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A B S T R A C T

Dental caries is an infectious disease characterized by formation of biofilm on the teeth. It is a major health
concern worldwide and can be prevented. The dried powders of Acacia arabica, Terminalia chebula, Terminalia
bellerica and Emblica officinalishave the potential to cure oral diseases and these four plant powders have been
used in traditional tooth powder formulas in India for more than 100 years. The objective of the present study
was to investigate the antimicrobial effect of an aqueous extract of these four plant materials against the car-
iogenic microorganisms. The Minimum Inhibitory Concentration, Minimum Bactericidal Concentration, kinetics
of killing, and adherence assay of the aqueous plant extracts against the cariogenic microorganisms were de-
termined. The results showed that the combined decoction of plant extracts had a high bactericidal activity
against all the biofilm forming cariogenic microorganisms tested. Toxicity studies and infection assay on Bombyx
mori proved that the plant decoctions were not toxic. These assays suggest that the combined decoction could act
as a potential mouthwash effective against dental caries.

1. Introduction

Dental caries is a worldwide problem affecting millions of people. It
is a microbial infectious disease caused due to the demineralization and
remineralization of the tooth surface. The microbes convert sucrose to
acids which destroy the tooth enamel by decalcification (Badria and
Zidan, 2004). The chief bacteria which cause tooth decay are Strepto-
coccus mutans, Lactobacillus casei and Actinomyces viscosus (Jenkinson
and Lamont, 2005).

Mouthwash is a potential inhibitor of dental caries and it contain-
striclosan, cetylpyridinium chloride, zinc citrate or chlorohexidine.
Though they are effective, they have certain side effects like staining of
teethand development of antimicrobial strains (Ramalingam and
Amaechi, 2018).

A number of plants like orange tree, lime tree, neem plants have
been used for years as chewing sticks. Literature has shown that neem
has antimicrobial and therapeutic effects suggesting its potential to be
used as an endodontic irrigant (Biswas et al., 2002). Murray et al.
(2008) also suggested that Morindacitrifolia juice can be formulated for
use as an intracanal irrigant. Traditional plants like Acacia arabica
(bark), Terminalia chebula (fruits), Terminalia bellerica (fruits) and Em-
blica officinalis (fruits) have the potential to treat dental caries and have
been used traditionally in India for more than 100 years (Chouhan,

2008). A combination of T. chebula, T. bellericaand E. officinalis, has a
number of potential uses which include free radical scavenging, anti-
oxidant, anti-inflammatory, dental caries prevention, im-
munomodulating, appetite stimulation, gastric hyperacidity reduction,
chemoprotective, antipyretic, antistress, adaptogenic, analgesic, anti-
bacterial, anticandidal, antimutagenic, wound healing, hepatoprotec-
tive, anticariogenic, hypoglycemic, anticancer, radioprotective, and
chemopreventive effects (Baliga et al., 2012; Shetty et al., 2014). The
advantages of using herbal alternatives are cost-effectiveness, easy
availability, low toxicity, increased shelf lifeand lack of microbial re-
sistance (Abascal and Yarnell, 2002; Balakrishnan et al., 2018).

The objective of the present study was to investigate the anti-
microbial effect of a mouth wash prepared from Triphala in combina-
tion with Acacia arabica.

2. Materials and methods

2.1. Materials

The dried powders Acacia arabica (bark), Terminalia chebula (fruits),
Terminalia bellerica (fruits) and Emblica officinalis (fruits)has been used
in traditional tooth powder formulation in India for more than 100
years and were purchased from the local traditional stores in Chennai.
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The powders were of pharmacopoeia standards with reference to “The
Ayurvedic Pharmacopoeia of India”. These powders were weighed and
prepared into individual decoctions as well as in mixed ratio of 7:1:1:1
(A. arabica (70%), T. chebula (10%), T. bellerica (10%), E. officinalis
(10%)) (Ramalingam and Amaechi, 2018). The three biofilm forming
cariogenic bacteria used in this study Streptococcusmutans (ATCC
25175),Lactobacillus casei (ATCC 393) and Actinomyces viscosus (ATCC
15987) were purchased from the American Type Culture Collection
(ATCC). The media used for the growth of these bacteria were Brain
Heart Infusion (BHI) agar and BHI broth purchased from Himedia.

