plant
extracts was determined by broth microdilution method,
following the guideline of the Clinical and Laboratory
Standards Institute [30]. The method was performed in
the sterile 96-well plates. Briefly, 50 ul of each herb juice
or aqueous plant extract was added into wells at the first
plate column while 25 ul of sterile distilled water was
added into the other wells. A serial twofold dilution of
the samples was carried out by multi-channel pipetting.
Then, an equal amount (25 pl) of double-strength cation-
adjusted Mueller Hinton broth (Becton, Dickinson and
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Table 1 List of bacterial strains used

No Bacterial species Collection code (other code) Sequence Methods for identification Source Patient

typing age/
(sT) gender

1 B. pseudomallei VTCC 70158 (SSG1.3) ST 541 TTSS1 realtime PCR and recA Environmental/water
sequence

2 B. pseudomallei VTCC 70018 (HTO1) ST 41 TTSS1 realtime PCR and recA Clinical specimens/urine 58/M
sequence

3 B pseudomallei VTCC 70157 (NA23) ST 46 TTSS1 realtime PCR and recA Clinical specimens/blood ~ 49/M
sequence

4 B pseudomallei VTCC 70156 (NA12) ST 169 TTSS1 realtime PCR and recA Clinical specimens/blood ~ 60/M
sequence

5  B.pseudomallei VTCC 70027 (NAOT) ST 211 TTSS1 realtime PCR and recA Clinical specimens/blood ~ 50/M
sequence

6 B. pseudomallei VTCC 70001 (BGO3) ST 542 TTSS1 realtime PCR and recA Clinical specimens/blood 35/M
sequence

7 Staphylococcus aureus  VTCC 70159 (2421D) ST 239 16S rDNA sequence Clinical specimens/sputum

8  Listeria monocytogenes VTCC 70147 (QD19.2) 16S rDNA sequence Clinical specimens/blood

9 Escherichia coli VTCC 70160 (2361G) 16S rDNA sequence Clinical specimens/urine

10 Salmonella enterica VTCC 70080 (HT58) 16S rDNA sequence Clinical specimens/blood

11 Vibrio vulnificus VTCC 70092 (HPQ7) 16S rDNA sequence Clinical specimens/blood 84/M

12 Aeromonas dhakensis ~ VTCC 70106 (AN10) 16S rDNA sequence Clinical specimens/blood

13 Campylobacter jejuni ~ VTCC 70176 (K1) 165 rDNA sequence Clinical specimens/blood ~ 54/M

Company, USA) was added into the wells. To inoculate
the bacterium, 100 pl of the 0.5 McFarland bacterial cell
suspension was diluted into 4.9 ml of cation-adjusted
Mueller Hinton broth. An equal amount (50 pl) of this
bacterial seed was added into all wells, except for the neg-
ative control wells. After incubation of the plates at 37 °C
for 24 h, minimal inhibitory concentration (MIC) of the
herb juices or aqueous plant extracts was determined
by the lowest dilution that prevented the growth of the
tested bacterium. Minimum bactericidal concentration
(MBC) was defined as the minimum dilution of the juices
and extracts that no bacterial colonies observed when
plating out on Mueller Hinton agar. Meropenem (Sigma
Aldrich, USA) and sterile distilled water were used as
positive and negative controls in all experiments, respec-
tively. The experiments were repeated at least twice in
duplicate.

Antibacterial activity under stimulated gastric conditions

The stability of the antibacterial activity against B. pseu-
domallei was tested under the simulated gastrointestinal
conditions at 37 °C on a rotary shaker, following the USP
41-National Formulary 36 [31]. Briefly, the herb juices
or aqueous plant extracts were treated for two hours in
a mixture of 35 mM NaCl and 3.2 mg/ml pepsin (Sigma
Aldrich, USA) adjusted to pH 2.0 by 0.1 N HCIL The
herb juices or aqueous plant extracts were subsequently
exposed for four hours to the mimicking digestive intes-
tine mixture of 50 mM KH,PO, and 10 mg/ml pancreatin

(Sigma Aldrich, USA) adjusted to pH 7.0 by 1 N NaOH.
Before the antimicrobial activity testing, the treated herb
juices or aqueous plant extracts were heated at 99 °C for
10 min in order to inactivate the digestive enzymes. The
stability of the antibacterial activity against B. pseudomal-
lei was evaluated by the determination of both MIC and
MBC values as described above.

