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dried plant materials including rhizomes, stems, leaves and fruits were extracted with
Keywords: distilled water and 95% ethanol to obtain crude extracts. The essential oil was derived
Zingiber rubens, Antibacterial, from the rhizome using steam distillation. After that, the crude extracts and essential
Plant Extract, Essential Oil oil were screened for antibacterial activity against Lactobacillus casei TISTR 390 and
Streptococcus mutans ATCC 25175 using the agar disc diffusion and broth dilution
methods. Moreover, the cytotoxicity of the plant extracts was evaluated using MTT
assay on Vero cells. The results show that all ethanolic extracts could inhibit the
tested bacteria with an inhibition zone ranging from 7.00-8.67 mm and MIC/MBC
ranging from 6.25-50 mg/ml. Additionally, the essential oil also effectively inhibited
both the bacterial strains with an inhibition zone ranging from 8.17-8.83 mm
and MIC/MBC of 250 mg/ml. For in vitro cytotoxic properties, all plant extracts
exhibited no toxicity on Vero cells with CC between 30.32 -> 1,000 pg/ml. Notably,
the essential oil derived from the plant rhizome also revealed no toxicity in vitro with
CC,, of 2.5 pg/ml. Furthermore, the essential oil from the rhizome identified volatile
compounds using Gas Chromatography-Mass Spectrometry (GC-MS). Importantly,
2,6,10-Cycloundecatrien-1-one, 2,6,9,9-tetramethyl-, (E,E,E)- or zerumbone is the
main compound in essential oil with a % peak area of 20.47 %. Thus, the crude
extract and essential oil of this plant could inhibit cariogenic bacteria and display low
toxicity on human cells, which may be useful in the development of an antibacterial
agent in the future.

Introduction effect on general health and well-being (Veiga et al.,
2016; Yadav & Prakash, 2017). The major cause of tooth

Dental caries or tooth decay is a global public  decay is the colonization of tooth surfaces by cariogenic
health problem. Severe caries often cause pain and  bacteria (Costa et al., 2012; Selwitz et al., 2007). Oral
infection, resulting in tooth extraction and also have an  Streptococci, especially Streptococcus mutans, is one of
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the cariogenic bacteria, most associated with initial
formations of caries (Van Houte, 1994). This bacterium
synthesizes extracellular polysaccharides from sucrose
and produces acids, which eventually demineralizes tooth
enamel (Loesche, 1986). Other microflora, such as
Streptococcus sanguis, Actinomyces and Lactobacillus
spp., which tolerate acidity can survive and cause severe
caries (Hamada & Slade, 1980). Various chemical
compounds such as alcohol, fluoride and antibiotics
(chlorhexidine, erythromycin, ampicillin, penicillin) have
been widely used for dental caries prevention for many
years (Baker et al., 1987; Wolinsky, 1994). However, it
has some side effects including brown staining of the
tooth, alteration in the sensation of taste, soreness in
the oral mucosa (Vieira et al., 2014). Importantly,
antibiotic-resistant bacterial populations are increasing
rapidly. For this reason, antimicrobial agents from
natural sources may become another choice for
bacterial disease treatment. Medicinal plants have long
been used for treatment due to their availability, low
cost, no toxic and minimal side effects compared to
conventional antibiotics (Abdel-Aziz et al., 2016).

Zingiber rubens Roxb. belonging to the family
Zingiberaceae, is a native plant mostly distributed over
tropical and subtropical areas including Thailand,
Myanmar, Vietnam, India, Bangladesh, China South-
Central and East Himalaya (Ahmed, 2008). Various
species are widely used as foods, spices, flavoring
agents and traditional usages such as herbal drugs for the
treatment of carminative, stomachache, diarrhea,
stimulant and cold (Nontasit etal.,2015; Yob etal., 2011).
Many plants of the Zingiberaceae family have been
found to possess antibacterial properties against several
pathogens. (Abdul et al., 2008; Habsah et al., 2000;
Sanpa & Sanpa, 2019). Nevertheless, few studies have
investigated the biological activity of Z. rubens. The
previous studies showed that the ethanolic extract of this
plant exhibited moderate antioxidant activity among
other species (Kantayos & Paisooksantivatana, 2012).
However, its biological capabilities in other aspects have
not been much studied. Therefore, this study evaluates
the antibacterial activities against some cariogenic
bacteria and cytotoxic properties of crude plant extracts
and essential oil of various parts of Z. rubens. Moreover,
the chemical composition was analyzed using GC-MS
analysis.