2.2. Preparation of decoction

Herbal decoction was prepared as per the protocol given in
Sarangdhar samhita (Tripathi, 2001). All the individual powders as well
as the combined powders were mixed with distilled water and boiled
for 5min on an induction stove till a strong decoction was formed. The
overall volume reduced to 1/8th of its original volume. After the de-
coction was prepared, it was cooled to room temperature. The

decoctions were then filtered and centrifuged at 4000 rpm for 10min to
get a clear solution. The supernatant was stored in falcon tubes for
further analysis.

2.3. Fourier transform infrared spectroscopy (FTIR) analysis

FTIR analysis is an important technique used to detect the different
bonds present in a compound. The decoctions were dried and the
powder was subjected to FTIR analysis in a Jasco FTIR 6300 spectro-
meterwith a scan range from 400 to 4000 cm−1having a resolution of
4 cm−1to detect different functional groups present in the sample. The
different peaks of the various decoction samples were observed and
noted.

2.4. Antibacterial activity

The antibacterial activity of all the individual and combined de-
coctions was assayed against S. mutans, L. casei and A. viscosus
(107 CFU/ml) using the agar well diffusion method. The Brain Heart

Fig. 1. FTIR spectrum of i. Emblica officinalis decoction, ii. Terminalia chebula decoction, iii. Terminalia bellerica decoction, iv. Acacia arabica decoction, v. Mixed
decoction.
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Infusion (BHI) agar plates were spread with 100 μl of the culture and a
well was cut using the cork borer. One hundred microliters of the de-
coctions were added intothe well and the plates were incubated over-
night at 37 °C.The assay was conducted in triplicate.

2.5. MIC and MBC

Plant extract was serially diluted with S. mutans cell suspension
(107 CFU/ml) and was incubated overnight at 37 °C. The lowest con-
centration showing no growth was recorded as the minimum inhibitory
concentration (MIC). For Minimum Bactericidal Concentration (MBC)
testing, aliquots were plated onto Brain Heart Infusion (BHI) agar and
incubated overnight at 37 °C. The lowest concentration showing 99.9%
killing was recorded as the MBC. Chlorohexidine was used as positive
control. MIC and MBC assays were conducted for L. casei and A. vis-
cosusas well. The assays were conducted in triplicate (Karthikeyan
et al., 2011; Ramalingam et al., 2012).

2.6. Time kinetics

Overnight cultures of S. mutans, L. casei, A. viscosusand mix-
edcultures of the three strains were added to plant decoctions

inmicrotiter plates. Same concentrations of chlorohexidine were used as
positive control. Following addition of the bacterial culture, 100 μl
sample was retrieved from each plate at 1, 5, 15, 30 and 60min and
serially diluted (10−1– 10−4). The bacterial count was estimated using
plate count method for all the dilutions (Karthikeyan et al., 2011;
Ramalingam and Amaechi, 2018). The dilution which showed coun-
table number of microbes was noted along with the count of the bac-
teria. The experiment was conducted in triplicate.

2.7. Adherence assay

Overnight bacterial cultures containing 107 CFU/ml of S. mutans, L.
casei, A. viscosusand mixed cultures of the three strains were added to
BHI broth containing plant decoctions individually and in combination
in the ratio 1:1. The tubes were incubated aerobically (to simulate
conditions in the mouth) at 37 °C for 24 h at an angle of
30°(Ramalingam et al., 2012; Ramalingam and Amaechi, 2018).
Chlorohexidine 0.2% (v/v) was used as positive control. The contents of
the tubes were poured out and the tubes were washed with distilled
water. One milliliter of autoclaved distilled water was then added to all
the tubes and the tubes were vortexed for a minute. Subsequently di-
lutions were made from this starting from 10−1 upto 10−4 for all the
samples. The bacterial count was estimated at each dilution for all the
samples by plate count technique. The dilution which showed coun-
table number of microbes was noted along with the count of the bac-
teria. All experiments were carried out in triplicate.

