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Abstract

Introduction: Monosodium glutamate (MSG) is extensively used in processed foods to enhance umami flavor, and its lingering pres-
ence in the oral cavity may influence salivary composition and microbial activity.

Materials and methods: This pilot cross-sectional observational study was conducted at the Dental Institute, between March 2025 and
April 2025. Twenty healthy participants aged 18-35 years were recruited using convenience random sampling. Unstimulated whole
saliva samples were collected under standardized conditions, and salivary monosodium glutamate levels were quantified using a deri-
vatization-based high-performance liquid chromatography (HPLC) method. Dental caries experience was assessed clinically using the
Decayed, Missing, and Filled Teeth (DMFT) index and caries index (CI). Associations were explored using non-parametric correlation
analysis and exploratory logistic regression.

Results: Participants with higher DMFT scores showed higher salivary MSG concentrations. Salivary MSG levels showed a significant
positive association with dental caries (p=0.62, p<0.01). Logistic regression analysis indicated that higher MSG levels were associated
with increased odds of belonging to the higher caries experience group (OR=1.05, p=0.03).

Conclusion: Salivary MSG concentration demonstrated an association with dental caries development. Future larger and longitudinal
studies are warranted to ascertain the role of salivary MSG as a non-invasive indicator of caries risk.
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Introduction

Monosodium glutamate (MSG), the sodium salt of glutam-
ic acid, is one of the most extensively used flavor enhancers
worldwide, contributing significantly to the umami taste in
processed foods.!!! Global MSG production reaches 3 mil-
lion metric tons per year, with an estimated market worth
of USD 8 billion due to its use in processed foods.!?! Dai-
ly intake differs geographically: 0.3-1.0 g/day in Europe,
3-4 g/day in the United States, and up to 10 g/day in East
and Southeast Asia, where MSG-rich cuisine is common.

BJ In India, MSG use is widespread in packaged noodles,
snacks, and condiments. Studies indicate that nearly 70% of
processed savory foods contain added MSG.* The umami
taste imparted by MSG lingers in the oral cavity by stimu-
lating salivary flow through gustatory reflexes, potentially
altering salivary pH, buffering capacity, and microbial ecol-
ogy.”) This prolonged presence may influence oral health
dynamics, which might lead to the development of dental
caries. ®!

Globally, dental caries remains the most common oral
disease, affecting 3.6 billion people (48% of the popula-
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tion), with 620 million children suffering from untreated
caries in primary teeth.”#! In India, systematic reviews re-
port a pooled prevalence of 54% in the general population,
with early childhood caries affecting 47% of preschool chil-
dren.>!% Caries is a multifactorial pathology. It involves
host factors (tooth structure and saliva), oral microbiota,
diet (fermentable carbohydrate substrates), and time.!!1:12]
Diet plays a crucial role; when sugar and ultra-processed
foods are consumed frequently, acid-forming bacteria
in the mouth multiply more rapidly. This increased acid
production leads to the gradual loss of minerals from the
enamel.!’®] Saliva serves as the primary defense mecha-
nism through buffering and remineralization.!'*! India is
witnessing a 13% annual growth in ultra-processed food
consumption, with 39% of food retail sales further com-
pounding caries risk.[!]

Saliva is a reflection of both dietary exposure and oral
metabolic status, making it a promising diagnostic fluid
for identifying caries risk.['°) High salivary levels of MSG
can reflect frequent intake of MSG-containing processed
food, which is related to cariogenic diets.'?) As an amino
acid salt, MSG can serve as a substrate for oral microbiota,
enhancing biofilm formation and ecologic upset and, thus,
acidogenic potential.'”) Although salivary biomarkers like
proteins, enzymes, and metabolites have been widely in-
vestigated to predict caries, information regarding MSG
as a predictive salivary biomarker is basically non-existent,
leaving a large knowledge gap.

Traditional caries risk assessment methods—clinical in-
spection, diet history, and microbial analysis—are not bio-
chemically specific or predictively reliable.'8! The identifi-
cation of new salivary markers such as MSG may provide
the means for early, non-invasive caries susceptibility pre-
diction to facilitate preventive dentistry and individualized
dietary advice.

Aim

This research aims to quantitatively measure salivary levels
of MSG and assess their correlation with the caries index
(DMFT index).

