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Abstract

Background: The main objective of this study is to compare the effectiveness of toothpaste formulations in giving
total protection to the oral cavity. So, three important solution properties: surface tension, conductivity, and pH
measurements, have been investigated for eight kinds of commercial herbal and non-herbal based toothpaste of
Nepal. The study was extended to evaluate the antibacterial efficacy of toothpaste formulations against the Gram-
positive bacteria Staphylococcus aureus (S. aureus) and Gram-negative bacteria Escherichia coli (E. coli), and this was
done by standard agar well diffusion technique. Amikacin (30 μg/disk) was used as a positive control to compare
the antibacterial potency of the investigated toothpaste.

Results: The surface tension of all toothpaste formulations increased with the decrease in concentration. However,
the conductivity of the formulations decreased with the decrease in concentration. The highest pH of 8.24 was
recorded for Dabur Super Salt (DSS) and all values were found to be higher in tap water solutions. All toothpaste
formulations showed significant growth inhibition against both S. aureus and E. coli. The overall antibacterial
sensitivity of Dabur Red (DR) is higher for S. aureus. The solid material content was found to be highest for Dabur
Herbal Gel (DHG) and lowest for Pepsodent (PD).

Conclusion: The findings of the present study showed all toothpaste formulations as effective in inhibiting the
growth of tested bacterial species. Toothpaste formulations were found slightly alkaline, which favors bacterial
growth inhibition. Increasing surface tension and decreasing conductivity value of toothpaste relative to a decrease
in concentration favor its desirable cleansing action.
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1 Background
Organic biofilm formation in the oral cavity is the main
cause of microfloral growth. Not taking proper care can
lead to several oral diseases, including tooth decay. So,
the current dental research is attracting the active know-
ledge of pharmacists to design and develop various
chemical and herbal-based toothpaste formulations for
the better cure and to strengthen the teeth of people.

The most common problems in the oral environment
are dental caries and plaque [1, 2]. The dental problems
have become a significant health problem in the least-
developed countries like Nepal, where the majority of
the people are illiterate. Gingivitis is another oral disease
whose prevalence increases with the age of the people.
Mostly, the post-aged people are more vulnerable to
plaque-induced gingivitis [3]. These diseases are caused
by oral biofilm formation, which generates a suitable
medium for the growth of many microbiota. Some
strains of S. aureus have been reported in the oral cavity
that is associated with oral infections like angular cheili-
tis, parotitis, and staphylococcal mucositis [4, 5].
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Similarly, E. coli strains are also reported to cause bilat-
eral maxillary necrosis [6]. Therefore, proper attention
to oral hygiene seems very important. Daily brushing
with toothpaste and washing of the oral cavity are the
only strategies to overcome these diseases [7, 8]. The
rural Nepalese people have the common practice of den-
tal caring by mechanical brushing with bamboo stems
and other plant parts. However, in recent years, this sys-
tem of brushing has been changed, and people use a
toothbrush with different types of toothpaste formula-
tions for dental caring. Despite the mechanical brushing
approach for removal of oral biofilm, chemical formula-
tions are also available, to enhance the efficacy of brush-
ing and thereby prevent diseases. Various types of
toothpaste and mouth rinse formulations with anti-
microbial properties have been developed to fight oral
microbial in the mouth cavity [9, 10]. Toothpaste gener-
ally contains abrasives, surfactants, anticaries agents,
copolymers, pH buffers, humectants, and binders. Dif-
ferent kinds of toothpaste contain different ingredi-
ents in various quantities. Even though all toothpaste
lowers the surface tension of liquids, the extent is no
longer equal, and so, there would be variation in their
cleansing action [11, 12].
Toothpaste is used to promote oral hygiene and de-

liver active ingredients to protect the teeth from dental
caries and gum diseases. The chemical-based toothpaste
possesses active ingredients like fluoride, surfactant (de-
tergents), antimicrobials, and bleaching agents for the
whitening of teeth. Besides the dental caring effects,
these chemicals may pose a risk factor if swallowed in
large amounts and sometimes becomes acute also [13].
The pure herbal-based toothpaste is not much effective
in performing all the activities for maintaining oral hy-
giene; instead, they are less toxic. Moreover, their effect-
iveness has been ameliorated by the combined effect of
several plant extracts. Most of the herbal-based tooth-
paste possesses clove oil and mentha species to amplify
antimicrobial property. For example, Neem leaf extract
has a natural antibacterial property and gives complete
natural oral hygiene [14, 15]. Recently, the combination
of chemical and herbal-based toothpaste is also available
in the market to promote dental care and to reduce the
toxic effects caused by chemical agents. Besides the anti-
microbial activity, several physical properties of the
toothpaste, such as surface tension, conductivity, and pH
may play a significant role in the removal of oral biofilm
and enhance cleansing action [16].
The surface tension is an essential solution param-

