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Objective: A dentifrice formulated with natural extracts effective at reducing plaque was developed and its ability to control
dental plaque was compared to an existing product with high market share (positive control). Assessments were made using
the modified patient hygiene performance (m-PHP) index, i.e., oral environmental management capability index.
Methods: Dental plaque tests were performed on 30 female students over 20 years of age before, thirty minutes after and
three hours after brushing teeth with a natural extract-containing dentifrice and a control product.
Results: The mean m-PHP indices of the experimental and control groups, respectively were 70.4±11.1 and 60.8±11.8
(before brushing teeth), 90.6±8.1 and 83.3±6.6 (30 minutes after brushing), and 88.6±8.8 and 80.7±6.7 (three hours after
brushing). Repeated-measure ANOVA revealed significant differences between time (F=474.233, p=0.000), and between
groups (F=14.582, p=0.000), but not between groups and time (F=1.336, p=0.267). Comparing only before brushing and
30 minutes after brushing teeth, it was found that the oral environmental management capacity of the experimental group
was better compared with the control group (time: F=503.5, p=0.000; between groups: F=13.615, p=0.000; between
groups and time: F=1.583, p=0.213).
Conclusion: The dental plaque-reduction capacity of this novel dentifrice containing natural extracts was significantly superior to that of an existing product with high market share.
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Introduction

fits to the host (e.g., helping to protect the teeth from microbes
and low pH) [1]. Plaque has a diverse microbial composition
that, in healthy condition, remains relatively stable over time
(microbial homeostasis) [2]; putative pathogens from diseased sites on the other hand are associated with two of the
most prevalent diseases, dental caries, periodontal disease [3].
These two major oral diseases are major causes of tooth loss,
and their prevention is largely based on the ability to reduce
the presence of dental plaque [4].
Routine tooth brushing is the principal method by which individuals remove plaque and control plaque-related diseases

Dental plaque, a structurally- and functionally-organized
biofilm, forms naturally on teeth and provides multiple bene-

Corresponding author Inchul Hwang
E-mail: hwang@kosin.ac.kr
https://orcid.org/0000-0002-1664-9854
Received September 2, 2019, Revised September 20,
2019, Accepted September 24, 2019

Copyright ⓒ 2019. Korean Academy of Preventive Dentistry. All rights reserved.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

168

Ji-Young Lee and Inchul Hwang：A Natural Extracts-Containing Toothpaste

such as periodontitis and caries [5]. Specifically, the use of
dentifrice and a toothbrush is critical to effectively control
dental plaque, a biofilm that covers parts of the tooth surface
with bacterial masses in the oral cavity attached to the glycoprotein pellicle on the tooth surface [6].
Dentifrices, including toothpaste and toothpowder, are
agents used with a toothbrush to clean and polish teeth, suppress bad breath, control microorganisms, and maintain aesthetics and oral health. Their main ingredients include cleaning agents, abrasives, surfactants, humectants, binder or thickening agents, flavorings, whitening, anticaries and anticalculus agents (for plaque prevention and gingivitis control),
anti-inflammatory drugs, buffers, sweeteners, colorings, opacifying agents, preservatives, and vitamins. More recently,
dentifrices have been developed for the treatment and prevention of dentinal hypersensitivity [7]. There are risks associated with the use of dentifrices depending on the ingredients
they contain, including the potential to swallow large amounts
of poisonous/toxic ingredients (e.g., sodium fluoride, triclosan) [8]. Attempts to control plaque by long-term use of chemicals such as enzymes, antibiotics, and antiseptics may also
lead to potential systemic problems or local side effects (e.g.,
staining of the teeth) [9].
Recently, there has been increased interest in natural-based
toothpastes containing herbal dentifrice ingredients such as
chamomile [10], Aloe vera [11], echinacea, sage, myrrh, rhatany and peppermint oil [12]. These natural-based toothpastes
are being developed to help control against side effects of various chemicals contained within existing dentifrices [13]. The
caries-controlling or preventing effect of xylitol, as a typical
example, is more than just excluding fermentable sugars from
the diet, known to inhibit growth, metabolism, as well as polysaccharide production of mutans streptococci [14]. Reduction
in plaque and gingivitis by an essential oil-containing mouthrinse has been demonstrated [15], and an inhibitory effect of
oolong tea extract-containing polymerized polyphenols on
plaque deposition was found to significantly inhibit plaque
deposition in 35 subjects [16]. In this study, a dentifrice containing natural extracts invented by Inchul Hwang and Jinok
Lee (Korea patent registration No. 10-1605632) was manufactured and examined. In previous studies of a mouthwash
and mouth spray containing the same natural extracts, respectively, Hwang [17] demonstrated antimicrobial effects
against oral microorganisms, and Kim [18] confirmed effectiveness at reducing bad breath. Here, the results of a study
conducted to evaluate the ability of a toothpaste containing
these natural extracts to reduce dental plaque compared with a
current product with high market share are presented.