Time-kill kinetics assay

The herb juices or aqueous plant extracts diluted at the
MIC, 2x MIC, and 4x MIC values were added with an
equal amount of double strength cation-adjusted Muel-
ler Hinton broth. Then, an equal amount of the bacterial
seed prepared in cation-adjusted Mueller Hinton broth
was added into the test samples. After incubation at 37 °C
for 0, 2, 4, 6, and 8 h, the viable bacterial cells, expressed
as colony forming unit (CFU) per ml at each dilution,
were determined by the plate counting method. Doxy-
cycline and amoxicillin clavulanic acid (2:1) purchased
from Sigma Aldrich (USA) were used as positive controls
for bacteriostatic and bactericidal activities, respectively
[32]. All experiments were performed in duplicate at
each dilution.

Cytotoxicity assay

The cytotoxicity of herb juices or aqueous plant extracts
was evaluated on three human cell lines of the colon
adenocarcinoma HT29, the hepatocellular carcinoma
HepG2, and the embryonic kidney HEK293, using the
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MTT assay. The cell lines were cultured at 37 °C in a
humidified atmosphere with 5% CO,. The high glucose
(4.5 g/1) Dulbecco’s Modified Eagle’s Medium (DMEM;
PAN Biotech, Germany) was used for HEK293 cell, and
low glucose (1.5 g/l) DMEM was used for HT29 and
HepG2 cells. The culture media were supplemented
with 10% fetal bovine serum (FBS) and 1% of penicil-
lin-streptomycin (10,000 U/ml; Gibco, USA). For the
MTT assay, 175 pl of cell suspensions were seeded into
flat-bottomed 96-well plates at an approximate den-
sity of 2 x 10* cells/well. After 24 h of incubation, 25 ul
of the diluted herb juices or aqueous plant extracts were
added into each well. The cells were further incubated
for 24 h. After removing the culture medium, the wells
were added with 50 pl of 3-(4,5-Dimethyl-2-thiazolyl)-
2,5-diphenyl-2H tetrazolium bromide (MTT; Biobasic,
Canada) solution (2 mg/ml) and 50 ul of the fresh serum-
free medium. After another incubation for 3 h, the dye
solutions were discarded and the wells were added with
100 pl of DMSO. The plates were then incubated in dark
for 15 min at room temperature. After gently shaking, the
optical density of the wells was read at 490 nm using a
microplate reader (800TS BioTek, USA). Appropriate cul-
ture medium and DMSO (Sigma-Aldrich, France) were
used for negative and positive controls, respectively. All
experiments were performed in duplicate. The cytotoxic
effect was determined by the inhibitory concentration
(IC5,) which reduced the cell viability to 50% of the nega-
tive control.

Results

Antibacterial activity of herb juices and its thermal stability
Of 18 herb juices tested, 8 (44.5%) samples showed the
antibacterial activity against B. pseudomallei VTCC
70157. Only six herb juices showed the bactericidal activ-
ity (Table 2 and Additional file 1: Table S1). The herb juice
of Allium tuberosum showed the strongest antibacterial
activity, with the MIC value at 0.09 mg/ml. The other
juices showed a low antibacterial activity, with the MIC
range from 1.05 to 4.69 mg/ml. The antibacterial activity
of Allium sativum and Curcuma longa was completely
lost when treated above 70 °C. The antibacterial activ-
ity of A. tuberosum and Allium fistulosum still remained
at 70 °C but the MIC values increased greatly from 0.09
to 0.70 mg/ml and 1.83 to 3.24 mg/ml when treated at
the boiling temperature of 100 °C, respectively. A slight
heat-unstable property was also observed in the juice of
Tamarindus indica. Surprisingly, juices of Limmnophila
aromatica and Paederia lanuginosa only exhibited the
antimicrobial activity when treated at high tempera-
tures. The increase of the antimicrobial activity was also
observed in the juice of Perilla frutescens, with the MIC
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decreasing from 2.27 to 1.10 mg/ml (Additional file 1:
Table S1).