Materials and methods

Study design

This study was designed as a pilot cross-sectional obser-
vational investigation aimed at generating preliminary
evidence on the association between salivary monosodi-
um glutamate concentration and dental caries experience.
Given the absence of prior human data evaluating MSG as
a salivary biochemical marker in relation to caries status,
an exploratory analytical framework was adopted to assess
feasibility, direction, and strength of association.

Study setting and duration

The study was conducted at the Dental Institute with out-
patient dental services, involving both clinical examination
facilities and an associated biochemical analysis laboratory.
Participant recruitment, clinical examination, saliva collec-
tion, and laboratory analysis were carried out over a de-
fined period from March 2025 to April 2025.

Patient recruitment and eligibility
criteria

A total of 20 participants were enrolled in the study using
convenience-based sampling. Participants aged 18-35 years
were selected to minimize age-related biological and behav-
ioral confounding in salivary composition and dental caries
experience. This age group represents a period of relative
physiological stability, with fully erupted permanent denti-
tion and without the pronounced age-associated changes in
salivary flow rate, buffering capacity, and oral microbiome
composition observed in older adults. Additionally, restrict-
ing the age range reduced the influence of cumulative tooth
loss, extensive restorative history, and systemic comorbidi-
ties that could independently affect both salivary biomarkers
and caries indices. From a dietary perspective, individuals
in this age group exhibit relatively stable and independent
food consumption patterns, allowing clearer interpretation
of salivary MSG levels in relation to recent dietary exposure.
This restriction was applied to enhance internal validity in
this exploratory study. Participants with a history of system-
ic disease, under medication, active periodontal therapy,
xerostomia, tobacco or alcohol use, antibiotic intake within
the preceding three months, or pregnancy or lactation were
excluded, as these conditions are known to influence saliva.
All eligible participants were informed about the objectives
and procedures of the study, and written informed consent
was obtained prior to participation.

Participants were recruited using a convenience based
sampling approach from individuals attending the out-
patient dental services of the institution during the study
period. The sample size was determined based on feasibil-
ity considerations, including logistical constraints and the
exploratory objective of evaluating salivary MSG measure-
ment and its association with dental caries experience.

Sample collection protocol

Unstimulated whole saliva was chosen as the biological
sample since it represents basal secretion as well as cumu-
lative dietary exposure. To reduce diurnal variation in sal-
ivary composition, samples were taken between 9:00 AM
and 11:00 AM under standardized conditions.

Participants were asked to abstain from food, beverages
(with the exception of water), and oral hygiene procedures
for a minimum of 90 minutes before saliva collection. They
were seated comfortably and requested to let saliva pool
on the floor of the mouth before saliva collection in sterile
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polypropylene tubes. This passive drool method is the most
reproducible and least invasive manner of unstimulated sa-
liva collection. The tubes were sealed, labeled, and stored
under cold at 4°C as soon as collection was done to main-
tain biochemical integrity until analysis.

Caries assessment

Dental caries status was assessed clinically using the De-
cayed, Missing, and Filled Teeth (DMFT) index in accor-
dance with the WHO 2013 Oral Health Survey Methods.!")
All participants underwent intraoral examination under
standard operating conditions using a plain mouth mirror
and ball-ended explorer, with examinations performed un-
der adequate illumination and air drying when required. No
radiographic investigations were used for caries detection.

Caries assessment was carried out independently by two
calibrated examiners who were trained using standardized
diagnostic criteria prior to the commencement of the study.
Calibration was performed through joint examination of a
subset of patients not included in the final analysis to en-
sure consistency in diagnostic thresholds. In cases of dis-
agreement between examiners, a consensus decision was
reached through joint re-examination, thereby minimizing
assessment bias.

For DMFT scoring, teeth with untreated cavitated cari-
ous lesions were recorded as decayed (D), teeth missing due

Salivary MSG Profiling and Dental Caries

to caries were recorded as missing (M), and teeth restored
due to caries were recorded as filled (F). The DMFT score
for each participant was calculated as the sum of decayed,
missing, and filled teeth, representing cumulative lifetime
caries experience.

In addition to DMFT, a caries index (CI) was calculated
to provide a proportional measure of caries involvement
relative to total caries experience. The caries index was
computed using the formula:

CI = D/{D+M+F}

where D represents the number of decayed teeth, M the
number of teeth missing due to caries, and F the number of
filled teeth. This index reflects the proportion of untreated
carious lesions within the overall caries burden. The com-
bined use of DMFT and CI enabled assessment of both cu-
mulative caries experience and the relative distribution of
active disease within the dentition (Fig. 1).