eter of surfactant-based toothpaste. Toothpaste re-
duces surface tension and promotes better cleansing
action [17]. Their conductivity depends upon the na-
ture of ions formed after ionization, nature of the
solvent used, temperature, and presence of additives

like salts [18]. Van Asselt et al. illustrated that con-
ductivity could be used to monitor the cleansing and
to distinguish between the different cleansing phases
[19]. The alkaline nature of toothpaste has a signifi-
cant advantage in neutralizing acids produced by bac-
terial action on food particles and prevents tooth
decay. Alkaline toothpaste causes less spoilage of the
dental surface, whereas acidic toothpaste with lower
pH has shown more significant transformation effects
[20]. Eventually, the pH of toothpaste is essential to
maintain the alkaline medium of the oral cavity,
which inhibits bacterial growth in the oral environ-
ment [16]. The literature suggests pH as an important
property of toothpaste for effects on the enamel sur-
face [21].
The present research work aims to evaluate the phys-

ical and solution properties of eight dentifrice formula-
tions containing both herbal and chemical ingredients.
These were screened for in vitro antibacterial efficacy to
compare their effectiveness towards tooth decaying bac-
teria [9, 22]. Most of the plant extracts added to the
herbal-based toothpaste possess medicinal values. So,
the antibacterial efficacies of such herbal and chemical-
based toothpaste were compared and evaluated.

2 Materials and methods
2.1 Materials and instruments
All the chemicals and reagents used in this experiment
were of analytical reagent grade. Amikacin disk, Nutrient
Broth (NB), Nutrient Agar (NA), and Mueller Hinton’s
Agar (MHA) were obtained from Hi-Media Laboratories,
Pvt. Ltd. Mumbai, India. Eight kinds of toothpaste were
selected and purchased from the local market of Biratna-
gar, Nepal. These dentifrice formulations are coded as
Dabur Red (DR), Pepsodent (PD), Srikhanda Herbal
(SKH), Dabur Herbal (DH), Aagaman Neem Herbal
(ANH), Dabur Herbal Gel (DHG), Dabur Super Salt
(DSS), and Close Up (CU). Their ingredients are listed
in Table S1. These are grouped into three types: pure
chemical-based, pure herbal-based, and the combination
of both herbal and chemical-based toothpaste. The den-
tifrice DR is an herbal-based toothpaste with chemical
preservatives. The toothpaste SKH and ANH contain
fluoride along with herbal constituents. DH, DHG, and
DSS contain both herbal and chemical constituents. PD
contains fluoride, chemicals, and herbal components,
and CU is pure chemical-based dentifrice. The surface
tension was measured by Force Tensiometer-K20, using
a platinum ring by the ring detachment technique. The
auto-ranging digital Conductivity/TDS meter, TCM 15+
was employed to measure the electrical conductance of
the toothpaste solutions. The pH of the solutions was
measured by the EutechTM Ion 2700 pH meter.
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2.2 Methods
The glasswares were washed with triple-distilled water
before use and dried in the oven. For the solution
properties study, the solution of toothpaste was made
in sterile pyrogen-free distilled water and normal tap
water. All solutions were centrifuged for half an hour
and the clear liquid so obtained was used for the so-
lution properties study. Six different concentrations of
toothpaste solution in water at a ratio 1:50, 1:100, 1:
200, 1:400, 1:800, and 1:1600 were obtained using the
internal dilutions technique. The surface tension, con-
ductivity, and pH were then simultaneously measured.
The antibacterial property of the toothpaste formu-