Antibacterial activity of aqueous medicinal plant extracts
prepared at different temperatures

Of 21 aqueous extracts, 17 (80.9%) dry medicinal plants
showed the antibacterial activity against B. pseudomallei
VTCC 70157. Except for Plumeria rubra, the dry plant
materials increased strongly their inhibitory and bac-
tericidal activities when the aqueous extractions were
performed at high temperatures, especially at the boil-
ing temperature of 100 °C (Table 2 and Additional file 1:
Table S1). At the boiling temperature preparation, 12
aqueous extracts showed the antibacterial activity with
the MIC range from 0.21 to 1.40 mg/ml (Table 2). They
included the dry leaves of Blechnum orientale, Breynia
fruticose, Euphorbia hirta, Euphorbia thymifolia, Excoe-
caria cochinchinensis, Mangifera indica, Phyllanthus
amarus, Psidium guajava, Punica granatum, Rhodomyr-
tus tomentosa, Rosa odorata, and Schima wallichii. The
dry leaves of the other five plant species showed less
antibacterial activity, with the MIC range from 1.89 to
13.22 mg/ml (Additional file 1: Table S1).

Stability of antibacterial activity under gastric conditions
Herb juice and aqueous plant extracts with the MIC
value below 1.15 mg/ml were selected for further tests
(Table 2). Additionally, a common spice of A. sativum
(garlic) used in daily meals was also selected. Under gas-
tric conditions of low pH and hydrolytic properties of
pepsin and pancreatin, antimicrobial activity of the non-
heat treated A. tuberosum juice was decreased from the
MIC value of 0.09 to 0.18 mg/ml, but the MBC value
still remained. Antimicrobial activity and bactericidal
activity of A. sativum juice were also decreased from the
MIC value of 3.15 to 12.60 mg/ml and the MBC value
of 12.60 to 100.80 mg/ml, respectively (Table 2). At the
same treated conditions, aqueous plant extracts of M.
indica, P. granatum and R. tomentosa, prepared at 100 °C,
still remained the antimicrobial activity against B. pseu-
domallei. Other plant extracts showed an increase in the
MIC values twice, except for B. orientale. The MBC val-
ues of these extracts also increased in a range from two to
four times, except for S. wallichii.

Spectrum of antibacterial activity

Two herb juices and twelve aqueous plant extracts were
further tested for the antibacterial spectrum. All sam-
ples showed a relative antibacterial activity against the
other five B. pseudomallei strains, in comparison with
that of the VTCC 70157 strain (Table 3). The herb juices
of A. tuberosum and A. sativum were active against all
of the six enteric bacterial species, whereas the aqueous
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plant extracts showed less antimicrobial activity against
L. monocytogenes, E. coli, and S. enterica. C. jejuni was
hypersensitive to the juices and aqueous plant extracts.
The lowest MIC and MBC values were 0.38 and 0.76 pg/
ml (>0.01 mg/ml) when tested with the A. sativum juice,
respectively.

Bactericidal activity

Using time-kill kinetics assay, none of the juices and
aqueous plant extracts showed the bactericidal activ-
ity against B. pseudomallei at their 1x MIC values over
eight hours of exposure (Fig. 1). At the 2x MIC values,
viable cell count of B. pseudomallei did not detect after
four, four, six, and eight hours of exposure to the aque-
ous extracts of B. fruticose, R. tomentosa, R. odorata, and
S. wallichii, respectively. A slight reduction of the cells
was observed in the juice of A. sativum and the aqueous
extracts of B. orientale and P. amarus. At the 4x MIC
values, A. sativum juice and B. orientale, P. amarus, E.
thymifolia, P. guajava, and P. granatum aqueous extracts
showed the bactericidal activity. Amoxicillin clavulanic
acid started showing the bactericidal activity at its MIC
value after six hours of contact with the bacterium. At
its 2x MIC and 4x MIC, B. pseudomallei was com-
pletely killed after four hours. No bactericidal activity
was observed at doxycycline’s 1x MIC, 2x MIC, and 4-x
MIC.