2.8. Bombyx mori toxicity infection assay

As an invertebrate model, silkworm model is characterized by its
convenience, low cost, no ethical issues. The presence of conserved
immune response and similar pharmacokinetics compared to mammals
make silkworm infection model suitable to examine the therapeutic
effectiveness of antimicrobial agents (Panthee et al., 2017). Bombyx
mori collected from sericulture units in Alangayam, Tamil Nadu was
acclimatized in the lab and fed with mulberry leaves.

For control studies, Bombyx mori worms (5 per set) were injected
with 200 μL of the plant extract diluted 50% with ultrapure water. Two
hundred microliter of chlorohexidine was used as positive control and
as a negative control 200 μL of sterile distilled water was injected into

Fig. 2. Photograph of the zone of inhibition of the various microorganisms against the different decoctions. A–F: Zone of inhibition of Streptococcus mutans against
Embilica officinalis Decoction (A), Terminalia chebula Decoction (B), Terminalia bellerica Decoction (C), Acacia arabica Decoction (D), Mixed Decoction (E),
Chlorohexidine (F). G–L: Zone of inhibition of Lactobacillus casei against Embilica officinalis Decoction (G), Terminalia chebula Decoction (H), Terminalia bellerica
Decoction (I), Acacia arabica Decoction (J), Mixed Decoction (K), Chlorohexidine (L). M–R: Zone of inhibition of Actinomyces viscosus against Embilica officinalis
Decoction (M), Terminalia chebula Decoction (N), Terminalia bellerica Decoction (O), Acacia arabica Decoction (P), Mixed Decoction (Q), Chlorohexidine (R).

Fig. 3. Graph representing the zone of inhibition of the various microorganisms
against the different decoctions.
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the worms. They were incubated for a day at room temperature. The
number of worms surviving were noted after 24 h. The experiment was
conducted in triplicate (Zhang et al., 2015; Usui et al., 2016).

For carrying out the infection assay, the worms were first injected
with 1 unit of bacterial culture S. mutans. After 15min, they were in-
jected with 2 units of the plant decoctions individually or in combi-
nation. For the positive control, 2 units of chlorohexidine was injected
and for negative control, 2 units of sterile distilled water was injected
into the worms. They were incubated for a day at room temperature.
The number of worms surviving were noted after 24 h. This assay was
repeated with L. casei, A. viscosus and combination of all 3 bacteria. The
experiment was conducted in triplicate (Zhang et al., 2015; Usui et al.,
2016).

All the data was statisticallyanalyzed using one-way ANOVA.
Criterion for statistical significance was defined as P < 0.05.

3. Results and discussion

3.1. Preparation of decoction

Acacia arabica, Terminalia chebula, Terminalia bellericaand Emblica
officinalis decoctions were prepared individually (Welihinda et al.,
2006). A combined decoction ofAcacia arabica, Terminalia chebula,
Terminalia bellericaand Emblica officinalis was preparedin the ratio of
7:1:1:1 respectively (Ramalingam and Amaechi, 2018).

3.2. Fourier transform infrared spectroscopy (FTIR) analysis

Fig. 1 represents the various FTIR spectra of the different decoc-
tions. FTIR spectrum of decoction of Emblica officinalis showed a major
peak at 3218.61 cm−1 which indicates the presence of phenols and

