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Research article

The effect of toothpaste containing gambier
(Uncaria gambir Roxb.) 10% extract on decreasing
dental plaque index: an experimental study

ABSTRACT

Introduction: Dental plaque is a major etiological factor in various oral diseases, including dental caries and
periodontitis, which are highly prevalent in Indonesia. Toothbrushing can reduce dental plaque accumulation through
mechanical and chemical mechanisms. Gambier (Uncaria gambir Roxb.) has potential as an antibacterial agent in
toothpaste because it contains catechins and tannins, which exhibit bacteriolytic and bacteriostatic activities. This
study aimed to determine the effect of toothpaste containing 10% gambier (Uncaria gambir Roxb.) extract on the
dental plaque index. Methods: This experimental study employed a pretest-posttest control group design and was
conducted from January to March 2023. Sixty dental students from Sriwijaya University participated. The subjects
were divided into two groups: a gambier toothpaste group and a fluoride toothpaste control group, with 30 subjects
in each group. The subjects underwent a 21-day toothbrushing adaptation period using the Bass technique, after
which the pretest plaque index was measured. Subjects then brushed their teeth for 2 minutes with either gambier
toothpaste or fluoride toothpaste and fasted for 4 hours before the posttest plaque index was measured. The plaque
index was assessed using the Turesky modification of the Quigley-Hein Plaque Index. We analyzed the data using
paired and independent t-tests. Result: Both groups showed a significant reduction in the dental plaque index (p <
0.05). The mean difference between the pretest and posttest plaque indices was 0.677 in the 10% gambier extract
toothpaste group and 0.270 in the fluoride toothpaste control group. The reduction in the dental plaque index was
significantly greater in the gambier toothpaste group than in the fluoride toothpaste control group (p < 0.05).
Conclusion: Toothpaste containing 10% gambier (Uncaria gambir Roxb.) extract significantly reduced the dental
plaque index and demonstrated greater plaque-reducing effectiveness than the fluoride toothpaste used as the
control.
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Efek penggunaan pasta gigi ekstrak Gambir (Uncaria
gambir Roxb.) 10% terhadap penurunan indeks plak gigi:
studi eksperimental

ABSTRAK

Pendahuluan: Plak gigi merupakan penyebab utama berbagai penyakit rongga mulut, seperti karies dan
periodontitis, yang merupakan penyakit rongga mulut dengan prevalensi tertinggi di Indonesia. Menyikat gigi
dengan pasta gigi dapat mengurangi akumulasi plak gigi melalui metode mekanis dan kimiawi. Gambir (Uncaria
gambir Roxb.) berpotensi sebagai antibakteri pada pasta gigi karena memiliki kandungan utama katekin dan tanin,
yang bersifat bakteriolisis dan bakteriostatik. Penelitian ini bertujuan untuk menganalisis efek penggunaan pasta gigi
ekstrak gambir (Uncaria gambir Roxb.) 10% terhadap penurunan indeks plak gigi. Metode: Penelitian eksperimental
dengan desain pretest-postest with control group, dilaksanakan bulan Januari — Maret 2023, dengan subjek
sebanyak 60 orang mahasiswa Kedokteran Gigi Universitas Sriwijaya. Subjek dibagi menjadi 2 kelompok, yaitu
kelompok pasta gigi gambir dan kelompok kontrol fluoride, dengan subjek sebanyak 30 orang untuk tiap kelompok.
Subjek melakukan adaptasi cara menyikat gigi menggunakan teknik Bass selama 21 hari, lalu dilakukan pengukuran
skor indeks plak pretest. Subjek menyikat gigi selama 2 menit menggunakan pasta gigi ekstrak gambir 10% atau
fluoride, lalu berpuasa selama 4 jam sebelum dilakukan pengukuran skor indeks plak posttest. Skor indeks plak
diukur menggunakan indeks plak Turesky-Glimore-Glickman modifikasi Quigley-Hein, dengan analisis data
menggunakan uji t-test berpasangan & tidak berpasangan Hasil: Terdapat penurunan indeks plak gigi (p<0,05)
pada kedua kelompok, dengan rerata penurunan 0,677 untuk kelompok pasta gigi gambir, dan 0,27 untuk kelompok
pasta gigi kontrol fluoride. Penurunan indeks plak gigi pada kelompok pasta gigi gambir lebih besar dibandingkan
dengan kelompok kontrol fluoride. Simpulan: Pasta gigi ekstrak gambir (Uncaria gambir Roxb.) 10% dapat
menurunkan indeks plak gigi.