Cytotoxicity

The juice of A. sativum had the highest cytotoxicity on
all human cancer and normal cell lines and its ICg, values
were below the MIC value (Table 2). A. tuberosum juice
and B. orientale aqueous extract also presented the IC,
value below the MIC values when tested on the HT29
and HepG2 cell lines, respectively. The other aqueous
extracts had less cytotoxicity, with the ICy, values above
the MIC values on all of the cell lines tested.

Discussion

Traditional medicinal plants are widely used for treat-
ing various human diseases, including foodborne ill-
nesses or gastrointestinal infections in suburban areas of
the tropics. Investigations on the antibacterial activity of
traditional medicinal plants normally use different polar
organic solvents to extract the bioactive compounds.
The obtained crude extracts are subsequently fraction-
ated to purify the compounds prior to determination
of their bioactive properties such as the MIC and MBC
values or elucidation of their chemical structure [15]. In
contrast, traditional fresh medicinal plants administered
via oral route are commonly prepared with cooked foods
or the dry medicinal preparations are made by cool infu-
sion, hot infusion, and decoction [20, 24]. These crude
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extractions require drinking water instead of organic sol-
vents and an additional heat treatment step. Therefore,
the efficiency of the extraction method and the stability
of the antibacterial activity during the heat treatment or
under gastric conditions should be taken into account
for the customary practices of the medicinal plants. In
a collection of the fresh eligible herbs and dry medicinal
plants commonly found in northern Vietnam, we found
a higher proportion of the dry medicinal plants (17/21;
80.9%) showing the antibacterial activity against B. pseu-
domallei, in comparison with that of herb juices (8/18;
44.5%). Of eight fresh eligible herbs showing the antibac-
terial activity, only one (12.5%) A. tuberosum juice had
the MIC value of 0.09 mg/ml. The other seven (87.5%)
juices had the MIC values above 1 mg/ml (range from
1.05 to 4.69 mg/ml). In contrast, seven (41.1%) out of sev-
enteen dry medicinal plants had the MIC values above
1 mg/ml when their aqueous extracts were prepared at
the boiling temperature (Table 2). The data indicate that
the aqueous extracts from dry plant samples were more
likely to have strong antibacterial activity than the juices
from the fresh eligible herbs.

Previous studies showed that some plant crude extracts
remained their antimicrobial activity at 100 °C or even
121 °C, but some others lost their activity after treating
just with 60 °C [33, 34]. In our collected herb and plant
species, the antibacterial activity of the dry medicinal
plants increased remarkably when the aqueous extrac-
tions were performed at the boiling temperature. This
indicates that the antibacterial compounds of the tested
samples are thermal stability and the preparation of these
medicinal plants by decoction is likely to be an effective
method used for treating bacterial infections in the tradi-
tional medicine. The increase in the antibacterial activity
was probably due to the higher efficiency of the extrac-
tion step at high temperatures [35]. It is important to
note that the fresh herb juices from three Allium species
decreased or completely lost their antibacterial activity
after the heat treatment. This heat-unstable antibacte-
rial activity might limit the usage of these Allium species
for treating bacterial infections when cooked well with
foods. The Allium species have been known to produce
flavonoids and organosulfur compounds such as alliin,
methiin, propiin, and isoalliin. Those active compounds
may possess both antimicrobial and antioxidant activi-
ties [36, 37] but only a decrease in the antioxidant activ-
ity was reported after heat treatment in frying oil [37].
Interestingly, the juices of L. aromatic, P. lanuginose,
and P frutescens increased their antimicrobial activity
when treated at the boiling temperature. The increase in
their antibacterial activity remains unknown but it pro-
vides evidence that these herbs, prepared traditionally by
cooking or boiling, can be effectively useful for treating
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enteric bacterial infections. In fact, the indigenous peo-
ple commonly use the sliced leaves of P. lanuginosa and
P. frutescens to cook with chicken eggs and rice soup to
treat diarrhea or other digestive disorders, respectively.
The dry aerial part of L. aromatic prepared by decoction
is used orally to treat various human diseases, including
infectious diseases [25].

