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Abstract

Oxidative stress in the oral cavity, driven by an imbalance between free radicals and antioxidants, can lead to lipid
peroxidation, as reflected by elevated malondialdehyde (MDA) levels in saliva. Proper oral hygiene, such as
regular tooth brushing, is vital in mitigating oxidative damage. This study aimed to evaluate the effects of
rambutan honey toothpaste with a color indicator on reducing oxidative stress in the oral cavity by measuring
salivary MDA levels. This research was conducted using a laboratory experimental design, with saliva samples
collected from students at the Faculty of Dentistry, Universitas Jenderal Achmad Yani. Participants were assigned
to five groups: rambutan honey toothpaste with a color indicator (RHTCI), rambutan honey toothpaste without a
color indicator (RHT), color-indicated toothpaste without honey (TCI), base toothpaste (BT), and distilled water
(DW). The thiobarbituric acid reactive substances (TBARs) method was applied to assess MDA levels, and
statistical analysis was conducted using Kruskal-Wallis and Mann-Whitney tests. The results showed a significant
reduction in salivary MDA levels following the use of RHTCI (p = 0.0001). A notable difference was also found
between RHTCI and TCI (p = 0.001), while no significant difference was observed between RHTCI and RHT (p
=0.190). These findings suggest that rambutan honey toothpaste with a color indicator effectively reduces salivary
MDA levels, highlighting its potential antioxidant benefits.
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INTRODUCTION

Dental and oral health in Indonesia
demands focused attention from both
governmental initiatives and dental health

Inflammatory  processes  within
cells, coupled with the assault of free
radicals on the body, instigate lipid
peroxidation.>  Inflammatory  processes

practitioners through Basic Health Survey
(Riskesdas) findings, and caries prevalence
stands at 45.3%. Additionally, the
incidence of swollen gums, or abscesses,
has surged by 14% across Indonesia.! The
predominant oral health issue among the
populace remains tooth decay, closely
linked to fluctuations in saliva pH. This
interplay underscores the prevalence of
dental caries and periodontal diseases
within the Indonesian context.?

* Corresponding author, e-mail: ery.unjani@yahoo.co.id

within cells, coupled with assaults from free
radicals, instigate lipid peroxidation,
leading to an escalation in malondialdehyde
(MDA) levels.* When the production of
free radicals surpasses antioxidant defense
mechanisms, oxidative stress ensues,
manifesting as heightened lipid
peroxidation.® This imbalance disrupts the
equilibrium between free radical generation
and the antioxidant arsenal, giving rise to
reactive oxygen species (ROS) that inflict
cellular damage.®” This oxidative cascade
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perpetuates  within  cell ~membranes,
catalyzing the breakdown of fatty acid
chains and culminating in the generation of
various byproducts, including MDA.®
Elevated MDA concentrations signify
ongoing oxidative processes within cell
membranes, a state commonly reflected in
bodily fluids such as urine, blood, and
saliva.® Saliva plays a pivotal role in oral
tissue protection, offering mechanical
cleansing, plague reduction, dental
lubrication, inhibition of  microbial
colonization, bacterial activity, and
enzymatic digestion.'® Notably, saliva hosts
a reservoir of antioxidants, with enzymes
and uric acid constituting approximately
70% of its antioxidant content.!! These
antioxidant molecules serve as biochemical
sentinels, exerting a defensive shield
against oxidative insults. Honey emerges as
a potent antioxidant agent, harboring
flavonoids that combat free radicals and
facilitate cellular regeneration.'? Research
by Yuslianti et al. in 2015 underscored
honey's efficacy in mitigating oxidative
stress by harnessing its antioxidant
properties. In summary, the intricate
interplay between oxidative stress, saliva
composition, and antioxidant interventions,
such as honey, underscores the multifaceted
approach required to safeguard dental and
oral health within the Indonesian
populace.*®