Materials and methods

1. Plant extraction

Zingiber rubens Roxb. was collected from the local
area of Lamphun province, Thailand. For crude plant
extraction, four parts of fresh plants including stems,
rhizomes, leaves and fruits were washed and dried at
60°C. The ground plants (100 g) were extracted with
distilled water at 45°C for 3 hours or macerated with
95% ethanol for 72 hours at room temperature at a
proportion 1:10 (w/v). After that, the plant's extracts
were filtrated, evaporated under vacuum using rotary
evaporator and then lyophilized to obtain crude powder.
The crude plant extracts were dissolved using dimethyl
sulfoxide (DMSO) at a concentration of 100 mg/ml.
2. Essential oil extraction

Fresh rhizome was grounded (50 g) using a blender.
The essential oil was obtained by steam distillation at
100°C for 3 hours with a Clevenger - type apparatus. The
essential oil was separated from water using sodium
sulfate anhydrous (Na,SO,) and stored at 4°C for further
study.
3. Antibacterial activity

3.1 Agar disc diffusion assay

The antibacterial effect of plant extracts and

essential oil was tested against Lactobacillus casei
TISTR390 and Streptococcus mutans ATCC25175 by
agar disc diffusion assay according to the guidelines of
Clinical and Laboratory Standards Institute (CLSI, 2015).
The tested bacteria were cultured in de Man Rogosa
Sharpe broth (MRS broth) (Himedia, India) for L. casei
and Brain heart infusion broth (BHI broth) (Himedia,
India) for S. mutans and incubated at 37°C for 18 hours.
After that, the turbidity of the bacterial cultures was
adjusted to be comparable to McFarland standard No.
0.5 (Himedia, India) to obtain approximately 1.0 x 108
CFU/ml. The cultures of bacteria were swabbed on MRS
agar for L. casei and BHI agar for S. mutans. Then,
20 pl of crude extracts (100 mg/ml) and essential oil
(1,000 mg/ml) were applied on 6 mm diameter sterile
paper discs (Macherey-Nagel®) and the discs were
placed on the agar. 100% DMSO was used as control
and chlorhexidine at a concentration of 2 mg/ml was
used as a positive control. These plates were incubated
at 37°C for 24 hours.

3.2 Minimal Inhibitory Concentration (MIC) and
Minimal Bactericidal Concentration (MBC)

Minimal Inhibitory Concentration (MIC) and

Minimal Bactericidal Concentration (MBC) of the plant
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extracts and essential oil were determined using broth
dilution method with slight modifications of CLSI (2015).
The plant extracts, essential oil and chlorhexidine were
diluted in growth medium by two-fold serial dilutions
into 96-well plate to obtain concentrations between
6.25-100 mg/ml for plant extracts, 250-1,000 mg/ml for
essential oil and 0.0039-2 mg/ml for chlorhexidine.
Then, the bacterial culture with 1 x 10¥ CFU/ml was
inoculated to each well plate and incubated at 37°C for
24 hours. MIC was defined as the lowest concentration of
plant extract that prevents the growth of bacterial strains.