alcohols. The other peaks at 1696.12 cm−1, 1691.96 cm−1, indicates
the presence of carboxylic acids, peak at 1402.96 cm−1 indicates al-
kanes, peaks at 1216.86 cm−1, 1032.69 cm−1 represent esters or ethers,
the other peaks at 867.81 cm−1, 800.314 cm−1, 621.931 cm−1,
617.793 cm−1 represent alkyl halides. FTIR spectrum of decoction of
Terminalia chebula showed a major peak at 3200.29 cm−1 which in-
dicates the presence of phenols and alcohols. The other peaks at
1696.09 cm−1, 1598.7 cm−1, indicates the presence of carboxylic acids,
peak at 1328.71 cm−1 indicates alkanes, peaks at 1193.72 cm−1,
1031.73 cm−1 and 632.637 cm−1 represent alkyl halides. FTIR spec-
trum of decoction of Terminalia belliricashowed a major peak at
3231.16 cm−1 which indicates the presence of phenols and alcohols.
The other peaks at 1696.09 cm−1, 1602.66 cm−1 indicate the presence
of carboxylic acids, peak at 1327.76 cm−1 indicates alkanes, peaks at
1186.04 cm−1, 1029.8 cm−1 and 417.513 cm−1 represent alkyl halides,
and peak at 698.105 cm−1 represents alkynes. FTIR spectrum of de-
coction of Acacia arabica showed a major peak at 3219.68 cm−1 which
indicates the presence of phenols and alcohols. The other peaks at
1606.45 cm−1, 1442.49 cm−1 indicate the presence of carboxylic acids,
peaks at 1321 cm−1, 1209.16 cm−1, 1030.77 cm−1 and 768.494 cm−1

represent alkyl halides. FTIR spectrum of decoction of mixed decoction
of all 4 plants showed a major peak at 3210.9 cm−1 which indicates the
presence of phenols and alcohols. The peak at 1697.05 cm−1 indicates
the presence of aldehydes, peak at 1599.66 cm−1 represents amides,
peaks at 1334.6 cm−1, 1199.61 cm−1, 1031.73 cm−1 and
616.145 cm−1 represent alkyl halides.

FTIR analysis of the Triphala showed the presence of different
functional groups ranging from OeH alcohol (3200-3600 cm−1), CeH
alkane (2850-3000 cm−1), =CeH aldehyde (2820-2850 cm−1), acyclic
ketone (1705-1725 cm−1), NeH amide (1550–1640 bending), C]C
aromatic (1400-1600 cm−1), CeN amine (1080-1360 cm−1), CeF alkyl

Fig. 4. Streptococcus mutans count after treatment with decoctions at i. 1, ii. 5, iii. 15, iv. 30 and v. 60min. (Eo-D: Embilica officinalis Decoction,Tc-D: Terminalia
chebulaDecoction,Tb-D: Terminalia bellericaDecoction, Aa-D: Acacia arabica Decoction, MD: Mixed Decoction, PC: Positive Control, NC: Negative Control).
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Halide (1000-1400 cm−1), =CeH alkene (675-1000 cm−1) as func-
tional groups (Amala and Jeyaraj, 2014).

3.3. Antibacterial activity

The antimicrobial activity of plant decoctionswas checked against
Streptococcus mutans, Lactobacillus caseiand Actinomyces viscosus. It
wasquantitatively assessed by measuring the inhibition zone. Plant
extract was effective with the inhibition zones ranging from 13 to
24mm. The mixed decoction had a maximal zone of inhibition of
20mm, 24mm and 19mm when compared to chlorohexidine which
showed a zone of inhibition of 18mm, 21mm and 19mm against
Streptococcus mutans, Lactobacillus caseiand Actinomyces viscosusrespec-
tively (p < 0.05). Hence, combined decoction is a better antibacterial
agent in comparison to chlorohexidine. Figs. 2 and 3 represent the
photograph and graph of the zone of inhibition of the different mi-
crobes against the different decoctions.

Invitro antimicrobial activity of Triphala (aqueous extract)with
Staphylococcus aureus, Pseudomonas aeruginosa and Klebsiella pneumo-
niae has been reported to have inhibitory zone at 14mm, 10.75mm,
10mm (Amala and Jeyaraj, 2014). Gupta et al. (2014) has reported that
the combined aqueous extract of Terminalia chebula, Emblica officinalis
and Terminalia bellerica showed higher zone of inhibition compared to
0.2% chlorohexidine. Thomas et al. (2011) found the mean in-
hibitionzone for the aqueous extract of Triphala (combination of Em-
blica officinalis, Terminalia chebula and Terminalia bellerica)at 50%, 25%
and 12.5% against S. mutans (MTCC strain) to be 30mm, 28mm, and
24mm respectively. The mean inhibition zone for the aqueousextract of
Triphala at 50%, 25% and 12.5% against clinicalisolates of S. mutans
was found to be 34mm, 30mm, and 28mm, respectively. Prajapati and
Raol (2014) found the aqueous extract of Triphala to inhibit S. mutans.
The mean inhibition zone was 17mm against MTCC strains and 19mm

against clinicalisolates.

