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Abstract

Dental caries is the most common infectious disease of mankind. S. mutans is the leading cariogenic bacterium involved in 
the pathogenesis of dental caries. In Sri Lankan folklore, a traditional betel quid (TBQ) which consists of Piper betle (leaves), 
Syzygium aromaticum (flower buds), Myristica fragrans (seed and mace), Elettaria cardamomum (fruits), Areca catechu 
(seeds), Kaempferia galanga (rhizomes) and Coriandrum sativum (seeds) is claimed to protect oral health. Recently, we have 
scientifically proven its antiperiodontopathic and antigenotoxic effects. In this study, we show the anticariogenic effect of this 
TBQ through its inhibitory effect on S. mutans. In agar well diffusion assay, hexane, ethyl acetate, methanol and water extracts 
of this TBQ at a concentration of 100 mg/ml exhibited zones of inhibition with a diameter of 14.5±2.1, 15.5±3.5, 15.5±2.1, 
13.8±1.8 mm respectively. Moreover, its ethyl acetate extract showed dose dependant S. mutans inhibitory effects and a MBC 
of 250 µg/ml. These findings indicate the potential of this TBQ to be developed into a green medicine against S. mutans and 
prevent dental caries.
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Abbreviations: EA: Ethyl Acetate; DMSO: Dimethyl 
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Introduction

Dental caries is the single most common oral infection 
of mankind [1]. The bacterium Streptococcus mutans is 
considered to be the major pathogenic bacterium involved 
in causing dental caries [2,3]. Its impact on individuals and 
communities is reflected as pain and suffering, reduced 
quality of life and the economic burden due to absence from 
daily activities and the high cost of dental treatment [4-6]. In 
addition, S. mutans can also enter the circulation and cause 
endocarditis and stroke [7,8].

Despite the advancements in dental caries detection and 
prevention, 2.3 billion people are still affected with caries 
in permanent teeth and more than 530 million children 
are affected with caries in primary teeth. However, dental 
caries is a preventable disease. Unfortunately, in most low 
and middle income countries, still the main focus is treating 
caries by restoration of the cavities once it is detected, rather 
than on preventing the occurrence of the disease [9].
 

One of the major aims in preventing dental caries is 
reduction of the cariogenic bacterial load in the oral cavity. 
Fluoride is the most frequently used synthetic compound to 
prevent dental caries [10]. However, recent research provide 
evidence for emergence of fluoride resistance among S. 
mutans [11]. Besides, exposure to excess fluoride through 
ingestion of fluoridated tooth pastes during the period of 
tooth formation is a persisting concern especially in the areas 
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where dental fluorosis is endemic [12]. Various non-fluoride 
synthetic agents used in prevention of dental caries include 
chlorhexidine, povidone iodine, cetyl pyridinium chloride, 
and sodium hypochlorite [13].

Since ancient times, herbal medicines also have been 
used in prevention of dental caries [14-16]. Even now, many 
herbal remedies are used in low and middle income countries 
without proper scientific validation. Indeed, people believe 
that such traditional herbal remedies have no adverse effects 
as they come from natural sources. Therefore, it is important 
to comprehensively analyze the efficacies and toxicities 
of these traditional remedies and promote their use as 
alternative treatments or as potential sources of new drugs 
to be used in prevention of dental caries [17].

One of the time tested herbal remedies claimed to have 
oral health protective effects in Sri Lankan folklore is a 
traditional betel quid (TBQ) which consists of leaves of betel 
(Piper betle), flower buds of clove (Syzygium aromaticum), 
seeds and mace of nutmeg (Myristica fragrans), fruits of 
cardamom (Elettaria cardamomum), seeds of arecanut (Areca 
catechu), rhizomes of java galangal (Kaempferia galanga) 
and seeds of coriander (Coriandrum sativum). Recently we 
have reported its antiperiodontopathic and antigenotoxic 
effects [18]. However, its anticariogenic properties have not 
been characterized yet.

Hence, the objective of the present study was to analyze 
the anticariogenic potential of this TBQ by screening its 
growth inhibitory effects on S. mutans using an agar well 
diffusion assay and determine its MBC on this bacterium 
using a standard broth micro dilution assay.