For MBC evaluation, the well plate with no visible
turbidity in MIC assay were streaked onto medium
agar plates and incubated at 37°C for 24 hours. After
incubation, MBC was determined as the lowest
concentration of the plant extract showing no visible
growth of bacterial strains.
4. Cytotoxicity assay

The cytotoxicity assay was conducted on Vero cells
(African green monkey kidney cell) using the MTT
(3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium
Bromide) assay (Yu et al., 2004). The cells in 96-well
plates were cultured in Dulbecco’s modified eagle
medium (D-MEM) (Gibco, USA) supplemented with
10% fetal bovine serum (HyClone, UK) and incubated
at 37°C in 5% CO, incubator. After incubation, the
growth medium was removed and replaced with 2-fold
serial dilutions of plant extracts (7.81-1,000 pg/ml) and
essential oil (0.078-10 pg/ml). The cell control and
vehicle control dimethyl sulfoxide (DMSO) was used
as a negative control. The plates were incubated at 37°C
in 5% CO, for 72 hours. Then, the plant extracts,
essential oil and growth medium were removed and the
MTT reagent (5 mg/ml) (Bio Basic, Canada) was added
and incubated for 4 hours. Finally, the formazan crystal
blue was dissolved with 100 % DMSO and the absorbance
was measured at 540 and 630 nm using microplate
reader (Biochrom, UK). The percentage of viability
was calculated comparing to the cell control and 50%
cytotoxic dose (CC, ) concentration was determined
using probit analysis.
5. Chemical composition analysis

The essential oil component analyses were
conducted by NSTDA Characterization and Testing
Service Center, National Science and Technology
Development Agency (NSTDA), Thailand. The constituents
of the oil were analyzed using Gas chromatography-
Mass spectrometry (GC-MS). The GC-MS analysis was
performed on GC-MS TQ8050 (Shimadzu, Japan)

equipped with DB-5 MS columns (30 m x 0.25 mm, film
thickness 0.25 um, Agilent Technology). The analytical
condition was applied by Dai et al., 2013. Helium was
used as a carrier gas and was adjusted to column
velocity flow of 0.69 ml/min. The injector temperature
(PTV) was 250°C, detector temperature 250°C, column
temperature-programmed 60°C (2 min hold) to 220°C
(10 min hold) at a rate of 4°C/min. One milliliter of
diluted oil sample (1:10 v/v in methanol) was injected
in the split mode with split ratio 10:1 by auto-injection.
Inlet pressure was 30.1 kPa. Identification of the
components was achieved based on retention time and
mass spectral matching with NIST/EPA/NIH Mass
Spectral Library 2014.
6. Statistical analysis

The results of three replicates were reported as
mean + SD. Analysis of variance (ANOVA) was
calculated using Duncan’s new multiple range test
at P <0.05.

Results

1. Antibacterial activity

The antibacterial activity of plant extracts and
essential oil were evaluated using agar disc diffusion and
broth dilution method. The results were shown in Table
1 and 2. According to disc diffusion assay, all ethanolic
extracts and essential oil could inhibit both tested
bacteria with the inhibition zones ranging from 7.00-8.83
mm while all aqueous extracts could not inhibit any
tested bacteria. However, the zones of inhibition of all
plant extracts and the essential oils were smaller than
that of the positive control, chlorhexidine. Moreover,

Table 1 Zone of inhibition of medicinal plant extracts against L. casei TISTR
390 and S. mutans ATCC 25175 by agar disc diffusion method

Zone of inhibition = SD (mm)

Extracts Part used L. casei S. mutans
TISTR 390 ATCC 25175
Aqueous (100 mg/ml) rhizome Nz NZ
Stem Nz NZ
leave Nz NZ
fruit Nz NZ
Ethanol (100 mg/ml) rhizome 7.17+0.29¢ 7.67 £0.58%¢
Stem 7.17 £0.29¢ 8.67+ 0.58°
leave 7.17+£0.29¢ 717+ 0.29¢
fruit 7.00 £ 0.00° 7.00 £ 0.00¢
Essential oil (1,000 mg/ml) rhizome 8.83 +£0.29° 8.17 +£0.29™
chlorhexidine (2 mg/ml) 27.67 +0.58° 36.00 = 0.00°
DMSO (100%) - NZ Nz

Remark: NZ; no zone of inhibition, Means with different letters*¢ in each
column are significant differences (p<0.05) for each extract
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the plant extracts which inhibited the tested bacteria were
further evaluated for MIC and MBC values. Table 2,
shows that the ethanolic extracts of the stem had
an effective antibacterial activity with MIC and MBC
of 6.25 mg/ml for both bacterial species. Furthermore,
the plant essential oil also shows the MIC and MBC of
250 mg/ml on L. casei TISTR390 and S. mutans
ATCC25175.

