
886 Available Online at www.ijscia.com | Volume 7 | Issue 6 | Nov – Dec 2026  
 

 

 

 
 

 
 
 

 

Nitrite and Oral Lactobacillus: A Systematic Review of  
Antibacterial Effects and Clinical Associations 

 

Abraham Stephen Joshua1, Dimas Prasetianto Wicaksono2*,  
Ardianti Maartrina Dewi2 

 
1Undergraduate Student, Faculty of Dental Medicine,  

Universitas Airlangga, Surabaya, Indonesia 
 

2Department of Pediatric Dentistry, Faculty of Dental Medicine,  
Universitas Airlangga, Surabaya, Indonesia 

 

E-mail: abraham.ephen.joshua-2023@fkg.unair.ac.id;  
dimaspw@fkg.unair.ac.id; ardianti-m-d@fkg.unair.ac.id  

 

*Corresponding author details: Dimas Prasetianto Wicaksono; dimaspw@fkg.unair.ac.id 
 

ABSTRACT 
Nitrite has been proposed as an endogenous oral antimicrobial factor, but its relationship with caries-
associated Lactobacillus remains unclear. This systematic review evaluated the antibacterial effects of nitrite 
on oral Lactobacillus and associations between salivary nitrite-related measures and bacterial levels. PubMed, 
Web of Science, and Scopus were searched through 5 August 2026, supplemented by citation searching and 
exploratory semantic search. Eligible studies included in vitro experiments and cross-sectional studies 
reporting Lactobacillus-specific outcomes. Risk of bias was assessed using QUIN and JBI checklists. Findings 
were synthesized narratively because of methodological heterogeneity. Five studies were included: three in 
vitro experiments and two cross-sectional studies. All experimental studies reported inhibition of 
Lactobacillus, with two demonstrating greater inhibition at lower pH and higher nitrite concentrations. One 
disk-diffusion study reported concentration-dependent inhibition by potassium nitrite and greater inhibition 
when combined with fluoride. Clinical findings differed: one study reported an adjusted inverse association 
between salivary nitrite and Lactobacillus levels, whereas the other found no significant difference in bacterial 
counts between comparison groups. Experimental studies had moderate risk of bias; observational studies 
had moderate and high risk, respectively. Limitations included a small, heterogeneous evidence base and 
single-reviewer screening and extraction. Nitrite inhibits oral Lactobacillus under controlled experimental 
conditions, particularly when acidified, but clinical evidence does not establish causality or effectiveness for 
caries prevention. Prospective studies and multispecies biofilm models are needed. 
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INTRODUCTION 
Dental caries is the result of a dynamic imbalance 
between demineralization and remineralization 
processes in tooth enamel within the oral 
environment. It is one of the most prevalent chronic 
diseases worldwide, affecting individuals across all 
age groups, particularly children and vulnerable 
populations. If left untreated, dental caries can 
significantly impair quality of life [1,2]. Among 
schoolchildren, greater caries experience has also 
been associated with poorer oral health-related 
quality of life [3]. According to the WHO (2022), 
more than one-third of the global population is 
affected by dental caries, with untreated dental 
caries in permanent teeth being the most prevalent 
health condition worldwide and affecting more than 
2 billion people. In primary teeth, dental caries is the 
most common chronic disease of childhood, affecting 
approximately 514 million children worldwide [4]. 

 
Dental caries arises from the interaction of several 
factors within the oral environment, including a 
susceptible host, cariogenic microorganisms, a 
suitable substrate, and time [1]. Among these factors, 
cariogenic microorganisms, particularly acidogenic 
bacteria, play a crucial role in the initiation and 
progression of dental caries [5]. Through the 
fermentation of dietary carbohydrates, these 
bacteria produce organic acids that lower local 
plaque pH and promote enamel demineralization [6]. 
Streptococcus mutans is one of the most extensively 
studied cariogenic bacteria and is strongly 
associated with the initiation of dental caries 
because of its ability to form biofilms and rapidly 
produce organic acids [7,8]. In a study of 50 children 
aged 6–12 years with dental caries, S. mutans was 
detected in 94% of participants, highlighting its 
frequent occurrence in carious lesions [9]. However,
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as carious lesions progress and become deeper, 
Lactobacillus spp., including Lactobacillus 
acidophilus, become increasingly associated with 
lesion progression [5].  
 