Reagents and chemicals

All the reagents applied for MSG estimation were of ana-
lytical grade unless otherwise stated. MSG standard (99%),
2,4-dinitro-1-fluorobenzene (DNFB), sodium bicarbonate,
hydrochloric acid, diethyl ether from Fluka, and methanol
(HPLC grade).

Index Score
Decay - D 1
Missing - M 3
Filled - F 1
Caries index CI 0.2
Salivary Glutamate 121.31 pg/L

Caries index
CI =D/ (D+M+F)
1/ (1+3+1)=0.2

Interpretation

A CI of 0.20 indicates that 20% of the total caries
experience is due to active, untreated decay, while
the remaining burden reflects past disease (missing
or filled teeth).

Figure 1. Dental caries assessment and index calculation. Representative intraoral clinical photographs and schematic depiction il-

lustrating dental caries assessment using the DMFT index and caries index (CI). The table summarizes individual components of the

DMEFT score (Decayed, Missing, Filled teeth), salivary monosodium glutamate concentration, and calculated caries index.
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Preparation of standards

A stock solution of MSG was made by dissolving MSG
standard in deionized water at the concentration of 5 mg/
mL. Serial dilutions of this stock were made to generate
working standards of 10, 20, 40, 60, 80, and 100 pg/mL.
These ranges were selected to cover the anticipated physi-
ological range of salivary MSG, thus allowing construction
of a valid calibration curve. The pH of all working solutions
was set to 7.8 with the help of 5% sodium bicarbonate solu-
tion since it mimics salivary pH and stabilizes amino acid
salts during derivatization.

Sample preparation and derivatization

All saliva samples were centrifuged at 3000 rpm for 10 min-
utes at room temperature to remove cellular debris and par-
ticulate matter. Following centrifugation, 0.5 mL of the clear
supernatant was carefully aspirated, and the residual pellet
was discarded. The recovered supernatant was used for sub-
sequent pre-column derivatization to facilitate detection
of monosodium glutamate using high-performance liquid
chromatography (HPLC). Derivatization was performed to
enhance the chromophoric properties of amino acids and
improve analytical sensitivity and resolution. For derivat-
ization, 0.5 mL of the centrifuged salivary supernatant and
standard solutions were transferred into clean test tubes, to
which 10 pL of 2,4-dinitro-1-fluorobenzene (DNFB) was
added. The reaction mixture was incubated in a water bath
at 40°C for three hours under dark conditions to prevent
photodegradation of DNFB derivatives. Excess DNFB was
extracted using 0.5-1.0 mL of diethyl ether, after which the
aqueous phase was acidified with 50 uL of 6 M hydrochlo-
ric acid until the ether layer showed no visible coloration,
ensuring complete removal of unreacted derivatizing agent.
Residual ether was allowed to evaporate at room tempera-
ture, and the dried residue containing DNP-amino acid de-
rivatives was reconstituted in 500 pL of methanol. Finally,
20 pL of the reconstituted sample was injected into the
HPLC system for chromatographic analysis.

Chromatographic analysis

Analysis by HPLC was done in the reversed-phase mode
utilizing a C18 column (250 mmx4.6 mm, 5 um particle
size). The gradient combination of water and methanol was
optimized for separation of DNP-MSG derivatives with
good peak resolution. The flow rate was set to 1.0 mL/min,
and detection was done at the wavelength of 360 nm, which
is the absorbance A ___ of the DNP-derivatives. Retention
times were taken for all standard concentrations, and peak
areas were integrated with the system software.

Calibration curves were constructed from a plot of peak
area against standard MSG concentration, giving a regres-
sion equation employed to determine salivary MSG con-
centrations.

Calibration and quality control

Every analysis batch contained a set of working standards
and duplicate samples for quality control purposes. In-
tra-assay variability was low with the same derivatization
conditions for all samples. Recovery experiments showed
higher than 95% recovery of MSG across concentrations.