Table 2 MIC and MBC values of crude extract and essential oil from Z. rubens
against L. casei TISTR 390 and S. mutans ATCC 25175 using broth
dilution method

MIC/MBC
Extracts Part used L. casei S. mutans
TISTR 390 ATCC 25175
MIC MBC MIC MBC
Aqueous (mg/ml) rhizome ND ND ND ND
stem ND ND ND ND
leave ND ND ND ND
fruit ND ND ND ND
Ethanol (mg/ml) rhizome 6.25 6.25 25 25
stem 6.25 6.25 6.25 6.25
leave 6.25 6.25 50 50
fruit 12.5 12.5 50 50
Essential oil (mg/ml)  rhizome 250 250 250 250
Chlorhexidine (mg/ml) - 1 1 0.0039 0.0039

Remark: ND; not determine.

2. Cytotoxicity of plant extracts

The results of cytotoxicity of crude extracts and
essential oil of various parts of Z. rubens to the Vero
cells are presented in Table 3. For in vitro cytotoxic
properties, the aqueous extract exhibits lower toxicity
than ethanolic extract with CC,, > 1,000 pg/ml while the
CC,, concentrations of ethanolic extract is between
30.32-377.35 ug/ml. However, all extracts show a CC,
more than 20 pg/ml, which is considered to be nontoxic
as regarded by the US National Cancer Institute (NCI).
3. Chemical constituents of essential oil

The yield of essential oil obtained from rhizomes
by steam distillation was 0.21 % (w/w) with yellow
color and an agreeable smell. Eighty-seven
constituents identified by GC-MS analysis are represented
in Table 4. The major constituents of oils are 2,6,
10-Cycloundecatrien-1-one, 2,6,9,9-tetramethyl-,
(E,E,E)-, commonly known as zerumbone (20.47%),
1,4,7,-cycloundecatriene, 1,5,9,9-tetramethyl-, Z,Z,7-
(7.31%), cyclohexene, 4-ethenyl-4-methyl-3-
(I-methylethenyl)-1-(1-methylethyl)-, (3R-trans)-
(6.90%), (1R,28S,68S,7S,8S)-8-Isopropyl-1-methyl-3-
methylenetricyclo [4.4.0.02,7] decane-rel- (6.12%) and
isospathulenol (4.11%).

Table 3 Cytotoxicity of crude extracts and essential oil of Z. rubens to the Vero

cell
Extracts Part used 50% cytotoxic concentration, CC,,

Aqueous Rhizome > 1,000 pg/ml
Stem > 1,000 pg/ml
Leave > 1,000 pg/ml
Fruit > 1,000 pg/ml

Ethanolic Rhizome 30.32 pg/ml
Stem 66.66 png/ml
Leave 377.35 pg/ml
Fruit 147.58 pg/ml

Essential oil Rhizome 2.50 pg/ml

Table 4 The main components and peak-area percentage (%) of essential oil of

Z. rubens
Peak (3;1;1) % Area Identification of the compounds
1 6.968 0.07 Bicyclo[3.1.0]hex-2-ene, 2-methyl-5-(1-methylethyl)-
2 7.220 0.95 (IR)-2,6,6-Trimethylbicyclo[3.1.1]hept-2-ene
3 7.732 0.90 Camphene
4 8.398 0.12 Bicyclo[3.1.0]hexane, 4-methylene-1-(1-methylethyl)-
5 8.624 2.67 Bicyclo[3.1.1]heptane, 6,6-dimethyl-2-methylene-, (1S)-
6 8.863 0.35 .beta.-Myrcene
7 9.511 2.12 .alpha.-Phellandrene
8 9.576 0.68 Santolina triene
9 9.818 0.08 (+)-4-Carene
10 10.088 0.88 0-Cymene
11 10.248 0.61 D-Limonene
12 10.363 0.67 Eucalyptol