Kata kunci

Gambir, indeks plak, pasta gigi
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INTRODUCTION

Dental plaque is an accumulation of various microorganisms that adhere to the
tooth surface.1 Plaque accumulation can hinder the neutralization of the oral cavity by
saliva, resulting in an acidic pH.'? Under acidic oral conditions, plaque bacteria can
colonize more readily, resulting in tooth demineralization, which is an indicator of dental
caries. In addition to causing dental caries, plaque accumulation can also contribute to
halitosis, or bad breath. This occurs because plaque bacteria produce volatile sulfur
compounds (VSCs), which emit an unpleasant odor even at low concentrations.® Plague
bacteria, such as Porphyromonas gingivalis, Prevotella intermedia, and Fusobacterium
nucleatum, also produce metabolites that trigger inflammation, leading to gingivitis. If
left untreated, gingivitis can progress to periodontitis.”

The 2018 Basic Health Research (RISKESDAS) reported that the prevalence of
dental caries and periodontitis in Indonesia remained high, at 88.8% and 74.1%,
respectively.” Preventive measures are therefore necessary to reduce this prevalence by
limiting plaque formation, which is a primary etiological factor in these diseases. One
effective way to prevent plaque accumulation is toothbrushing with toothpaste, as
toothpaste contains antibacterial agents that can inhibit the growth of plaque-associated
bacteria.

These antibacterial agents can come from herbal or non-herbal sources. Several
studies report that non-herbal agents, such as triclosan, may cause adverse effects,
including oral cavity irritation, altered taste perception, and reduced salivary flow
rates.®'® According to Wulandari et al., herbal toothpaste provides an alternative
approach for reducing plague accumulation and is considered safe because it contains
natural ingredients.* One herbal ingredient with antibacterial properties is gambier.***3

Various studies have demonstrated gambier's antibacterial effects.®*!> Research
by Achmad et al. indicated that gambier effectively inhibited several microorganisms,
including Streptococcus mutans, Staphylococcus aureus, Escherichia coli, and Candida
albicans.* In their study, Dewi et al. reported that gambier extracts at concentrations of
10%, 15%, and 20% were effective in reducing bacterial colony counts in gingival
wounds of Wistar rats.!®

A study by Apriliati et al. reported that toothpaste containing gambier extract
reduced dental plaque in a sample of 33 individuals undergoing fixed orthodontic
treatment.'” Consistent with these findings, Nurhayati et al. reported that toothpaste
supplemented with 5% gambier catechins reduced the dental plaque index in a study
involving 44 participants.'®

Although gambier's antibacterial potential has been widely reported, most studies
have focused on in vitro testing. Meanwhile, clinical studies remain limited in both
number and population scope. Some studies have involved specific populations, such as
patients undergoing fixed orthodontic treatment, so their findings cannot yet be fully
generalized to the broader population.

Furthermore, research on the effectiveness of toothpaste containing 10% gambir
extract in reducing the dental plaque index remains very limited. Therefore, this study
aimed to provide clinical evidence on the effectiveness of toothpaste containing 10%
gambir (Uncaria gambir Roxb.) extract in reducing the dental plaque index. The study
also aimed to provide additional clinical evidence supporting gambir's potential as a safe
and effective herbal antibacterial agent for preventing dental plaque accumulation.

Based on this background, the present study provides a novel contribution by
clinically evaluating the effectiveness of toothpaste containing 10% gambir (Uncaria
gambir Roxb.) extract in reducing the dental plaque index in a general population,
thereby providing a scientific basis for the potential use of gambir as herbal antibacterial
agent for dental plaque prevention.
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METHOD

This study used an experimental pretest—posttest design with a control group. It
was conducted from late January to March 2023. The study sample consisted of 60
dentistry students from Sriwijaya University. The sample size was determined based on
statistical considerations, with a minimum of 30 participants per group considered
adequate to obtain stable estimates and approximate a normal distribution.