3.4. MIC and MBC

The MIC assay was performed for all the three bacteria. All the three
bacteria showed inhibition upto the 3rd well (p < 0.05). So upto 3 fold
dilution there was inhibition. Hence the MIC was at 1.25mg/ml.

MBC was performed from 1 to 6 wells for all the samples along with
negative control and media control. The concentration up to which
there was 99.9% reduction in bacterial load was considered to be as
MBC. The concentration of MBC was 2.5mg/ml (p < 0.05).

Triphala showed minimal inhibitory concentration and minimal
bactericidal concentration at 6.25% for MTCC strain of S. mutans and
3.12% for clinical isolate of S. mutans (Thomas et al., 2011). MICs and
MBCs of the colloidal solutions containing ZnO, CuO, TiO2 and Ag
nanoparticles were comparable to each other and all were significantly
lower than that of the chlorhexidine mouthrinse against both S. mutans
and S. sangius (Ahrari et al., 2015).

3.5. Kinetics study

Kinetics study at time points 1, 5, 15, 30 and 60min was performed
for all the bacteria-individually and in combination. Throughout the
time period, the number of colonies in the decoction treated samples
was much lesser when compared to the negative control (p < 0.05).
The number of bacterial colonies increased rapidly from 1min to
60min in the negative control. In all the treated samples, the number of
microbes was gradually increased from 1min to 15min followed by
gradual reduction (p < 0.05). The positive control did not contain any
bacterial colonies in all the cases. Figs. 4–7 represent the graphs of the
Streptococcus mutans, Lactobacillus casei, Actinomyces viscosus and com-
bination of all three bacterial cultures after treatment with various

Fig. 5. Lactobacillus casei count after treatment with decoctions at i. 1, ii. 5, iii. 15, iv. 30 and v. 60min.
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decoctions. The combined decoction Nanoemulsions have been found
to have bactericidal properties against Grampositive and enteric pa-
thogen species in various earlier reports (Teixeira et al., 2007;
Hamouda et al., 1999, 2001). Greater killing (49–94.73%) of S. mutans
was observed with mixed herbal powder extract containing methanolic
extract of triphala and Acacia arabica at 60min when compared with
chlorohexidine (36.56–65.93%) during kinetics study (Ramalingam and
Amaechi, 2018).

3.6. Adherence assay

Adherence assay was performed with all the 3 bacteria both in-
dividually and as a consortium- Streptococcus mutans, Lactobacillus casei
and Actinomyces viscosus. The number of bacterial colonies of all dilu-
tions was noted the next day. In all the 4 cases, the number of bacterial
colonies when treated with the various decoctions showed much lesser
bacterial count when compared to the negative control which was
untreated (p < 0.05). The number of bacterial colonies after being
treated with the mixed decoction was 1000-fold lesser than the negative
control bacterial count in all the cases. The positive control showed
absence of bacteria in all the cases (p < 0.05). Fig. 8 represents the
graphs of bacterial count of various treated samples.

Glass adherence assay used in the present study is an effective
model for assessing sucrose dependent bacterial adhesion (Nostro et al.,
2004). More inhibition of S. mutans adherence by mixed herbal powder
extract containing methanolic extract of triphala and Acacia Arabica (up
to 85.64%) at 100 μg/ml concentration has been reported when com-
pared tochlorohexidine which showed inhibition up to 73.21%
(Ramalingam and Amaechi, 2018).