Rambutan  honey  (Nephelium
lappaceum), found abundantly in
Indonesia, boasts a glucose content of 30%
along with a substantial presence of rutin
group flavonoid antioxidants and vitamin
C.1* Extensive research has validated its
commendable free radical scavenging
activity both in vitro and in vivo.®
Incorporating toothpaste into oral hygiene
practices is essential for maintaining dental
health, as it aids in teeth cleaning and
alleviating  bad  breath.  Typically,
toothpaste formulations comprise abrasive
cleaning agents, thickening agents,
humectants, surfactants, flavors, and
therapeutic agents.’® With technological
advancements and innovative

breakthroughs, toothpaste manufacturers
have ventured into incorporating additional
ingredients aimed at enhancing properties.
Herbal toothpaste, featuring safe and
comfortable ingredients with minimal side
effects, has gained prominence. Notably,
herbal formulations, such as those
containing rambutan honey, have shown
potential in reducing salivary MDA levels,
owing to the antioxidant properties inherent
in rambutan honey.2 Furthermore, the
inclusion of coloring agents in toothpaste
formulations has garnered attention.!’
Dragon fruit (Hylocereus costaricensis), a
commonly cultivated fruit plant in
Indonesia, offers anthocyanin-rich extracts
from its peel. Anthocyanins, belonging to
the flavonoid family, exhibit water-soluble
properties and impart a red hue. Their
characteristic of undergoing color changes
at different pH levels renders them suitable
as indicators for acid-base titrations.*®
Therefore, researchers are intrigued
by the prospect of exploring the effects of
applying color-indicated rambutan honey
toothpaste on salivary MDA levels. Such
formulations, derived from natural
ingredients known for their beneficial
properties, not only contribute to overall
bodily health but also offer the potential to
reduce salivary MDA levels through the
antioxidant effects of rambutan honey.!

MATERIALS AND METHODS

This study employed an analytical
quasi-experimental design, utilizing a pre-
and post-test framework with a control
group. A group of 20 subjects meeting
specific inclusion and exclusion criteria
was selected. Inclusion criteria
encompassed individuals aged 18-25, of
any gender, willing to provide informed
consent, possessing a healthy oral cavity
and saliva, free from caries, and enrolled as
students at the Faculty of Dentistry,
Universitas Jenderal Achmad Yani, within
the classes of 2020 to 2023. Exclusion
criteria included subjects with systemic
conditions that could alter saliva
composition, such as Sjogren's syndrome,
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diabetes, or autoimmune diseases, subjects
utilizing fixed or removable orthodontic
devices or prostheses, exhibiting crowded
teeth, undergoing antibiotic treatment or
mouthwash use during the study,
possessing a smoking habit, or having
allergies to rambutan honey and dragon
fruit. Allergies to dragon fruit are
considered an exclusion criterion in this
study to prevent potential allergic reactions
or adverse effects that could compromise
the health and safety of participants. Since
dragon fruit may be used as a component or
ingredient in the study, individuals with
known allergies could experience allergic
symptoms, which might confound the
study's results by introducing unrelated
health issues. Additionally, allergic
reactions could interfere with the
participant's oral and systemic health,
which may skew the study outcomes related
to the oral cavity and saliva being analyzed.
Respondents who are allergic to
rambutan honey or super red dragon fruit
may experience an allergic reaction when
using toothpaste that contains these
ingredients. This allergic reaction can
disturb the comfort and health of
respondents and will hinder research
because respondents cannot be continued or
must be replaced with new respondents.
Therefore, respondents who have allergies
to rambutan honey and super red dragon
fruit are included in the exclusion criteria.

Subjects Preparation

A total of 20 subjects, meeting
specific inclusion and exclusion criteria,
were recruited from the Faculty of
Dentistry, Universitas Jenderal Achmad
Yani, focusing on students from the 2020 to
2023 classes. Recruitment began with
information sessions where interested
students learned about the study’s purpose,
procedures, and potential benefits and risks.
Volunteers then completed an initial
questionnaire assessing their eligibility
based on oral health, habits, and systemic
conditions  affecting  saliva.  Those
preliminarily eligible underwent a final oral

examination to confirm they met all criteria,
including a healthy oral cavity and absence
of orthodontic devices. Eligible students
provided informed consent and were
randomly assigned to one of five treatment
groups, each group using a different
brushing regimen: color-indicated
rambutan honey toothpaste, rambutan
honey toothpaste without color indication,
color-indicated toothpaste without honey,
base toothpaste, or aquadest (distilled
water), ensuring unbiased group allocation.
A questionnaire administered via Google
Form aided in subject selection, followed
by offline verification at the Integrated
Dentistry Laboratory, Faculty of Dentistry,
Universitas  Jenderal Achmad Yani.
Informed consent forms were obtained
from willing participants.