lations was tested in vitro against the Gram-positive
bacteria S. aureus, and the Gram-negative bacteria E.
coli using the standard agar well diffusion method
[23]. The specific isolates of S. aureus (ATCC 25923)
and E. coli (ATCC 25922) were cultured and stored
in Mueller Hinton’s Agar (MHA) plates at 4 °C until
their use. For each toothpaste formulation, four differ-
ent concentrations were tested against each bacterial
species (Table 4). Bacterial cultures were revived by
seeding a few colonies from a fresh plate culture into
5 ml nutrient broth and allowing incubation at room
temperature for 2 h. The bacterial cultures were then
streaked uniformly onto the surface of sterile MHA
plates. Wells of 5-mm diameter were punched off on
the inoculated MHA plates using a sterile 5-mm
cork-borer. The wells were loaded with 50 μL of the
toothpaste solutions [23–25]. An amikacin disk
(30 μg) was placed on each agar plate. After incubat-
ing the plates at 37 °C for 24 h, the diameters of the
zone of inhibition were measured and compared. The
entire experiment was repeated three times to reduce
error, and the measurements of the zone of inhibition
for S. aureus and E. coli were compared using the
Student’s two-tailed t test (P < 0.01 and P < 0.005)
[26, 27].

3 Results
3.1 Solution properties
The surface tension data of all the toothpaste formula-
tions at their six different concentrations in DW and
TW at room temperature are presented in Table 1 and
Figures S1 and S2. At all their concentrations, the order
of surface tension was DSS > DR > DH > DHG > ANH
> SKH > PD > CU in DW as well as in TW solution.
The specific conductivity of toothpaste samples was
measured at room temperature in both DW and TW,
and the data are presented in Table 2 and Figures S3
and S4. The data revealed a low specific conductivity
value of toothpaste in DW relative to TW at all concen-
trations. The graphical pattern was almost similar in
both cases, and there was a decrease in specific conduct-
ivity with dilution for all toothpaste. The variation of
specific conductivity with toothpaste concentration was
found linear. We, therefore, determined the intercept
and slopes from the linear variation of the conductivity
data with the correlation coefficient, which was found
higher than 0.99 (Figures S5 and S6). The pH data of all
the investigated toothpaste in aqueous solutions are re-
ported in Table 3. The graphical information of the
change in pH with concentration is illustrated in Figures
S7 and S8. In general, pH decreased with increasing di-
lution of toothpaste solutions.

3.2 Percentage solid content
The percentage solid content of various types of tooth-
paste gives an idea about the amount of dry matter
present in it that would participate in cleansing and pro-
tective action. Of the eight types of toothpaste selected
for the study, DHG has the highest (78.77%) while PD
has the lowest (63.94%) content of the embedded mate-
rials. Others occupy an intermediate position with the
range (69.27–76.29) percent, not too far from the high-
est value (Fig. 1).

Table 1 Surface tension of toothpaste samples in distilled water (DW) and Tap water (TW) at room temperature

Surface tension (mN/m)

Toothpaste 1:50 1:100 1:200 1:400 1:800 1:1600

DW TW DW TW DW TW DW TW DW TW DW TW

DR (2) 34.3 32.1 46.0 38.0 58.9 46.8 65 55.1 68.5 62.8 71.0 68.1

PD (7) 27 25.5 29.6 28.1 39.7 33.4 50.5 39.2 62.5 44.4 68.3 58.0

SKH (6) 30.6 27.6 38 34.7 49.5 41.7 59.6 45.7 66.0 54.1 69.1 66.2

DH (3) 34 30.6 44.3 37.0 55.6 46.2 64.0 54.3 68 62.4 70 68.0

ANH (5) 31.5 28.1 39.0 35.5 51.4 42.4 60.9 46.0 67.2 54.6 69.3 66.5

DHG (4) 32.8 29.1 42 36.1 53 43.1 61 46.9 67.5 55.4 69.5 67.1

DSS (1) 35.9 34.6 48 39.1 60.9 49.0 66 56.3 69.5 63.0 71.2 68.2

CU (8) 24.6 24.4 24.7 25.0 26.0 25.2 29.5 27.6 40.9 35.8 59.7 56.6
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3.3 Antibacterial sensitivity study
In vitro antibacterial evaluation of toothpaste formula-
tions were conducted to assess their growth inhibitory
activity against two common representative species of
Gram-positive and Gram-negative bacteria, S. aureus
and E. coli, respectively. The toothpaste formulations
produced larger zones of inhibition for S. aureus than E.
coli (Table 4, Figs. 2 and 3). The bacterial growth inhib-
ition was found to be higher and more consistent at
higher concentrations of the formulations. Compared to
different brands of toothpaste, ANH displayed consider-
ably higher inhibition for both S. aureus and E. coli at all
four tested concentrations. Comparatively high inhibi-
tory patterns were exhibited by all four concentrations
of SKH. Interestingly, toothpaste DR showed the highest
antibacterial potency against S. aureus at 1:1 concentra-
tion, but the weakest inhibition at concentrations 1:4
and 1:8. A similar pattern was seen for this toothpaste
with E. coli as well.
The analysis of the results of the antimicrobial suscep-