Materials and Methods
1. Study subjects
After receiving approval from the Kosin University Institutional Ethics Committee (approval No. KU IRB 2019-0006),
and voluntary consent from subjects (30 females over 20 years
of age with no general diseases or oral symptoms), this research was performed from May to June 2019.

2. Materials
1) Preparation of natural extract-containing toothpaste
Natural extracts were comprised of 31 natural materials
such as campsis flower, camellia flower, silk tree leaf, azalea
flower, dandelion, onion, purslane, aloe, cuttlebone, magnolia
flower, leek, coltsfoot, lettuce, radish, forsythia, ginger, bellflower, kelp, anchovy, licorice, mistletoe, houttuynia cordata,
hyssop, green tea leaf, garlic, mulberry leaf, lacquer tree leaf,
Chinese pepper, seaweed, cabbage, and soybean. In addition
to these natural extracts, this experimental toothpaste was prepared with dental silica, d-sorbitol, SLSA (sodium lauryl sulfoacetate), CMC (carboxymethyl cellulose), xylitol, menthol
essential oil, and peppermint essential oil.
2) Composition of positive control group toothpaste
A toothpaste manufactured by AK company (Seoul, Korea)
was used as a positive control. This toothpaste contained sodium monofluorophosphate, calcium carbonate, tocopheryl
acetate, glycerin, dental silica, SLS (sodium lauryl sulfate),
D-sorbitol solution (70%), sodium saccharin, sodium chloride, water, disodium phosphate, carrageenan, sodium carboxymethyl cellulose, colloidal silicon dioxide, sodium hydrogen
carbonate, among other ingredients.

3. Experiment method
The same 30 subjects were used in the control and experimental groups. Treatment intervals were set to a week or
more to reduce interferences that may occur due to the residuals of the previous dentifrice. All foods from the bedtime
of the day before to the experiment were controlled, as were
brushing and mouthwashing habits. The same soft toothbrush
and dentifrices were distributed to all the subjects, and the
amount of toothpaste was set to roughly one-third of the toothbrush head was squeezed deeply into the bristles. Teeth were
brushed using a rotating method for 3 minutes. Dental plaque
indices were determined before brushing, and 30 minutes and
3 hours after brushing.
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4. Evaluation of oral hygiene performance
Dental plaque abundance was evaluated using m-PHP
(modified patient hygiene performance) index devised by
Podshadley and Haley [19] in 1968. Each buccal and lingual
face of maxillary right first molar, maxillary right central incisor, maxillary left first molar, mandibular left first molar,
mandibular left central incisor, and mandibular right first molar was examined. To assess the debris on each surface, the examiner divided the tooth into five sections including the mesial, distal and middle thirds; the middle third was horizontally
subdivided into the gingival, middle and occlusal thirds. A
score of 1 is assigned when dental plaque is attached to each
part, and 0 for no debris; the dental plaque index per tooth
ranges from 0 to 5 points. The total scores of the six teeth vary
from the lowest 0 to the highest 60. At the same time, the dental plaque attachment rate (%) is calculated as (sum of debris
scores/60)×100, and m-PHP index, the modified oral hygiene
management index, is defined as (100-dental plaque attachment rate). The closer the oral hygiene management ability is
to 100, the better.

ing).
The result of the repeated measures analysis of variance of
m-PHP is presented in Figure 1. There was a significant difference between groups (F=14.582, p=0.000) and time
(F=474.233, p=0.000), but no difference between the two
groups over time (F=1.336, p=0.267). As the statistical difference between the experimental and positive control group on
pre-brushing was observed, the repeated measures co-ANOVA
with pre-brushing as the covariate was conducted and the outcome demonstrated significant increase between groups
(F=3.677, p=0.060) and time (F=165.167, p=0.000), with no
difference between time×group (F=0.124, p=0.726). As
shown in Figure 1, the experimental and control groups
showed constant changes.
ANOVA statistics with repeated measures for m-PHP indices before and 30 minutes after brushing are shown in Table
2. This table was due to showing a little reduction of m-PHP
index 3 hours after each experimental and control group
brushing as shown in Figure 1, which meant that the brushing
effects in the both groups were maintained for three hours.

5. Analysis method
The m-PHP indices were analyzed using a paired t-test and
repeated measures ANOVA with PASW Statistics for
Windows (ver. 18.0; IBM Corp., Armonk, NY, USA), and the
criterion for determining the statistical significance was set to
probability levels of 5%.