Toothpaste Preparation

The production  process for
rambutan honey toothpaste with color
indication involves freeze-drying the skin
of super red dragon fruit, which will be used
as a natural coloring agent and
standardization of rambutan honey.
Standardization  begins by  heating
rambutan honey in a sterile glass via a water
heater for 24 hours to reduce the water
content. Standardized rambutan honey is
combined with super red dragon fruit skin,
which has gone through the freeze-drying
stage and is then processed into herbal
toothpaste  in  the  pharmaceutical
technology laboratory.

Saliva Preparation

Saliva samples were collected from
20 participants in the morning to minimize
circadian variation in antioxidant levels.
Before collection, participants  were
instructed to rinse their mouths with
distilled water and wait for 5 minutes to
clear any food residue or recent
contamination. Unstimulated whole saliva
was collected by passive drool, where
participants allowed saliva to accumulate
on the floor of the mouth and then drooled
into a sterile collection tube without
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chewing or swallowing. This method
avoids introducing additional variability
caused by stimulation. The samples were
collected in sterile 15 mL conical tubes and
immediately placed on ice to preserve
MDA stability. Within 30 minutes of
collection, the samples were transferred to
a laboratory for processing. Samples were
centrifuged at 3000 rpm for 10 minutes at
4°C to remove debris and cells. The
supernatant was then aliquoted into clean
microcentrifuge tubes and stored at -80°C
until further analysis.

MDA Level Examination (The TBARs
Assay)

The TBARs assay was performed to
measure malondialdehyde (MDA) levels as
an indicator of lipid peroxidation. First, 0.5
mL of saliva was mixed with 0.5 mL of
30% trichloroacetic acid (TCA) to
precipitate proteins, followed by the
addition of 0.5 mL of 0.75% thiobarbituric
acid (TBA). The mixture was heated in a
boiling water bath at 100°C for 10 minutes
to form the MDA-TBA complex, then
immediately cooled in an ice bath. The
samples were centrifuged at 3000 rpm for
10 minutes at 4°C, and the supernatant was
collected. The absorbance of the
supernatant was measured at 532 nm using
a  spectrophotometer, with MDA
concentrations calculated based on a
standard curve generated from known
MDA concentrations.

Subjects brushed their teeth with the
designated toothpaste twice daily (morning
and night), employing the Bass technique.
Post-test saliva collection occurred in the
morning prior to food or beverage intake
(excluding water) and was timed
meticulously. Twenty participants were

instructed to brush their teeth with a
different toothpaste each day, with a 24-
hour washout period between treatments to
prevent carryover effects. On day one,
participants brushed with color-indicated
rambutan honey toothpaste; on day two,
with rambutan honey toothpaste; on day
three, with color-indicated toothpaste
without honey; and on day four, with basic
toothpaste. Saliva samples were collected
after each brushing session, immediately
stored at -18°C, and preserved until
analysis. This washout interval ensured that
the impact of each toothpaste on oxidative
stress markers in saliva was measured
independently. Before the research was
carried out, the samples were taken out of
the refrigerator and waited for 1 hour until
the samples melted. Then, the research was
carried out at the Biochemistry Laboratory
of the Medicine and the Unjani Pharmacy
Laboratory for 4 days with 25 samples per
day.

The research was conducted at the
Oral Biology Laboratory, Faculty of
Dentistry, Universitas Jenderal Achmad
Yani, and the Faculty of Pharmacy,
Universitas Jenderal Achmad Yani, with
ethical clearance obtained (Ethical Letter
Number: 1424/UN6.KEP/EC/2023).

Data analysis entailed descriptive
analysis to illustrate pre- and post-treatment
scores, followed by normality and
homogeneity tests (Shapiro-Wilks and
Levene, respectively). The Kruskal-Wallis
non-parametric test assessed the impact of
color-indicated rambutan honey toothpaste,
followed by post hoc Mann-Whitney
analysis.