Traditional medicinal plants have been known to pos-
sess a wide variety of secondary metabolites (phytocom-
ponents) which display antimicrobial activity against
various microbial pathogens. These bioactive compounds
are chemically grouped into classes of flavonoids, phe-
nolic acids, quinones, tannins, alkaloids, glycosides,
saponins, lectins, steroids, and polypeptides [15]. Due
to the presence of hydrolytic enzymes in the human

digestive tract and the low pH in the stomach, chemical
alteration or degradation of these compounds may occur
after exposure to stimulated gastric conditions, resulting
in a decrease in their bioactivity [38]. Of 14 herb juices
and aqueous plant extracts selected, we found that the
antimicrobial activity against B. pseudomallei of three
aqueous plant extracts of M. indica, P. granatum, and
R. tomentosa was constant under the stimulated gastric
conditions, which indicated the gastric stability of the
antimicrobial activity. The other samples showed a slight
reduction in the inhibitory activity. The decrease in the
antibacterial activity of A. tuberosum and A. sativum
might be due to a heating step at 99 °C for 10 min to inac-
tivate the hydrolytic enzymes in the stimulated gastric
fluid. These data may support the speculation that the
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traditional practices of the medicinal plants administered
via the oral route can treat gastrointestinal infections
caused by B. pseudomallei.

Unheated juices of A. tuberosum and A. sativum
showed a broad spectrum of antibacterial activity against
all tested pathogenic bacteria. Clear inhibition zones
were also observed when the antimicrobial activity of the
juices was carried out using agar well diffusion method
(data not shown). This was in contrast to a study by Pan-
omket et al. [13] who showed no clear zone of methanolic
or aqueous extracts of A. sativum (and T. indica) against
B. pseudomallei. However, our data are in agreement
with the previous study which showed the highest anti-
bacterial activity of A. tuberosum and A. sativum essen-
tial oils against five common foodborne pathogens [37].
In contrast to the Allium species, most of the aqueous
plant extracts showed less antibacterial activity against E.
coli and S. enterica (Table 3) although both bacterial spe-
cies are Gram-negative bacteria. Even in Gram-positive
bacteria, the aqueous samples were more active against
S. aureus than L. monocytogens. This might reflect modes
of action or killing mechanisms of plant antimicrobials
on different targets other than on cell wall components
[39]. Except for E. coli and S. enterica, the aqueous plant
extracts showed stronger antibacterial activity against
other Gram-negative bacteria. This is in contrast to a pre-
vious study that showed higher antibacterial activity of
methanolic plant extracts against Gram-negative bacteria
[14]. Our disagreement may be due to the difference in
the extraction method, which used distilled water instead
of methanol solvent.

A. sativum (garlic) is a food ingredient that is daily
consumed in every meal. In some circumstances, indig-
enous adults can eat garlic directly to treat sore throat,
pharyngitis, and other digestive disorders. In the cyto-
toxicity test, all of the tested samples showed less toxic-
ity on three cell lines than the garlic juice. In the review
by Zhao et al. [40], R. tomentosa is considered as weak
cytotoxicity and its IC;, value of the ethanol extract was
15-fold higher than the MIC,, value. In the acute toxicity
test, a previous study showed that the aqueous extracts
of P guajava and P. amarus leaves did not induce any
mortality or any histological renal and fetal disorders
of the treated rats [21]. Using the brine shrimp lethality
test, Gyawali et al. [41] showed that the crude methanolic
extract of the S. wallichii bark was mildly toxic and it was
suggested to use for human consumption for drug pur-
poses. Together with our cytotoxicity test, the data con-
firm the safety of the selected aqueous plant extracts in
the traditional medicine.