Materials and Methods

Ethical clearance

Ethical clearance for this study was obtained from the 
ethics review committee of the Faculty of Dental Sciences, 
University of Peradeniya (Ethical Clearance Certificate No 
FDS-FRC/ 2014/16).

Chemicals and Equipment

The solvents for extraction were purchased from BDH, 
UK and the bacteriological media were purchased from 
Oxoid, UK.

Preparation of Extracts

Collection of plant materials and preparation of the TBQ 
were done as described elsewhere [18]. It was extracted at 
a solid: solvent ratio of 1:10 in hexane, ethyl acetate (EA), 

methanol and water. Extractions in organic solvents were 
done in a soxhlet apparatus for 2 h at 30°C and the extracts 
were concentrated under reduced pressure in a rotary 
evaporator. The water extract was obtained by heating the 
mixture in distilled water for 2 h at 70°C and lyophilized. 
The dried extracts were stored at -20°C. The organic solvent 
extracts were reconstituted in dimethyl sulfoxide (DMSO) 
and the water extract was reconstituted in distilled water. 
All the reconstituted extracts were filter sterilized using 
disposable filters with a pore size of 0.2 µm before analyses.

Streptococcus mutans Strain and Growth 
Conditions

Standard S. mutans culture (ATCC 700610) from 
American Type Culture Collection, USA was a generous gift 
from Prof. P. S. Rajapakse. It was revived by culturing in 
Tryptic Soy Broth (TSB) (Oxoid, UK) at 37°C under anaerobic 
conditions in an anaerobic jar for 48h. Stock cultures 
prepared from this broth culture were maintained in 40% 
v/v glycerol at -80°C throughout the study period.

Agar Well Diffusion Assay

TBQ extracts were tested for dose dependent 
antimicrobial effects using agar well diffusion assay as 
described by Evans, et al. [19]. An overnight broth culture of S. 
mutans was used for the assay. After ensuring a pure growth 
of organisms using Gram’s stain, a 3 ml aliquot S. mutans 
culture was adjusted to 0.5 McFarland turbidity standard 
(1.5x 108 CFU/ml). It was evenly spread on the surface of 
tryptic soy agar (TSA) plates supplemented with 5% sheep 
blood and the excess was removed after 2 min. Thereafter, 
9 mm wells were made on agar plates using a stainless steel 
borer. Afterwards, the wells were filled with 200 μl of the 
tested extract. Chlorhexidine (0.2%) and gentamycin were 
used as positive controls and 10% DMSO and sterile distilled 
water were used as negative controls. After an incubation 
period of 24 h, bacteria became confluent on the surface 
of the agar plates except in the areas of growth inhibition 
around the wells which became evident as clear helos. These 
zones of inhibition were measured using a micrometer gauge. 
To assess the dose dependent S. mutans growth inhibitory 
effects, a serial dilution (100 mg/ml, 50 mg/ml and 25 mg/
ml) of the EA extract was used.

Determination of the MBC of the TBQ extract on 
S. mutans

The MBC was determined by standard microplate broth 
dilution assay according to CLSI guidelines [20]. Briefly, 
2-fold serial dilutions of the extracts were prepared and 
added to TSB. The extract was serially diluted to have a final 
concentration of 62.5 µg/ml - 8 mg/ml per well. Then an 
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inoculum of 105 CFU of the organism were inoculated to each 
well and incubated as described above. After 24 h, 2 µl of 
the culture from each well were spotted on tryptic soy agar 
supplemented with 5% sheep blood and incubated for 24 h 
under the anaerobic conditions describe above. The lowest 
concentration of the extract with no bacterial growth on agar 
plate was taken as the MBC.

Data Analysis

Data were analyzed using Graph Pad Prism software 
(version 6, USA). The results are expressed as mean ± standard 
deviation (SD) from three independent experiments.

Results

Growth Inhibitory Effects of the Different 
Solvent Extracts of the TBQ on S. Mutans

As shown in Figure 1, EA, methanol, hexane and water 
extracts of the TBQ at a concentration of 100 mg/ml 
showed zones of inhibition with diameters of 17.5±0.7mm, 
16.0±1.4mm and 15.5±0.7mm and 15.0±0mm respectively. 
The ZOI was highest for ethyl acetate extract followed by 
methanol, hexane and water extracts. ZOIs for chlorhexidine 
(positive control) was 17.8±0.3 mm and 10% DMSO (negative 
control) was 0 mm.