Conceptual framework and analytical
rationale

Salivary MSG concentration was conceptualized as an
exposure variable reflecting recent dietary intake of
MSG-containing processed foods. Dental caries experi-
ence, assessed using the DMFT index and caries index,
was considered the outcome of interest, representing cu-
mulative and proportional measures of disease burden,
respectively. Based on this framework, correlation analysis
was employed to explore the strength and direction of as-
sociation between salivary MSG levels and caries indices.
Logistic regression analysis was applied as an exploratory
tool to examine whether higher salivary MSG concentra-
tions were associated with increased odds of belonging to
a higher caries-risk category. Selection of covariates for
adjustment was guided by a directed acyclic graph (DAG)
approach, identifying age and sex as minimal confounders
measurable within the scope of the present study.

Confounder identification using directed
acyclic graph (DAG)

A directed acyclic graph (DAG) was constructed to guide
confounder identification and model adjustment by map-
ping hypothesized causal relationships between salivary
monosodium glutamate concentration and dental caries
outcomes. Variables considered included age, sex, dietary
pattern, oral hygiene practices, and socioeconomic fac-
tors. Based on the DAG, age and sex were identified as the
minimal sufficient adjustment set that could be reliably
measured within the constraints of this pilot study. These
variables were therefore included in the adjusted regression
models to reduce confounding bias while avoiding overfit-
ting in a small sample (Fig. 2).

Statistical analysis

The data were tabulated and analyzed statistically with
the help of SPSS software (version 26). Descriptive statis-
tics (mean, standard deviation, median, and interquartile
range) were estimated for salivary MSG levels and DMFT
scores. Normality of the distribution of the data was as-
sessed by the Shapiro-Wilk test. As salivary MSG levels
and DMFT scores did not follow a normal distribution,
non-parametric techniques were used. The relationship
between MSG level and DMFT index was assessed with
Spearman’s rank correlation coefficient, which assesses
monotonic relationships not depending on distribution
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Figure 2. Directed acyclic graph (DAG) illustrating the conceptual framework for the association between salivary MSG concentration

and dental caries experience.

assumptions. Logistic regression analysis was used to ex-
amine whether salivary MSG levels were associated with
caries risk status after controlling for potential confounders
like age and gender. Odds ratios (OR) at 95% confidence
intervals (CI) were calculated. A p-value of <0.05 was used.

The analytical approach was selected to prioritize
transparency and appropriateness for a small pilot data-
set. Non-parametric methods were preferred due to the
non-normal distribution of variables and limited sample
size. Logistic regression results are presented as explorato-
ry estimates to aid interpretation of potential trends rather
than as definitive predictive models.

Results

The study population comprised 20 participants with a mean
age of 27.6 years, including 12 females and 8 males. Baseline
demographic characteristics, dental caries indices, and sali-
vary MSG concentrations are summarized in Table 1.

Salivary monosodium glutamate (MSG)
levels in relation to dental caries

Unstimulated whole saliva analysis showed variability
in MSG levels among the twenty subjects. The mean was
127.97 pg/mlL, ranging between 95 and 165 pg/mL. Based
on DMFT scores, divided into high-risk and low-risk caries
experience groups (Fig. 3).

The high caries experience group exhibited higher sali-
vary MSG values than the low-risk group, which was statis-

Table 1. Demographic characteristics and dental caries profile of

the study population
Index Value
Total samples 20
Age (years) 27.6+4.7
Sex, n (%) Male: 8 (40.0%); Female: 12 (60.0%)
Mean DMFT 7.00+4.51
Caries prevalence (%) 85.00%
Salivary MSG (ug/mL)  127.97+21.22

Data are presented as mean + standard deviation unless otherwise
specified. DMFT denotes the Decayed, Missing, and Filled Teeth
index. Caries prevalence represents the percentage of participants
with DMFT >0.

tically significant (p<0.01). The violin plots demonstrated a
greater density of higher MSG values within the high caries
experience group. This suggests that higher salivary MSG
concentrations were more frequently observed among par-
ticipants with greater caries experience, rather than being
evenly distributed across groups (Fig. 4).

Association with DMFT index

Correlation analysis was also conducted between DMFT
scores and salivary MSG concentration to further explore
the association. Spearman correlation showed a positive as-
sociation between salivary MSG concentration and DMFT
(p=0.62, 95% CI: 0.25-0.83, p=0.003), which indicates that
participants with higher MSG levels had greater quantities
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Figure 3. Distribution of salivary monosodium glutamate concentration. Histogram showing the distribution of salivary MSG

concentrations among study participants, with an overlaid normal curve indicating central tendency and dispersion.
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Figure 4. Association between salivary MSG concentration and DMFT index. (A) Violin plot comparing salivary MSG concentrations

between low- and high-DMFT groups. (B) Scatter plot illustrating the relationship between salivary MSG concentration and DMFT

index, with fitted regression line and 95% confidence band.

of decayed, missing, or filled teeth. Scatter plots illustrated
this trend, with an upward slope observed across the range
of MSG values. Within the high caries experience group,
the relationship appeared steeper, whereas a similar but less
pronounced trend was observed in the low caries experi-
ence group (Fig. 4).