Participants were selected based on the following inclusion criteria: third- or
fourth-year dentistry students at Sriwijaya University; aged 20-23 years; willing to
participate; physically and mentally healthy; having a Turesky plaque index ranging from
moderate to poor; and being caries-free or having caries limited to the enamel. Exclusion
criteria included undergoing orthodontic treatment; smoking or consuming alcohol; being
uncooperative; having an allergy to herbal products; consuming food or beverages within
4 hours before posttest data collection; fasting; or having severe dental crowding, as
determined through questionnaires and clinical examinations.

Participants who met the eligibility criteria signed an informed consent form. They
were then randomly assigned to one of two groups: a treatment group that brushed with
gambir (pale catechu) toothpaste and a control group that brushed with fluoride
toothpaste. We assigned groups using simple randomization and a single-masked
method.

Before the intervention, participants received instruction on the Bass toothbrushing
technique and practiced it for 21 days. We selected these 21 days to allow participants to
adapt to the correct toothbrushing technique. The operator taught the Bass technique
through direct instruction and by showing the same instructional video to all participants.
Subsequently, each participant was required to demonstrate the technique until their
performance was considered consistent with the established procedure. Over the 21
days, the researcher monitored participant compliance through periodic reminders.

The researcher prepared the gambir toothpaste after preparing the gambir extract.
The Soxhlet method was used for extraction. A total of 60 g of gambir powder, which
had been sieved through a 40-60 mesh sieve, was placed into the Soxhlet extraction
chamber. The apparatus was filled with 300 mL of 96% ethanol and heated for 7 hours
until the solvent became clear. The resulting solution was subsequently evaporated to
obtain a 100% gambir extract, which was then diluted to obtain a 10% gambir extract.

After the 10% gambir extract had been obtained, the toothpaste was prepared as
follows: (1) Na-CMC was mixed with hot water to prepare Mass 1; (2) sodium
bicarbonate, sodium benzoate, and glycerin were mixed until homogeneous to prepare
Mass 2; (3) Mass 1 and Mass 2 were combined and stirred until homogeneous, followed
by the addition of saccharin and distilled water; (4) SLS was added to the mixture,
followed by either the 10% gambir extract or fluoride, depending on the intended
toothpaste formulation; and (5) the resulting mixture was homogenized, subjected to a
homogeneity test, and packaged in identical containers labeled with codes known only to
the researchers to distinguish between the gambir toothpaste and fluoride
toothpaste. 2

We conducted a homogeneity test by spreading the paste onto a glass slab. The
paste was considered homogeneous if no coarse granules were observed during the
examination. All ingredients used in the formulation of the 10% Uncaria gambir Roxb.
extract toothpaste was of toothpaste-grade or food-grade quality.

Dental plaque index measurements were performed directly by a single examiner
using the Turesky-Gilmore-Glickman modification of the Quigley-Hein plaque index. A
disclosing agent was applied to the facial and lingual surfaces of all teeth, after which
each surface was scored on a scale of 0 to 5 according to the specified index criteria.
After scoring all tooth surfaces, the dental plaque index was calculated by summing the
total scores and dividing by the number of surfaces examined. The resulting scores were
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then interpreted according to the criteria of the Turesky-Gilmore-Glickman maodification
of the Quigley-Hein plaque index.

Data analysis included the Kolmogorov-Smirnov normality test and Levene's
homogeneity test for univariate analysis, as well as paired and unpaired t-tests for
bivariate analysis.

Results

We randomly assigned 60 participants who met the inclusion and exclusion criteria
to two equal-sized groups using simple randomization: the 10% gambir extract
toothpaste group (n=30) and the fluoride toothpaste group (n=30). Regarding age
distribution, the gambir extract toothpaste group was predominantly composed of
participants aged 20 years (60.0%), whereas the fluoride toothpaste group was
predominantly composed of participants aged 18 years (40.0%). In addition, most
participants in both groups were female.