Figure 1: A photograph of a bacterial culture plate 
showing the S. mutans growth inhibitory effects of 
different solvent extracts of the Sri Lankan TBQ. The well 
A contains (methanol extract), B (ethyl acetate extract), C 
(hexane extract), D (water extract), E (0.2%chlorhexidine), 
F (Gentamycin), G (10% DMSO) and H (water).

Dose Dependent Growth Inhibitory Effects of 
the EA Extract of the TBQ on S. Mutans

Next we attempted to test the dose dependent growth 
inhibitory effects of the EA extract of this TBQ on S. mutans 

by employing a serial dilution of the extract (100 mg/ml, 50 
mg/ml and 25 mg/ml) in agar well diffusion assay. As shown 
in Figure 2, there was a dose dependent increment in the 
mean ZOI.
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Figure 2: Dose dependent growth inhibitory effects of the 
EA extract of the Sri Lankan TBQ against S. mutans.

Discussion

Prevention of dental caries is a prime requirement 
of the entire world. At present there is a huge demand for 
natural anticariogenic compounds to meet this requirement 
since a growing body of evidence highlights the side effects 
of currently used synthetic anticariogenic compounds 
[11,12,21,22]. According to the results of our study, all 
four extracts of this TBQ (hexane, EA, methanol and water) 
have natural antibacterial compounds against S. mutans. 
This finding indicates that it is a rich source anti-S. mutans 
compounds with varying polarities. When we compared the 
zones of inhibition detected for these four extracts using 
ANOVA, there was no statistically significant difference 
among them (p<0.05) (data not shown). Nonetheless, EA 
extract showed the highest zone of inhibition. Therefore, 
the EA extract was used for analyzing the dose dependent 
antibacterial effects and the MBC. Subsequent tests revealed 
that the EA extract has dose dependent S. mutans inhibitory 
effects and a MBC of 250 µg/ml. 
 

When we compared the antimicrobial potential of the 
TBQ extract tested in this study with that of its constituent 
ingredients reported in scientific literature, it was found 
that this TBQ extract is superior to them. For example, the 
MBC of the water extract of piper betle was 0.5mg/ml while 
the MBCs of the ethanol extracts of the seed and mace M. 
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fragrans were 20 mg/ml and 40 mg/ml, respectively [23,24]. 
A methanol extract of S. aromaticum flower buds was 
reported to have a MBC >2.5mg/ml [25]. According to Aneja 
and Radhika, the MBC of organic solvent extracts (ethanol, 
methanol and acetone) of E. cardamomum fruit was 5 mg/
ml [26]. A methanol extract of A. catechu seeds has shown a 
MIC of 100 µg/ml, but its MBC was not reported so far [27]. 
The MIC and MBC of C. sativum seeds also have not been 
reported in the scientific literature. However, essential oils 
extracted from C. sativum leaves have shown a MBC of 62.5- 
125 µg/ml, which is comparable to the MBC obtained for the 
TBQ in our study [28]. The preliminary screening of TBQ 
ingredients in our laboratory for S. mutans inhibitory effects 
by agar well diffusion assay showed a ZOI of 16.5±0.7 mm for 
the EA extract of C. sativum seeds (data not shown). A study 
conducted by Hertiani, et al. has shown that ethanol extract 
of K. galanga has a MBC at 2.724% w/v [29].

Further studies are in progress to analyze the effect of 
this TBQ extract on clinical isolates of the organism and also 
on oral biofilm formation and expression of virulent genes in 
S. mutans.

Conclusion

The Sri Lankan TBQ tested in this study contains 
antibacterial compounds against S. mutans, the major 
cariogenic pathogen. This is the first study to report the 
anticariogenic potential of this TBQ. Although the anti-S. 
mutans activities of the individual ingredients of this TBQ 
have been reported earlier, we show that the combination of 
these ingredients in the traditional TBQ has a better S. mutans 
inhibitory effect. In light of the rapid spread of antibiotic 
resistance throughout the world and accumulating evidence 
on adverse effects of chemical oral hygienic products, 
natural antimicrobial agents in this Sri Lankan TBQ may 
have the potential for further development into feasible and 
economical green medicines in prevention and treatment of 
dental caries.
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