Association with caries index

The association between salivary MSG concentration and
the caries index was weaker than that observed with DMFT,

although the direction of association remained positive. The
subjects with higher salivary MSG concentration had great-
er proportional involvement of caries-experiencing teeth.
The scatter plot showed this linear increase, indicating that
MSG level could be related to both cumulative measures like
DMFT and proportional indexes indicative of total distribu-
tion of disease in the dentition. While the statistical power
was less than that observed with DMFT, the consistency of
direction across measures is in favor of MSG as an indicator
of caries severity and not an outlier finding.
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Data visualization and pattern
recognition

Heat map visualization was used to explore the interrela-
tionships between salivary MSG concentration, DMFT
scores, and the caries index. Glutamate along with DMFT,
with darker nodes on the heat map indicating closer asso-
ciation. The ranking table comparison between glutamate
groups strongly supported this trend. Mean and total ranks
were greater in high MSG groups for DMFT and caries in-
dex. These trends validate that increased glutamate level is
linked with greater burden of caries in various statistical
and graphical representations (Fig. 5).

Logistic regression analysis

Exploratory logistic regression analysis was performed to
examine whether salivary MSG concentration was associ-
ated with higher caries experience status (DMFT >4). Sal-
ivary MSG concentration was associated with higher odds
of belonging to the high DMFT group (OR=1.05, 95% CI:
1.004-1.102, p=0.030). This indicates that each unit in-
crease in MSG concentration was associated with a modest
increase in the odds of belonging to the higher caries expe-
rience group. Given the exploratory nature of the analysis
and limited sample size, these findings should be interpret-
ed as indicative of an association rather than predictive ca-
pability (Fig. 6).

Salivary MSG Profiling and Dental Caries

Discussion

In this exploratory study, salivary monosodium glutamate
concentration was found to be associated with measures of
dental caries experience. High DMFT scores were found to
have higher salivary MSG levels than those with low caries
scores. The difference was statistically significant (p<0.01),
and there was a strong positive correlation of MSG level
with the DMFT index (p=0.62, 95% CI: 0.27-0.83; p=0.003)
on correlation analysis. These findings suggest that salivary
MSG may reflect dietary exposure patterns that are associ-
ated with greater caries experience.

Participants with lower caries index values demonstrated
comparatively lower salivary MSG concentrations, where-
as those with higher DMFT scores exhibited elevated MSG
levels. This trend suggests that regular MSG consumption
may cause disruption in the oral biome, which may influ-
ence caries development. MSG is commonly present in
processed and convenience foods, and its elevated salivary
presence may therefore reflect dietary habits associated
with cariogenic oral changes.?’!

Exploratory logistic regression analysis further demon-
strated that higher salivary MSG concentrations were as-
sociated with increased odds of belonging to a higher car-
ies experience category (OR=1.05, 95% CI: 1.004-1.102,
p=0.030). Although the effect size per unit increase was
modest, this finding suggests that salivary MSG measure-
ment may have potential utility as an adjunctive indicator
for identifying individuals who may benefit from closer pre-

Salivary MSG DMFT Caries Index
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Figure 5. Correlation matrix of salivary MSG, DMFT, and caries index. Bubble heatmap depicting pairwise correlations between

salivary MSG concentration, DMFT index, and caries index. Circle size reflects correlation magnitude, while color intensity indicates

direction and strength of association.
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vary monosodium glutamate concentrations, based on an exploratory logistic regression model adjusted for age and sex. The solid line

represents the estimated probability, and the shaded region indicates the 95% confidence interval. Model parameters and sample size

are shown within the figure.

ventive monitoring. Such a practice could complement tra-
ditional clinical diagnosis by lending an objective biochem-
ical marker suggesting dietary impact on risk of caries.?!]