Table 1. Distribution of the characteristics of the study subjects according to treatment

Gender Age
Toothpaste Male Female 19 20 21 22
Gambir 3 27 3 18 9 0
Fluoride 0 30 12 10 8
Total 3 57 15 28 9 8

Kolmogorov-Smirnov normality tests showed that the pretest data (p=0.066),
posttest data (p=0.200), and differences in plaque index scores (p=0.200) all had
p-values>0.05, indicating normally distributed data. Furthermore, Levene’s test showed
p=0.067 for the pretest data, p=0.486 for the posttest data, and p=0.196 for the
differences in plaque index scores (all p>0.05), indicating homogeneous variances
between groups. The results of these two tests are presented in Tables 1 and 2.

Table 2. Results of the Kolmogorov—Smirnov and Levene’s normality and homogeneity tests for pretest,
posttest, and changes in dental plaque index in the Gambir toothpaste and fluoride toothpaste

groups

Toothpaste n Mean SD p-value Asymp. Sig.
Pretest 60 1.52307 0.404509 0.066
Posttest 60 1.04925 0.324299 >0.05 0.200
Change 60 0.47382 0.362040 0.200

Table 3. Results of Levene’s homogeneity test for pretest, posttest, and changes in dental plaque index in the
Gambir toothpaste and fluoride toothpaste groups

Toothpaste Mean Median SIG p-value
Pretest 3.479 3.322 0.67
Posttest  0.492 0.431 0.486 >0.05
Change 1.709 1.786 0.196

Bivariate analysis using a paired t-test to compare mean pre-test and post-test
plague index scores yielded a p-value<0.05 for both groups, indicating a significant
difference between mean pre-test and post-test plaque index scores. Table 2 presents
the paired t-test results.
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Table 4. Results of the paired t-test comparing pretest and posttest dental plaque index in the Gambir
toothpaste and fluoride toothpaste groups

Toothpaste n Min-Max Mean SD p-value
Gambir Pretest 30 1.011-2.874 1.62 0.472
Posttest 30 0.285-1.785  0.943 0.346 <0.05
Fluoride Pretest 30 1.003-2.234 1.425 0.299 <0.05
Posttest 30 0.642-1.714  1.155 0.265
DISCUSSION

Maintaining oral hygiene through regular toothbrushing with toothpaste helps
prevent various oral diseases caused by dental plaque. In addition to the mechanical
action of toothbrushing, plaque accumulation can also be reduced through the chemical
effects of the active ingredients contained in toothpaste.

In this study, we assessed the effect of toothpaste use on the dental plaque index
by comparing pretest and posttest plague index scores. We considered toothpaste use to
affect the dental plaque index when we observed a statistically significant difference (p <
0.05) between pretest and posttest scores.!® According to Sugiyono, studies using a
pretest—posttest control group design yield more accurate results than other study
designs because this design allows baseline values to be determined before the
intervention, enabling comparison with post-intervention values and helping to determine
whether the observed differences resulted from the intervention itself.'

The results indicated that both 10% gambir extract (Uncaria gambir Roxb.)
toothpaste and fluoride toothpaste reduced the dental plaque index. The effect observed
with gambir toothpaste was consistent with the study by Apriliati et al., which involved
33 Faculty of Dentistry students at Universitas Airlangga who wore fixed orthodontic
appliances. The study reported that, after using gambir toothpaste, 63.6% of subjects
had a plaque index in the "low" category.'” Similarly, in the present study, 76.6% of the
subjects showed an improvement in their mean dental plaque index from the "moderate"
category to the "low" category after using gambir toothpaste.

A higher proportion of subjects in the present study experienced a reduction in the
dental plaque index compared with the study by Apriliati et al., possibly because the
subjects in the latter study wore fixed orthodontic appliances. Fixed orthodontic
appliances consist of various components, such as brackets and wires, with complex
structures that can increase the risk of plaque accumulation and make plaque removal
more difficult.?> Gambir may reduce the dental plaque index because it contains key
compounds, particularly catechins and tannins, which inhibit the growth and proliferation
of plaque-associated bacteria.®'>** Catechins act as antibacterial agents by inhibiting the
enzyme glucosyltransferase, thereby suppressing extracellular polysaccharide formation.
Reduced glucan production inhibits bacterial adhesion to tooth surfaces, thereby
preventing bacterial colonization and limiting nutrient acquisition.!*!>!2° In addition,
catechins can alter bacterial membrane permeability, leading to bacteriolysis.'*!® Another
antibacterial component found in gambir is tannin. Tannins can interact with bacterial
proteins and cell components, disrupting the structure and integrity of the bacterial cell
membrane and ultimately causing bacteriolysis.'®12?