The procedure in this research can
be seen in Figure 1.
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Figure 1. Research procedure. (a. selection of respondents, b. supervision of toothbrushes, c.
research, d. rambutan honey toothpaste super red dragon fruit color indicator)

Statistical Analysis

Data from the TBARs assay were
analyzed using appropriate statistical tests
(Kruskal-Wallis and Mann-Whitney tests)
to determine the significance of differences
in MDA levels across treatment groups.
Statistical significance was set at p < 0.05
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RESULT

Figure 1 illustrates the impact of
rambutan honey toothpaste on salivary
malondialdehyde (MDA) levels, as
reflected by the mean values for each
treatment group.

0.02

Aquadest

Figure 2. This diagram illustrates the effect of applying color-indicated rambutan honey
toothpaste on salivary malondialdehyde (MDA) levels across different treatment groups:
rambutan honey toothpaste with a color indicator (RHTCI), rambutan honey toothpaste

(RHT), toothpaste with a color indicator (TCI), base toothpaste (BT), and distilled water.
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Figure 2 illustrates that within the
RHTCI group, the mean salivary
malondialdehyde level was notably low at
0.03 mg/dl. Statistical analysis employed
the Kruskal-Wallis test due to the non-
normal  distribution and lack  of

homogeneity in the data. The results
yielded a p-value of less than 0.05,
indicating a significant effect of RHTCI on
reducing salivary malondialdehyde levels,
as summarized in Table 1.

Table 1. Effect of RHTCI application on salivary malondialdehyde levels.

Test Group n Average +SD P value
RHTCI 40 0.03+0.017
RHT 40 0.05+0.040
TCI 40 0.08+0.061 0.0001
BT 40 0.02+0.156
Aguadest 40 0.02+0.002
Table 2. Test results differ in the influence of RHTCI, RHT, TCI, and BT.
Group Aguadest RHTCI RHT TCI BT
Aquadest
RHTCI 0.036*
RHT 0.115 0.190
TCI 0.0001* 0.001* 0.031*
BT 0.0001* 0.0001* 0.004* 0.0001*

Note: Mann-Whitney test. p < 0.05 (significant)

RHTCI: Rambutan Honey Toothpaste with Color Indicator, RHT: Rambutan Honey
Toothpaste, TCI: Toothpaste with Color Indicator, BT: Base Toothpaste

Table 1 presents the outcomes of
statistical tests conducted within the
research group. The p-value for the variable
of saliva MDA examination exceeded 0.05
(p > 0.05), indicating nonsignificance.
Thus, it can be elucidated that there exists
no significant disparity in mean salivary
MDA levels between the RHTCI group
compared to RHT (p = 0.190) and between
RHT and distilled water (p = 0.115).

Conversely, the results of the saliva
MDA examination yielded p-values below
0.05 (p < 0.05), signifying significance.
Hence, it can be deduced that a notable
mean difference exists between various
comparisons, including the RHTCI groups
compared to TCI, RHTCI compared to BT,
RHTCI compared with distilled water,
RHT compared with TCI, RHT compared
with BT, TCI compared with BT, RHTCI
compared with distilled water, and BT
compared with distilled water.

DISCUSSION

Rambutan honey is renowned for its
rich composition, comprising a 30%
glucose content, notable levels of rutin
group flavonoid antioxidants, and vitamin
C. Its efficacy in scavenging free radicals
has been corroborated through both in vitro
and in vivo studies.®® Antioxidants,
typically administered orally through food
or supplements, can also be topically
applied in  formulations such as
mouthwashes, gels, and pastes. The
bioactive compounds present in rambutan
honey possess the ability to inhibit free
radical activity and shield cells from
oxidative damage.!

Free radicals, characterized by one
or more unpaired electrons, result from
oxidation reactions and ROS. These entities
instigate lipid peroxidation, generating
reactive lipid aldehydes, notably MDA,
which exert toxic effects and cause cellular
damage.l® MDA levels serve as pivotal
biomarkers for assessing lipid peroxidation,
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with elevated concentrations indicating
heightened oxidative stress.  Factors
contributing to increased MDA levels
include exposure to air pollution, smoking,
poor dietary habits, and chronic stress.
Notably, MDA levels can be gauged in
various bodily tissues or fluids, including
saliva.lt?0

Rambutan honey, utilized in herbal
toothpaste formulations, exhibits a capacity
to reduce salivary MDA levels and thereby
mitigate free radical activity. Factors
influencing the antioxidant potential of
rambutan honey encompass its high sugar
and low water content, pH level,
methylglyoxal (MGO), as well as the
presence of  flavonoids, phenolics,
polyphenols, glycosides, and hydrogen
peroxide. The primary function of
antioxidants lies in inhibiting lipid
oxidation.!