The presence of MSG in saliva is not a passive occur-
rence but rather a consequence of dietary exposure to
MSG-rich processed foods. Modern dietary transitions
and the consumption of instant noodles, savory snacks,
and seasoning blends in India and other parts of the world
show a steady increase, all of which contain considerable
amounts of MSG. The magnitude of MSG use in contempo-
rary diets makes this correlation significant. Apart from its
use in restaurant foods, instant noodles, snack foods, and
seasoning blends, MSG is a standard ingredient in numer-
ous foods, especially for children.[>3! This leads to early and
frequent exposure, which might lead to cariogenic behav-
iors such as frequent sugar consumption. This cycle shows
a relationship with developed cariogenic behaviors such as
regular sugar consumption, building a cumulative dietary
environment that promotes caries development.l??! The
combined presence of fermentable carbohydrates and MSG
may represent complementary dietary influences: sugars
provide substrates for acidogenic bacteria, while MSG may
modify salivary composition or microbial ecology in ways
that prolong acidic challenges to enamel. The present re-
sults position MSG as a potential dietary correlate of caries
experience alongside established risk factors, rather than as
an isolated or independent cause leading to complemen-
tary mechanisms that enhance the susceptibility of tooth
structure to demineralization.

The correlation between salivary MSG levels and DMFT
scores represents more than a dietary finding; it suggests

a shift from historic models—which viewed sugar as the
sole risk factor—toward a consideration of other common
dietary components that alter the oral ecosystem. As MSG
consumption is ubiquitous and relatively underappreciated
in dental risk estimation, this association adds a new per-
spective to caries epidemiology and poses significant ques-
tions for future inquiry into dietary-salivary interactions.
Unlike endogenous salivary proteins or enzymes, MSG
provides a direct dietary signal within saliva, making it an
accessible and objective indicator of exposure. This shift in
perspective moves risk assessment beyond traditional sug-
ar-based models toward a broader understanding of how
contemporary processed diets reshape oral health dynamics.

The accuracy of the method was confirmed using spiked
samples.

Saliva captures more than host metabolism, as it con-
tains dietary supplements and connects everyday lifestyle
with oral disease risk.?>?4! The presence of MSG in the sa-
liva is noteworthy. The present findings suggest that mono-
sodium glutamate, as a commonly used dietary additive,
may be associated with increased caries susceptibility. MSG
can influence biological systems through oxidative stress
and inflammatory pathways, highlighting its capacity to
modulate tissue and microbial environments beyond its
role as a flavor enhancer.[?’! MSG as a salivary biomarker
provides new avenues for investigation, specifically cario-
genic microbiota and its role in the potential assessment of
future caries experience. This broadens the vision to an ex-
tended conception of caries risk assessment that takes into
consideration dietary salivary interactions influencing oral
health in contemporary populations.
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Limitations

The pilot nature of the study, small sample size, single-cen-
ter setting, and convenience-based recruitment limit the
generalizability of the findings. The cross-sectional design
precludes causal inference, and salivary MSG measured at
a single time point may not represent long-term dietary ex-
posure. MSG consumption and oral health behaviors can
vary considerably across regions and sociocultural con-
texts; therefore, the applicability of the present findings to
broader populations may be constrained. These limitations
should be taken into account when interpreting the results
and planning future confirmatory studies.

Future scope

Future research should focus on larger, longitudinal study
designs to evaluate the stability and predictive accuracy of
salivary MSG levels in relation to dental caries progression
to aid in determining whether salivary MSG can reliably
reflect sustained dietary exposure and future caries risk
over time. Expanding sample size and population diversity
through multicenter investigations also needs to be evalu-
ated. Thereby the potential role of salivary MSG as a broad-
ly applicable biomarker in caries risk assessment.

Conclusion

This pilot study observed a positive association between
salivary monosodium glutamate (MSG) concentration and
dental caries experience, wherein participants with higher
DMEFT scores tended to exhibit higher salivary MSG lev-
els. These findings suggest that salivary MSG may reflect
dietary exposure patterns linked to greater caries burden.
While the exploratory analyses indicate a potential role for
salivary MSG as a non-invasive adjunctive marker in caries
risk assessment, the results should be interpreted cautious-
ly given the study’s design and sample size. Further large-
scale, longitudinal investigations integrating dietary as-
sessment, microbial profiling, and salivary biomarkers are
warranted to clarify the mechanistic relevance and clinical
utility of salivary MSG in caries risk evaluation.
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