13 10.767 0.19
14 11.214 0.16
15 12.168 0.26
16 12.328 0.05
17 12.637 0.06
18 14.437 0.35
19 15.305 0.11
20 15.592 0.10
21 16.107 0.12
22 17.917 0.12
23 19.222 0.05
24 20.724 0.05
25 21.115 6.90

1,3,6-Octatriene, 3,7-dimethyl-, (Z)-

.gamma.-Terpinene

Cyclohexene, 3-methyl-6-(1-methylethylidene)-
Fenchone

Linalool

(+)-2-Bornanone

Bicyclo[2.2.1]heptan-2-ol, 1,7,7-trimethyl-, (1S-endo)-
3-Cyclohexen-1-ol, 4-methyl-1-(1-methylethyl)-, (R)-
.alpha.-Terpineol

5,8-Decadien-2-one, 5,9-dimethyl-, (E)-
Bicyclo[2.2.1Theptan-2-ol, 1,7,7-trimethyl-, acetate, (1S-endo)-
7-Oxabicyclo[4.1.0]heptane, 1-methyl-4-(2-methyloxiranyl)-
Cyclohexene, 4-ethenyl-4-methyl-3-(1-methylethenyl)
-1-(1-methylethyl)-, (3R-trans)-

.alpha.-Cubebene

1,2,4-Metheno-1H-indene, octahydro-1,7a-dimethyl
-5-(1-methylethyl)-, [1S-(1.alpha.,2.alpha.,3a.beta.,
4.alpha.,5.alpha.,7a.beta.

.alfa.-Copaene

Cyclohexane, 1-ethenyl-1-methyl-2,4-bis(1-methylethenyl)-,
[1S-(1.alpha.,2.beta.,4.beta.)]-

Cyclohexane, 1-ethenyl-1-methyl-2,4-bis
(1-methylethenyl)-, [1S-(1.alpha.,2.beta.,4.beta.)]-
(18,5S)-2-Methyl-5-((R)-6-methylhept-5-en-2-yl)
bicyclo[3.1.0]hex-2-ene

1H-Cyclopropa[a]naphthalene, la, 2, 3, 3a, 4, 5, 6,
7b-octahydro-1,1,3a,7-tetramethyl-, [1aR-(1a.alpha.,
3a.alpha.,7b.alpha.)]-

26 21.385 0.27
27 22.131 0.07

28 22.358 0.82

29 22.532 0.08

30 22.804 1.71

31 23.180 0.19

32 23.387 0.30

33 23.842 1.72 Caryophyllene
34 24.085 1.02 1,5-Cyclodecadiene, 1,5-dimethyl-8- (1-methylethylidene)-,
(E.E)-

35 24.283 0.22
36 24.485 0.52

.alpha.-Maaliene
(1R,3aS,8aS)-7-Isopropyl-1,4-dimethyl-1, 2, 3, 3a, 6,
8a-hexahydroazulene

(18,4S,4aS)-1-Isopropyl-4, 7-dimethyl-1, 2, 3, 4, 4a,
5-hexahydronaphthalene

1,4,7,-Cycloundecatriene, 1,5,9,9-tetramethyl-, Z,Z,Z-
.gamma.-Muurolene

37 24.776 1.14

38 25.135 731
39 25.638 1.50
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Table 4 The main components and peak-area percentage (%) of essential oil of

Z. rubens (Cont.)

Peak (g;[l;) % Area Identification of the compounds

40 25911 6.12 (IR,28,68,7S,8S)-8-Isopropyl-1-methyl-3-
methylenetricyclo[4.4.0.02,7]decane-rel-

Benzene, 1,1'-(1,1,2,2-tetramethyl-1,2-ethanediyl) bis-
(1S,2E,6E,10R)-3,7,11,11-Tetramethylbicyclo[8.1.0]
undeca-2,6-diene