tibility test was based on the comparison of the zones of
inhibition formed by the toothpaste formulations, pos-
sibly due to the active antimicrobial agents present in

the toothpaste. The amikacin disk (30 μg/disk) was in-
cluded in the test as a reference for the comparison of
growth inhibitors by toothpaste. Amikacin is a broad-
spectrum aminoglycoside antibiotic widely used in the
treatment of infections with Gram-positive and Gram-
negative bacteria, including otherwise aminoglycoside-
resistant bacteria [28, 29]. Size of the zones of inhibition
produced by the highest concentrations of toothpaste
formulations for both S. aureus and E. coli was compar-
able to that formed by the amikacin disks, indicating
that both species are sensitive to the highest concentra-
tion of the toothpaste formulations. Overall, all eight
kinds of toothpaste formulations demonstrated a high
inhibitory effect against S. aureus. E. coli was only resist-
ant to PD at 1:8 concentrations. In general, herbal-based
toothpaste has better inhibitory activity than non-herbal
toothpaste.

4 Discussion
Our report on the study of the solution properties of
toothpaste can be a benchmark for evaluating their ef-
fectiveness towards cleansing action. All investigated

Table 2 Specific conductivity of toothpaste samples in distilled water (DW) and tap water (TW) at room temperature

Toothpaste Specific conductivity (μSiemen/cm)

1:50 1:100 1:200 1:400 1:800 1:1600

DW TW DW TW DW TW DW TW DW TW DW TW

DR 318 550 166 427 91 365 50 330 24 305 7 292

PD 507 779 255 541 125 428 61 370 29 334 10 319

SKH 245 506 125 401 60 342 25 305 13 284 3 277

DH 295 529 147 421 70 353 32 315 16 293 5 280

ANH 268 519 139 418 64 348 28 310 15 288 4 278

DHG 298 543 155 424 73 357 38 320 17 295 6 284

DSS 666 918 345 629 172 477 82 398 35 361 12 342

CU 473 665 221 491 112 399 52 350 26 322 9 305

Table 3 pH of toothpaste samples in distilled water (DW) and Tap water (TW) at room temperature

Toothpaste pH

1:50 1:100 1:200 1:400 1:800 1:1600

DW TW DW TW DW TW DW TW DW TW DW TW

DR 7.45 7.64 7.21 7.25 6.84 6.88 6.63 6.68 6.43 6.47 6.33 6.35

PD 7.13 7.50 7.08 7.09 6.80 6.82 6.50 6.54 6.31 6.36 6.22 6.23

SKH 7.15 7.53 7.10 7.23 6.82 6.86 6.52 6.56 6.33 6.37 6.23 6.24

DH 7.49 7.75 7.23 7.44 6.90 7.15 6.70 6.89 6.61 6.70 6.45 6.54

ANH 6.86 6.87 6.84 6.85 6.66 6.73 6.48 6.52 6.24 6.35 6.11 6.22

DHG 6.83 6.85 6.81 6.84 6.62 6.72 6.45 6.50 6.18 6.30 6.07 6.19

DSS 8.20 8.24 8.17 8.22 7.94 8.03 7.64 7.65 7.13 7.15 6.80 6.83

CU 6.60 6.65 6.56 6.60 6.43 6.57 6.29 6.46 6.14 6.25 6.03 6.15
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toothpaste showed higher surface tension values in dis-
tilled water than tap water. The decrease in surface ten-
sion is proportional to the adsorbed amount of
surfactant, as shown by the Gibbs adsorption isotherm.
As we know, tap water contains salts whereas distilled
water does not contain any salts. Adding salt reduces
electrostatic repulsion between ionized head groups of
surfactants, so they can pack together at the interface.
Therefore, more surfactant is adsorbed and causes more
reduction of surface tension [30]. Our data of high sur-
face tension of all investigated toothpaste in distilled
water and low surface tension in tap water also coincide
with most investigated toothpaste in the literature [31].
At their lowest experimental concentration, toothpaste

solutions have been found with relatively high surface
tension values and reverse with high concentration. The
results showed an increasing trend of surface tension