Trimethoprim sulfamethoxazole, doxycycline, and
amoxicillin clavulanic acid are oral antibiotics currently
recommended for the treatment of melioidosis in the
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eradication phase [1]. Because the MIC of trimethoprim
sulfamethoxazole against B. pseudomallei is difficult to
determine by broth dilution method [32], thus the other
two antibiotics were selected as positive controls in the
time-kill kinetics assay. At the 2x MIC value, amoxicil-
lin clavulanic acid completely killed B. pseudomallei after
four hours of exposure. The same bactericidal activity
was found in the aqueous plant extracts of B. fruticose
and R. tomentosa (Fig. 1). At the 4x MIC, the aqueous
plant extracts of B. orientale, P. guajava, R. ordorata, and
S. wallichii also showed the same bactericidal activity as
that of amoxicillin clavulanic acid. R. tomentosa showed
the highest bactericidal activity, with a complete killing of
B. pseudomallei within two hours of exposure. The data
indicate that the bactericidal activity of some aqueous
plant extracts is relatively comparable to that of commer-
cial synthetic antibiotics. This provides more evidence on
the possible usage of traditional medicinal plants in the
treatment of melioidosis.

All of the selected medicinal plants showed the anti-
bacterial activity against B. pseudomallei are commonly
found in northern Vietnam, a tropical region where
melioidosis is highly endemic [29]. Some plants have
been extensively investigated and comprehensively
reviewed with many aspects, including the distribution,
traditional usage, phytochemical composition, phar-
macology, and potential industrial applications in the
treatment of human diseases. M. indica, P. granatum,
and P. guajava are fruit trees that are cultivated popu-
larly in many countries in the tropical and subtropical
climates. In traditional medicine of several countries,
the leaves of the plants are mainly used orally or topi-
cally to treat diarrhea or skin and wound infections [42,
43]. R. tomentosa is a flowering plant native to South-
east Asia and a part of India and China. The plant is
used to treat diarrhea and other non-infectious dis-
eases [40]. E. hirta is popular in the tropical regions
and widely used as a decoction or infusion to treat vari-
ous infectious diseases [44]. E. thymifolia distributes
throughout India and the tropics. The plant is used for
treating various diseases, including diarrhea and uri-
nary tract infections [45]. P amarus is widely spread
throughout the tropical and subtropical countries and
commonly used in the Indian Ajurvedic system of
medicine [46]. The plant was reported on the list of tra-
ditional medicine plants using for the treatment of sal-
monellosis in Benin [21]. B. orientale is native to Asia
countries, Australia, and Pacific Islands. Proanthocya-
nidin of the fern has been reported as a potential natu-
ral source of antioxidant, antibacterial, and anti-cancer
properties [47]. E. cochinchinensis and S. wallichii are
also popular distribution in the tropics and used in the
traditional medicine. However, very little information
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related to human health effects has been reported for
these medicinal plants. Further investigations on the
chemical structures as well as biological properties of
the bioactive compounds are needed.

Conclusions

Due to the diverse clinical presentation, melioidosis can
manifest clinical signs and symptoms similar to those
caused by other enteric bacteria. The disease is highly
endemic in the tropics, which concurs with the popu-
lar usage of traditional medicinal plants by indigenous
people for treating various human diseases. Our study
demonstrated that many herbs and medicinal plants
commonly distributed in the tropics exhibited the anti-
microbial activity against B. pseudomallei and other
food-borne or enteric pathogens. Aqueous extracts of B.
fruticose, R. tomentosa, B. orientale, P. guajava, R. ordo-
rata, and S. wallichii prepared at the boiling temperature
showed a bactericidal activity. Because of heat-stable
properties, customary preparations by hot infusion or
decoction are effective methods for dry medicinal plants
but not for fresh herbs in the treatment of bacterial infec-
tions. The herb juices and aqueous plant extracts were
less toxicity and their antibacterial activity was relatively
stable under the stimulated gastric conditions. Our find-
ings provide an important clue on the potential usage of
traditional medicinal plants in the treatment of melioido-
sis. It also indicates that the current random usage of the
plants by indigenous people may contribute to the thera-
peutic agents in the treatment of the disease infected via
the oral route. Due to the popular distribution and safety
of these plants, further in vivo investigations are needed
in order to explore alternative therapies in the prevention
and treatment of the disease.
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