Results
As shown in Table 1, the mean pre-brushing m-PHP was
higher in the experimental group compared with the control
group (70.4±11.1 vs 60.8±1.8; p=0.000). Thirty minutes and
three hours after brushing, the m-PHP was also higher in the
experimental group compared with the control group
(90.6±8.1 vs 83.3±6.6 [p=0.000] at 30 minutes after brushing
and 88.6±8.8 vs 80.7± 6.7 [p=0.000] at three hours after brush-

Table 1. Mean modified patient hygiene performance (m-PHP) indices
of natural extracts and positive control group for pre-brushing, 30
minutes and 3 hours after brushing

Pre-brushing
30 min after
3 h after

Experimental

Control

t

p-value

70.4±11.1
90.6±8.1
88.6±8.8

60.8±11.8
83.3±6.6
80.7±6.7

4.470
4.943
5.065

0.000
0.000
0.000

Values are presented as mean±standard deviation.
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Figure 1. Mean and standard error graph of each modified patient
hygiene performance (m-PHP) index. Repeated measures ANOVA:
group (F=14.582, p=0.000), time (F=474.233, p=0.000),
time×group (F=1.336, p=0.267). Repeated measures co-ANOVA
(covariate: pre-brushing): group (F=3.677, p=0.060), time
(F=165.167, p=0.000), time×group (F=0.124, p=0.726).

Table 2. Repeated measures ANOVA results for modified patient
hygiene performance (m-PHP) indices before and 30 minutes after
brushing

Group
Time
Time×Group

F

p-value

13.615
503.538
1.583

0.000
0.000
0.213

Ji-Young Lee and Inchul Hwang：A Natural Extracts-Containing Toothpaste

There was a significant difference between experimental and
control groups (F=14.582, p=0.000) and also before and 30
minutes after brushing (F=474.233, p=0.000); no difference
between the groups with time (F=1.336, p=0.267).
The m-PHP index increased after 30 minutes and significantly decreased after 3 hours (F=474.233, p=0.000), and
there is no significant change between groups (F=14.582,
p=0.000), and between groups and time (F=1.336, p=0.267).

Discussion
The experimental toothpaste was prepared by combining a
dentifrice with a composition extracted from 31 natural substances to test the effect of this dentifrice on the oral environment management capability using m-PHP as a dental plaque
reduction index. A product with a high market share was included as a positive control and dental debris points were determined pre-brushing, 30 minutes post brushing, and 3 hours
post brushing.
The mean m-PHP indices of experimental and control
groups were 70.4±11.1 and 60.8±11.8 before brushing, 90.6±
8.1 and 83.3±6.6 thirty minutes after brushing, and 88.6±8.8
and 80.7±6.7 three hours after brushing, respectively. These
results indicate that the experimental toothpaste was significantly better at removing plaque compared with the marketed control product (p<0.001). The indices of both groups
increased 30 minutes after and then decreased significantly 3
hours after brushing; there was a significant difference between time (p <0.001) and group (p <0.001) and no significant
difference between group and time (p>0.05). These results
suggest that the effectiveness of this natural toothpaste to control plaque was similar to the commercial product. Overall, the
plaque reduction-capability of these two dentifrices was excellent 30 minutes after brushing; this effect lasted for three
hours. The plaque reduction-effect in the paired t-test 30 minutes after brushing with the natural extract-containing toothpaste was better than the commercial product (p<0.001).
Kwak [20] reported that a dentifrice containing resveratrol,
catechin, and baicalin—compounds known to be effective and
preventing caries and acting as anti-inflammatory agents—led
to a reduction in gingivitis and dental plaque. Jang [21] also
showed that the dental plaque index of a dentifrice containing
garlic extract decreased continuously up to 12 days after initiation and was slightly high 25 days after, however, these values were lower than that of the control group. In addition, Kim
[22] reported that a dentifrice containing ginger root extract
showed statistically significant improvement in oral status (as
assessed by the oral hygiene index and tongue fur index).
Thus, several dentifrices made with natural materials have

been shown effective at removing dental plaque; additional research is needed to confirm these findings, especially in light
of the safety profile (i.e., fewer side effects) of these natural
agents. The toothpaste developed in this study also demonstrated favorable effects on the oral environmental management ability, resulting in a decrease in dental plaque, compared to a commercial dentifrice. Therefore, the natural extract-containing dentifrice used in this study is capable of improving the oral environment when used as a dentifrice with
antibiotics and anti-halitosis effects as shown in a previous
study using the same natural extracts [17,18].

Conclusion
Extracts from thirty-one natural materials were formulated
into an arbitrarily prepared dentrifrice and compared with a
toothpaste with high market share (positive control) to characterize its ability to remove dental plaque. With these two toothpastes, the dental debris of 30 subjects was examined
pre-brushing, and 30 minutes and three hours after brushing.
The mean m-PHP index of the natural extract-containing
toothpaste was 90.6±8.1 half an hour minutes after brushing,
higher than 70.4±11.1 before tooth brushing, and almost
maintained at three hours after brushing (88.6±8.8). Those of
the control group were 83.3±6.6, 60.8±11.8, and 80.7±6.7, before brushing, 30 minutes and three hours after brushing
respectively. The natural extract-containing toothpaste was
more effective at reducing plaque compared with the commercial product. Both the natural extract-containing toothpaste
and the commercial product showed the highest dental plaque
removal capacity 30 minutes after brushing, with the former
superior to the latter.
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