41 26.183 1.65
42 26.256 1.39

43 26.462 0.44
44 26.609 0.96

isoledene

Cyclohexane, 1-ethenyl-1-methyl-2,4-bis (1-methylethenyl)-,
[1S-(1.alpha.,2.beta.,4.beta.)]-

Naphthalene, 1,2,4a,5,8,8a-hexahydro-4,7-dimethyl-1-
(1-methylethyl)-, [1S-(1.alpha.,4a.beta.,8a.alpha.)]-
Cyclohexene, 4-ethenyl-4-methyl-3-(1-methylethenyl)-1-
(1-methylethyl)-, (3R-trans)-

Cyclohexane, 1-methyl-2,4-bis(1-methylethenyl)-,
(1.alpha.,2.beta.,4.beta.)-

Selina-3,7(11)-diene

Cyclohexanemethanol, 4-ethenyl-.alpha.,.alpha.,
4-trimethyl-3-(1-methylethenyl)-, [IR-(1.alpha.,3.alpha.,
4.beta.)]-

7-epi-cis-sesquisabinene hydrate

1,5-Cyclodecadiene, 1,5-dimethyl-8-(1-methylethylidene)-,
(E.E)-

1,3,12-Nonadecatriene

Isospathulenol

Caryophyllene oxide

45 26.961 0.86
46 27.268 079
47 27.506 0.44

48 27.635 0.10
49 27.848 0.27

50 27.995 0.23
51 28.266 3.64

52 28.486 0.06
53 28.729 0.35
54 28913 1.50
55 29.032 0.63 Isospathulenol

56 29.444 2.90 1,4,7,-Cycloundecatriene, 1,5,9,9-tetramethyl-, Z,Z,Z-
57 29.56 0.32 Ledol

58 29.776 2.51 (1R,3E,7E,11R)-1,5,5,8-Tetramethyl-12-oxabicyclo
[9.1.0]dodeca-3,7-diene

(3R, 3aR, 3bR, 4S,7R, 7aR)-4-Isopropyl-3,
7-dimethyloctahydro-1H-cyclopenta[1,3]cyclopropa[ 1,2]
benzen-3-ol

59 30.002 0.38

60 30.323 4.41
61 30.559 1.68
62 30.810 0.75
63 31.091 1.30
64 31.334 4.11
65 31.570 0.54

Isospathulenol

(-)-Spathulenol

Eudesma-4(15),7-dien-1.beta. -ol
.tau.-Muurolol

Cyclohexene, 4-pentyl-1-(4-propylcyclohexyl)-
Cyclohexanemethanol, 4-ethenyl-.alpha.,.alpha.,
4-trimethyl-3-(1-methylethenyl)-, [1R-(1.alpha.,
3.alpha.,4.beta.)]-

3, 7-Cyclodecadien-1-one, 3, 7-dimethyl-10-
(1-methylethylidene)-, (E,E)-

66 32.074 0.19

67 32.226 0.12 Curlone

68 33.692 20.47 2,6,10-Cycloundecatrien-1-one, 2,6,9,9-tetramethyl-,
(E.E,E)-

69 33.895 0.61 (-)-Globulol

70 34.087 0.18 2-((2R,4aR 8aR)-4a,8-Dimethyl-1,2,3,4,4a,5,6,
8a-octahydronaphthalen-2-yl)prop-2-en-1-ol
Isospathulenol

Isospathulenol

3-Buten-2-one, 4-(6,6-dimethyl-1-cyclohexen-1-yl)-
11-Hydroxy-11-methyl-tricyclo[4.3.1.1(2,5)]
undecan-10-one

Acetic acid, 1-[2-(2,2,6-trimethyl-bicyclo
[4.1.0]hept-1-yl)-ethyl]-vinyl ester

Ambrial

9,19-Cyclolanostan-3-ol, acetate, (3.beta.)-
geranyl-.alpha.-terpinene
Longifolenaldehyde
(E)-15,16-Dinorlabda-8(17),11-dien-13-one
Trachylobane

cis-Thujopsene

geranyl-.alpha.-terpinene

Squalene

Coronarin E
4,8,13-Cyclotetradecatriene-1,3-diol,
1,5,9-trimethyl-12-(1-methylethyl)-
Thunbergol