upon dilution of the toothpaste solution. This may also
be due to the increase of the water portion and the for-
mation of monolayer and ionic micelles at low concen-
trations [17, 31]. Such variations regarding high and low
concentrations of toothpaste at surface tension were also
found by Gordon and Shand [31]. It was claimed by
Gordon and Shand that the effectiveness of toothpaste is
mainly due to friction between teeth and brushes, and
the support of other substances involved is of negligible
importance [31]. Even a toothpaste with the lowest sur-
face tension value cannot remove all the particles of deb-
ris that have been lodged between the cervices only.
Hattiangdi et al. concluded that soapless detergents are
better than surface cleaning agents due to their low sur-
face tension values compared to soaps with low concen-
trations [17].
Despite the differences, both soap and toothpaste have

surfactants aimed at reducing surface tension and re-
quire friction for cleaning. And yet, without them, no
better cleanup is achieved. Surface tension studies
should, therefore, be of importance in the cleaning ac-
tion. Some studies of surface tension on toothpaste
prove that low surface tension helps in better teeth
cleaning [32]. Lower surface tension is possible only in
an aqueous medium that combines with toothpaste con-
taining the surfactant.
The specific conductivity of toothpaste in distilled

water was found to be lower than that in tap water, and
this is probably due to the presence of ionic impurities
in tap water which increases the mobility of ions. All
investigated toothpaste has a specific conductivity reduc-
tion with dilution. The decrease in conductivity, along
with dilution, is due to the replacement of ions by the
colloidal particles, which, when conducting, have lower
conductivity than the ions from which they are formed.
Colloidal particles are thus formed in very low

Table 4 Antibacterial sensitivity of S. aureus and E. coli with tested toothpastes

Toothpastes The diameter of the zone of inhibition in mm

S. aureus E. coli

1:1 1:2 1:4 1:8 1:1 1:2 1:4 1:8

DR 23.0 ± 1.0** 17.7 ± 0.6* 12.3 ± 2.1 7.3 ± 0.6 15.3 ± 0.6 15.3 ± 0.6 8.0 ± 1.0 7.7 ± 0.6

PD 18.7 ± 0.6 17.0 ± 1.0 15.3 ± 0.6** 14.0 ± 1.0** 17.0 ± 1.0 14.0 ± 1.0 12.7 ± 0.6 6.7 ± 0.6

SKH 20.0 ± 1.0* 17.3 ± 1.2 15.7 ± 0.6 12.0 ± 1.0 15.7 ± 1.2 15.7 ± 1.2 12.7 ± 1.2 10.0 ± 1.0

DH 19.7 ± 1.2** 18.3 ± 0.6** 16.7 ± 0.6** 11.0 ± 1.0* 14.7 ± 0.6 12.7 ± 0.6 10.3 ± 0.6 7.7 ± 0.6

ANH 21.3 ± 0.6** 20.0 ± 1.0* 20.3 ± 0.6** 12.7 ± 0.6 16.0 ± 1.0 14.7 ± 0.6 14.0 ± 1.0 12.3 ± 0.6

DHG 19.0 ± 1.0** 18.0 ± 1.0** 18.3 ± 0.6** 10.0 ± 1.0 13.7 ± 0.6 13.3 ± 0.6 12.7 ± 0.6 12.0 ± 1.0

DSS 19.7 ± 1.5 16.0 ± 1.0* 15.0 ± 1.0** 10.3 ± 0.6 14.3 ± 1.5 13.0 ± 1.0 8.7 ± 1.2 8.3 ± 0.6

CU 17.0 ± 1.0 16.7 ± 0.6** 15.3 ± 0.6** 14.3 ± 0.6** 14.0 ± 1.0 13.7 ± 0.6 11.7 ± 0.6 10.3 ± 0.6

Amk 24 21

Numbers connote mean value ± standard deviation (n = 3)
*P < 0.01, **P < 0.005

Fig. 1 Percentage solid content of toothpastes after 1 month drying
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concentrations. The variation in conductivity of different
toothpaste solutions at a certain concentration is likely
due to the presence of many sizes and types of colloidal
particles [17]. Toothpaste (DSS) has shown the highest
specific conductivity. The higher the conductivity, the
higher will be the charge in the pertaining ions and the
higher will be the charge neutralized thereby increasing
the cleansing behavior of the substances.
The positive slopes of the order DSS > PD > CU > DR