Paired t-test results comparing the pretest and posttest values for the fluoride
toothpaste group showed a significant difference (p<0.05), with a plaque index
reduction of 0.27. Fluoride toothpaste can reduce the dental plague index because
fluoride exhibits antibacterial properties. It can be converted into hydrated fluoride,
which penetrates bacterial cells and causes cytoplasmic acidification.? These findings
were supported by research conducted by Anggina and Ramayati, who reported that the
use of fluoride toothpaste, despite lacking herbal ingredients, could reduce the dental
plaque index.*
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Data analysis using an unpaired t-test of plaque index reduction values in each
group revealed a significant difference between the 10% gambir toothpaste and fluoride
toothpaste groups in plaque index reduction. The 10% gambir toothpaste showed a
greater mean difference between pretest and posttest plaque index scores than fluoride
toothpaste (p<0.05). This finding indicated that 10% gambir extract toothpaste was
more effective than fluoride toothpaste in reducing the dental plaque index. These
results were consistent with a study by Nurhayati et al., which reported that gambir
toothpaste among 44 subjects reduced the dental plaque index more effectively than the
control toothpaste.'*

The difference between the pretest and posttest plaque index scores in the fluoride
toothpaste group was smaller than that observed in the gambir toothpaste group. This
may have occurred because fluoride's antibacterial activity is more effective against
Gram-negative bacteria, such as Escherichia coli, Actinobacillus actinomycetemcomitans,
and Porphyromonas gingivalis, than against Gram-positive bacteria, such as
Streptococcus mutans and Streptococcus salivarius, particularly under low-pH
conditions.>>® During the initial phase of plaque formation, aerobic Gram-positive
species such as Streptococcus oralis, Streptococcus mutans, and Streptococcus salivarius
predominate. In contrast, anaerobic Gram-negative bacteria generally appear later
during the bacterial co-aggregation phase or secondary colonization.?

According to SNI 8861-2020, toothpaste is considered compliant with the
Indonesian National Standard (SNI) if it meets specific requirements for pH, heavy metal
contamination, microbial contamination, free fluoride, free formaldehyde, homogeneity,
organoleptic properties, and sucrose content.’® In this study, testing was limited to
homogeneity, organoleptic properties, and pH because the equipment and materials
required for the other tests were not available at the research site.

One observation regarding the use of 10% gambir (pale catechu) toothpaste was
that some subjects reported a slightly bitter taste, which made it somewhat
uncomfortable to use. This bitterness may have resulted from the gambir content,
particularly catechu tannate, which can impart a bitter taste when heated or combined
with alkaline compounds. Because this study did not incorporate additional flavoring or
sweetening agents, the catechu tannate's bitterness remained pronounced, causing
discomfort for some participants.

Using 10% gambir toothpaste reduced the dental plaque index, as shown by the
difference between pretest and posttest scores. These findings indicate that 10% gambir
toothpaste has potential as an herbal-based alternative to conventional toothpaste. A
limitation of this study was that the toothpaste had not yet been fully evaluated
according to the Indonesian National Standard (SNI) quality requirements. Therefore,
further testing in accordance with SNI 8861-2020 is needed to ensure product quality
and support the development of a more effective, user-friendly formulation. This study
may serve as a basis for future research to develop and optimize gambir toothpaste
further.

CONCLUSION

Both 10% Uncaria gambir Roxb. (gambir) toothpaste and fluoride toothpaste were
effective in reducing the dental plaque index (p<0.05). However, 10% Uncaria gambir
Roxb. toothpaste demonstrated a greater reduction in the plaque index than fluoride
toothpaste, indicating greater effectiveness in reducing dental plaque. These findings
suggest that gambir has potential as an herbal antibacterial agent for use in toothpaste.
Further development is needed to ensure compliance with the SNI 8861-2020 quality
standards and to improve the formulation's organoleptic properties, thereby producing a
more effective and user-friendly toothpaste.
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