71 34.291 0.72
72 34.442 0.79
73 34.700 0.41
74 34.854 0.18

75 34.949 0.05

76 35.080 0.15
77 36.066 0.47
78 36.637 0.05
79 38.172 0.06
80 39.511 0.05
81 39.639 0.15
82 40.171 0.04
83 40.586 0.12
84 41.861 0.03
85 42912 0.14
86 43.093 0.05

87 43.993 1.14

Discussion

The results of antibacterial activity shows that all
ethanolic extracts from rhizomes, stems, leaves and fruits
of Z. rubens could inhibit both L. casei TISTR 390 and
S. mutans ATCC 25175 at different levels. The present
study demonstrates the highest antibacterial activity of
stem extract against cariogenic bacteria. However, all
aqueous extracts could not inhibit any bacterial strains.
The difference in effects between aqueous and ethanolic
extracts of the plant might be due to the polarity of
solvent extraction that generated various antimicrobial
components. Alcohol might solubilize the wider range
of compounds in medicinal plants than water. Alcohol is
mostly used for extraction of various polar compounds
but a certain group of nonpolar compounds was also
soluble (Tiwari et al., 2011). The antibacterial activity
of Zingiber spp. extracts could be expected to be the
compounds like flavonoids and volatile oils which
dissolved in organic solvents, so the ethanolic extract
could have a greater antibacterial activity. Additionally,
the essential oil from Z. rubens rhizome also inhibited
against both bacterial pathogens with inhibition zones of
8.17 and 8.83 mm. According to the GC/MS analysis in
this study, zurumbone (20.47%) was found to be the
major component of Z. rubens oil. This finding is
different from the previous study that reported that the
major components of Z. rubens root oil collected from
Vietnam using water distillation were (Z)-citral (30.1%),
camphene (9.7%), B-phellandrene (7.5%), 1,8-cineole
(7.0%) and zingiberene (5.3%) (Dai et al., 2013).
Nonetheless, the composition of the essential oil
depended on parts used, geographical distribution and
different stages of plant species (Chamorro et al., 2012;
Johnson et al., 2004). Zurumbone was previously known
for its antimicrobial activity. This compound at
concentration between 0.13 - 13 mg/ml, isolated from
Z. zerumbet could inhibit Salmonella cholerasuis by agar
disc diffusion method (Abdul et al., 2008). Likewise,
the zurumbone derived from Z. zerumbet showed MIC
0f250 pg/ml MBC of 500 pg/ml against S. mutans ATCC
35668 (da Silva et al., 2018). The cytotoxicity assay is
one of the reference materials for evaluating the safety
screening of bioactive compounds. The current study
shows that the ethanolic extracts (30.32-377.35 pg/ml)
gives a higher cytotoxicity effect on Vero cells than
aqueous extracts (CC, >1,000 ug/ml). Also, the essential
oil from rhizomes is not toxic to in vitro cells with CC_;
of 2.5 pg/ml. According to the US National Cancer
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Institute, a crude plant extract with CC,; less than
20 pg/ml is regarded as having cytotoxicity (Boik, 2001).
Therefore, it is clear that the plant extracts and essential
oil of Z. rubens has no cytotoxicity against normal
mammalian cells. However, the in vitro cytotoxicity
testing was a close system and direct exposure of the
cells to bioactive molecules might lead to a high
cytotoxicity (Di Nunzio et al., 2017). Furthermore, the
chemical kinetics such as absorption, distribution and
excretion of the compounds might affect cytotoxic
properties of an in vivo study (Freshney, 2000). Therefore,
the cytotoxicity should also be investigated in vivo in the
animal models to confirm the effect of extracts in further
studies.

Conclusion

In summary, this study suggests that the ethanolic
extract and the essential oil of Z. rubens shows a
promising antibacterial activities against cariogenic
species and has a low cytotoxicity. The result suggests
that Z. rubens might be responsible for the prevention of
dental caries.
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