> DHG > DH > ANH > SKH was found in the variations
of specific conductivity with toothpaste concentration in
distilled water at room temperature, whereas there was
no reasonable trend in the intercept and almost negative
values in the case of DR (Figure S3). The reason is that
the very dilute composition of toothpaste in DW has a

very low value of specific conductivity and therefore the
cleansing action is low. Similarly, in tap water solutions,
the positive slope indicates strong ion-ion interactions in
the toothpaste solutions [33]. The high positive values of
the intercepts indicate that the very dilute composition
of toothpaste in tap water also has a relatively high value
of specific conductivity and therefore the cleaning action
is high [17].
Acidic toothpaste spoils the oral environment causing

aciduric bacteria to cause dental caries. Research on the
effects of pH on the enamel surface indicates enamel
erosion from the dental surface due to low pH and high
acid concentrations. The pH of 6.5 can initiate tooth
demineralization and 5.5 can do enamel erosion [34].
Distilled water is often acidic and this nature is due to

Fig. 3 Antibacterial sensitivity of E. coli to different tested toothpastes

Fig. 2 Antibacterial sensitivity of S. aureus to different tested toothpastes
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the dissolution of atmospheric CO2 which produces car-
bonic acid. Kulthanan et al. observed a pH of 5.7 for dis-
tilled water and 7.5 for water from home water filter
which is similar to tap water [35]. So, in our study on
eight types of toothpaste, dissolved in distilled water was
found to have low pH while higher for tap water in all
the investigated compositions.
Distilled water, as well as tap water, has the highest pH

for DSS in all compositions while CU has the lowest pH.
The reason for the highest pH is due to the fact that DSS
contains mostly alkaline ingredients (Table S1). The pH of
calcium carbonate is around 9.91, and it is 8.35 for sodium
bicarbonate regardless of the concentration. The reason
for the lowest pH of CU is due to the presence of some
acidic natural ingredients such as PEG-32 which has a pH
of about 5 [36, 37]. The carbonated drinks can damage
the tooth surface due to their low pH value. So it is
recommended to use DSS, DR, PD, SKH, and DH tooth-
paste to remove acidic strains of the tooth surface [38].
CaCO3 as an abrasive in the toothpaste has a profound

effect in forming alkaline medium and acts as a natural
buffer in the oral environment while the others have a
neutral effect. Baking soda as an abrasive has a beneficial
role in neutralizing pH changes in acid-forming plaque
after exposure to sucrose and in the caries inhibition
[39, 40]. Manufacturers formulate toothpaste to adjust
pH value in the oral environment. The primary objective
of toothpaste is to clean the approachable tooth surfaces
with minimal damage to enamel, dentin, root surfaces,
and gingival tissues due to mechanical abrasion of those
surfaces. Relative abrasivity comparison of toothpaste is
done by radioactive dentin abrasion (RDA) number [41,
42]. The lower the RDA number the lower will be the
toothpaste’s abrasion. One cannot assume that whiten-
ing toothpaste has high RDA numbers. Many whitening
kinds of toothpaste are less abrasive than anti-tartar and
smoker’s toothpaste. Common ingredients of toothpaste
include hydroxyapatite, xylitol, erythritol, and baking
soda, which increase the pH in the mouth cavity.
The dietary acids from carbonated drinks and other bev-

erage foods have higher potential for causing tooth ero-
sion. The erosive effect is due to low pH, low phosphate
and high fluoride concentration, and also high buffering
capacity [43, 44]. On the other hand, a high pH value of
the surrounding environment can cause irritation of pulp
tissue and develop superficial necrosis on the exposed
pulp and provoke mineralization on the necrotic zone
[45]. It also creates a hostile environment for the prolifera-
tion and survival of the bacterial pathogen. Therefore, the
detection of the pH value of toothpaste products is an im-
portant part of quality monitoring. And, we can ensure
the stability of the toothpaste by controlling the pH in a
reasonable range to control the dissociation rate. National
and international toothpaste companies often pay more

attention to this point, and they consider the pH value to
be an important parameter to identify the quality of the
toothpaste products [46]. Long exposure of the acidic en-
vironment gradually comes into contact with the dentine,
the pain of which increases the gingival recession [47, 48].
Also, root desorption and enamel demineralization have
been reported at a pH of about 5.2 [38].
We have also reported the antibacterial sensitivity of