Previous research highlighted the
neutral pH value of rambutan honey
toothpaste, like the pH of the oral cavity,
thus enhancing its antioxidant properties.
Clinical trials have elucidated the safety
and efficacy of bee-based products,
including toothpaste, mouthwash, and
chewing gum, in ameliorating various oral
ailments.?>  Moreover, color-indicated
rambutan honey toothpaste, incorporating
super red dragon fruit skin as a coloring
agent, capitalizes on the anthocyanin-rich
composition  of the  fruit  peel.
Anthocyanins, renowned for their pH-
sensitive color-changing properties, serve
as effective indicators for monitoring oral
hygiene practices, as evidenced by
Purbaningtyas 2020 study showcasing the
efficacy of super red dragon fruit peel
mucoadhesive gel in dental plague
staining.?

The antioxidant capacity within
individual oral environments varies, with
oxidative stress ensuing when the balance
between  oxidative and antioxidant
mechanisms is disrupted. Reacting with
antioxidants, free radicals undergo electron
transfer, thereby attenuating  bodily
damage. The anthocyanin-rich skin of super

red dragon fruit, boasting antimicrobial
properties and vivid pigmentation, emerges
as a promising coloring agent for dental
applications.?3%

Research endeavors focusing on
toothpaste  formulations  incorporating
rambutan honey and freeze-dried super red
dragon fruit as color indicators underscore
their potential in reducing free radicals, as
evidenced by assessments of MDA levels in
saliva.?!

Based on the outcomes of the
Kruskal-Wallis non-parametric statistical
analysis, it is evident that the utilization of
RHTCI, RHT, TCI, and BT exerts a
statistically ~ significant influence on
reducing salivary malondialdehyde (MDA)
levels. This underscores the efficacy of
color-indicated rambutan honey toothpaste
in MDA reduction, aligning with findings
from prior research, such as Yuslianti et
al.'s 2015 study, which highlighted the
antioxidant properties of honey and its
potential to mitigate MDA levels.™

Among the treatment groups, the
TCl group exhibited the highest mean
MDA level at 0.08 mg/dl, while the lowest
mean was observed in the color-indicated
rambutan honey toothpaste group at 0.03
mg/dl. MDA absorbance measurements
were conducted using the TBARS
spectrophotometry method, wherein MDA
molecules react with thiobarbituric acid
(TBA) to produce a pink color. The
intensity of this color correlates with MDA
levels, with darker hues indicating higher
concentrations. Notably, the composition of
TCI, derived from dried super red dragon
fruit skin, imparts a red pigment, leading to
pink staining during the TBARS method,
consistent with MDA measurement.

This research demonstrates the
significant impact of RHTCI, RHT, TCI,
and BT on reducing salivary MDA levels.
Specifically, a notable difference was
observed in the comparison between
RHTCI and TCI, signifying the superior
efficacy of color-indicated rambutan honey
toothpaste.  Conversely,  comparisons
between RHTCI and RHT, as well as with
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distilled water, did not yield significant
differences. Consequently, it can be
inferred that the application of color-
indicated rambutan honey toothpaste
effectively reduces MDA levels, with
superior potential compared to RHT, TCl,
and BT formulations.?®

CONCLUSION

Based on the research findings and
subsequent data analysis, it is evident that
the application of rambutan honey
toothpaste color indicator (RHTCI) exerts a
discernible  influence on  salivary
malondialdehyde (MDA) levels.
Furthermore, compared to rambutan honey
toothpaste (RHT), toothpaste with a color
indicator (TCI), and base toothpaste (BT),
rambutan honey toothpaste color indicator
(RHTCI) demonstrates a notably greater
impact on reducing salivary
malondialdehyde levels.
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