3.7. Bombyx mori infection assay

This study is the first study in which plant decoctions have been
tested against cariogenic microbes in vivo using silk worm as a model
organism. In control studies, the photographs of the worms after 24 h of
treatment are shown in Fig. 9. Fig. 10 represents the graph indicating
the percentage of surviving population of B. mori worms after 24 h of
administration of the 50% diluted decoctions and chlorohexidine.

In the control, the worms given only plant decoctions survived
100% (p < 0.05). The worms injected with distilled water also sur-
vived 100%. The worms injected with chlorohexidine survived only
60% (p < 0.05). This proved that the plant decoctions were not toxic
whereas the chlorohexidine was toxic. Side effects of chlorohexidine
like altered taste perception, metallic taste, and staining of teeth have
been reported earlier (Flötra et al., 1971). Chlorohexidine shows cy-
totoxicity and even causes dysplasia of the oral mucosa (Sonis et al.,
1978; Cabral and Fernandes, 2007; De Souza et al., 2007).

In S. mutans infection assay, worms treated with Terminalia bellerica
and mixed decoction showed higher survival rates (65%) compared to
untreated control as well as worms treated with chlorohexidine-both of
which showed only 45% survival (p < 0.05). This showed that treat-
ment with mixed decoction was better than chlorohexidine. In all the
other bacterial (L. casei, A. viscosus and mixed culture of all 3 bacteria)
infections, the plant decoctions showed better survival rate than the
positive control (p < 0.05). Saxena et al. (2017) had reported that the
mean colony forming units of S. mutans with Triphala was significantly
reduced at 5min when tested on human trials. The ability of these
rinses to reduce plaque, freshen breath, to prevent or control tooth
decay, to reduce gingivitis, to reduce the speed that tartar forms on the
teeth, or to produce a combination of these effects (Kornman, 1986).

Fig. 6. Actinomyces viscosus count after treatment with various decoctions at i. 1, ii. 5, iii. 15, iv. 30 and v. 60min.
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4. Conclusion

Thus the aqueous plant extract prepared from the plants- Acacia
arabica, Terminalia chebula, Terminalia bellerica and Emblica officinalis

was found to be effective against the common dental caries causing
bacteria- Streptococcus mutans, Lactobacillus casei and Actinomyces vis-
cosus. In this study, antibacterial activity, MIC, MBC, kinetics study,
adherence assay and toxicity studies was performed. Commercially

Fig. 7. Combined microbial count after treatment with decoctions at i. 1, ii. 5, iii. 15, iv. 30 and v. 60min.

Fig. 8. Microbial count after the adherence assay using drop plate method in a. Streptococcus mutans, b. Lactobacillus casei, c. Actinomyces viscosus and d. combined
bacteria. (Eo-D- Embilica officinalis Decoction,Tc-D-Terminalia chebulaDecoction,Tb-D-Terminalia bellirica Decoction, Aa-D- Acacia arabica Decoction, MD- Mixed
Decoction, PCe Positive Control, NCe Negative Control).
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Fig. 9. Photograph of Bombyx mori after 24 h of treatment. A, B, Ce Control toxicity study with mixed decoction, chlorohexidine and distilled water; D, E, Fe S.
mutans; G, H, Ie L. casei; J, K, L- A. viscosus; M, N, Oe combined microbe infection assay using mixed decoction, chlorohexidine and distilled water respectively.

Fig. 10. Control graph represents the surviving population (%) of B. mori worms after 24 h of administration of the 50% diluted decoctions and chlorohexidine
(control toxicity study),b. Streptococcus mutans, c. Lactobacillus casei, d. Actinomyces viscosusand e. combination of all three micro-organisms infection assay with
Bombyx mori. (Eo-D: Embilica officinalis Decoction,Tc-D: Terminalia chebulaDecoction,Tb-D: Terminalia bellericaDecoction, Aa-D: Acacia arabica Decoction, MD: Mixed
Decoction, PC: Positive Control, NC: Negative Control).
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available chlorohexidine seemed to be an effective antibacterial agent
but wascytotoxicand led to reduced survival of B. mori. The combined
plant decoction gave 99.9% reduction in the total amount of bacteria
while proving to be completely non-toxic to B. mori.
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