toothpaste against two bacterial species, S. aureus and E.
coli. While members of common flora of the oral cavity
such as Streptococcus mutans, Streptococcus sobrinus,
and some species of Lactobacillus are the usual causative
agents of dental caries and gingivitis, several members of
the “non-oral” microbiota inhabit the oral microenviron-
ment due to ecological diversification in the oral cavity
[49]. Besides, pathogenic “non-oral” bacteria such as S.
aureus and E. coli are prevalent in subgingival biofilms
of chronic periodontitis patients [50–52]. A high preva-
lence of periodontitis in non-smokers has also been as-
sociated with S. aureus [52]. Therefore, the roles of
these bacteria as part of the etiology of caries and peri-
odontal diseases cannot be ruled out. S. aureus is a
nosocomial pathogen most commonly associated with
hospital-acquired infections as well as community-
acquired infections. This study focuses on testing the in-
hibitory effects of the toothpaste formulations on the
common but “non-oral” pathogens that are associated
with chronic dental infections. S. aureus and E. coli were
chosen as the common representative species of Gram-
positive and Gram-negative groups, respectively. A
future direction for the study may be to determine the
antimicrobial effect of toothpaste formulations on spe-
cific “oral” pathogens associated with dental caries and
periodontitis.
In this study, we investigated the active antimicrobial

ingredients of toothpaste which can be formulated to re-
duce the deleterious effects of bacteria in oral flora.
Most herbal-based toothpaste contains active antimicro-
bial ingredients to enhance antibacterial activity and is
listed in Table S2. The addition of herbal extracts to
toothpaste can enhance the antibacterial spectrum and
can be enhanced by mixing with non-natural antibacter-
ial agents [53]. Fluoride-containing toothpaste such as
SKH, PD, CU, and ANH enhance their effect on oral
bacteria by direct inhibition of cellular enzymes and by
easy permeation of hydrogen fluoride through cell mem-
brane [54]. In general, the toothpaste showed similar
patterns of inhibition with both S. aureus and E. coli
bacteria in their variable compositional concentrations.

5 Conclusion
Oral biofilm formation is a common phenomenon in the
oral environment that provokes bacterial growth and
many kinds of oral diseases. The purpose of brushing
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the teeth using toothpaste is to remove oral biofilm and
reduce bacterial attack. The chemical ingredients of
toothpaste are the essential factors to measure their ef-
fectiveness in removing oral biofilms, and also to en-
hance their comparative quality. In addition to cleansing
action, toothpaste acts to inhibit bacterial growth in the
oral environment. In the present investigation, the study
of solution properties detected increasing surface tension
with decreasing concentration, decreasing conductivity
with decreasing concentration, and slightly alkaline pH
value of the investigated toothpaste. The weakly alkaline
nature inhibits bacterial growth. The increasing surface
tension and decreasing conductivity relative to decreas-
ing concentration of toothpaste favor good cleansing ac-
tivity. Moreover, bacterial inhibition further highlights
the importance of toothpaste in public health research.
All the investigated toothpaste formulations detected ef-
fective inhibition of growth of Gram-positive and Gram-
negative bacteria and exhibited high inhibitory activities
at concentrations of 1:1 and 1:2. Natural extracts added
to toothpaste were found to further enhance the antibac-
terial spectrum. DR and PD showed greater inhibition
effect against S. aureus and E. coli bacteria, respectively.
Overall, the results suggest that the toothpaste formula-
tions tested in this study are potentially effective in inhi-
biting bacteria that are associated with dental and
gingival infections.

6 Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s43088-020-00050-2.

Additional file 1: Table S1 Ingredients of various toothpaste selected
for antibacterial assessment. Table S2 Active antimicrobial ingredients of
toothpastes. Figure S1 Surface tension Vs concentration of toothpaste
samples in distilled water (DW) at room temperature. Figure S2 Surface
tension Vs concentration of toothpaste samples in tap water (TW) at
room temperature. Figure S3 Specific conductivity Vs concentration of
toothpaste samples in distilled water (DW) at room temperature. Figure
S4 Specific conductivity Vs concentration of toothpaste samples in Tap
water (TW) at room temperature. Figure S5 Liner variations of specific
conductivity Vs concentration of toothpaste samples in Distilled water at
room temperature. Figure S6 Liner variations of specific conductivity Vs
concentration of toothpaste samples in Tap water at room temperature.
Figure S7 pH Vs concentration of toothpaste samples in distilled water
(DW) at room temperature. Figure S8 pH Vs concentration of toothpaste
samples in Tap water (TW) at room temperature.
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