Lactobacillus spp. is important acidogenic and 
aciduric bacteria associated with the progression of 
carious lesions [1,5]. Their ability to tolerate low pH 
and produce lactic acid facilitates their persistence 
in deep carious lesions and may contribute to lesion 
progression [10,11]. In children with early 
childhood caries (ECC), Lactobacillus spp. levels are 
significantly higher in saliva and dental plaque than 
in caries-free children, indicating their potential as 
markers of caries activity [12]. In addition, their 
ability to adhere to collagen and form biofilms 
through exopolysaccharide (EPS) production may 
contribute to their cariogenic potential [13-15]. 
 
Beyond bacterial and dietary factors, salivary 
chemistry also plays a modulatory role in the oral 
microbial ecosystem. Dietary nitrate, abundant in 
vegetables and leafy greens, is concentrated in saliva 
via the enterosalivary circulation and subsequently 
reduced to nitrite by nitrate-reducing oral 
commensal bacteria [16,17]. In oral Veillonella 
species, nitrite production from nitrate is linked to 
lactate metabolism and is enhanced under acidic 
and anaerobic conditions in the presence of lactate 
[18]. Under the acidic conditions typical of 
cariogenic biofilms, nitrite can be further converted 
to nitric oxide (NO), a reactive antimicrobial 
molecule [16]. This nitrate–nitrite–NO pathway has 
been proposed as an endogenous host-defense 
mechanism against cariogenic bacteria, with several 
in vitro and clinical studies demonstrating an 
inverse relationship between salivary/plaque 
nitrite concentration and the growth or survival of 
Streptococcus mutans [16,19-23]. 
 
In contrast, evidence regarding the relationship 
between nitrite and Lactobacillus, a genus 
increasingly implicated in the progression rather 
than initiation of carious lesions, remains 
considerably more limited and inconsistent across 
both experimental and clinical contexts. In vitro 
studies have reported inhibitory effects of nitrite on 
Lactobacillus species, including L. acidophilus and L. 
casei. Acidified sodium nitrite showed pH- and 
concentration-dependent activity in broth-based 
models, whereas potassium nitrite also inhibited L. 
acidophilus in a disk-diffusion model [19,24,25]. 
Clinical evidence on whether salivary or plaque 
nitrite concentration is similarly associated with 
reduced Lactobacillus counts remains scarce [16,26]. 
Given the established role of Lactobacillus in caries 
progression and the incompletely characterized 
nature of its interaction with nitrite across 
experimental and clinical settings, a systematic 
evaluation of the existing evidence is warranted. 
This review therefore aims to systematically assess 
whether nitrite, through direct experimental 
exposure or endogenous salivary/plaque 
concentration, correlates with reduced Lactobacillus 
growth or counts, and to examine whether this 
relationship is comparable to the established 

inverse relationship between nitrite and S. mutans. 
This systematic review was conducted following the 
PRISMA 2020 guidelines to ensure a transparent 
and reproducible synthesis of the available evidence 
[27].  
 
METHODS AND ANALYSIS 
Eligibility Criteria 
Eligibility was defined according to the PICO 
framework, summarized in Table 1.  
 Population: human saliva or plaque samples (for 

clinical/observational studies) or reference/ 
laboratory strains of oral cariogenic bacteria (for in 
vitro studies), with a specific focus on Lactobacillus 
spp., including L. acidophilus and L. casei.  

 Exposure: nitrite, nitrate, or nitric oxide (NO), 
whether administered experimentally under 
controlled in vitro conditions or measured 
endogenously in saliva or dental plaque.  

 Comparator: where applicable, lower or absent 
nitrite/nitrate/NO exposure, such as untreated 
controls in in vitro studies or lower-concentration 
/nitrite-negative groups in clinical studies. As 
several included clinical studies were descriptive 
or correlational in design without a predefined 
comparator group, studies without an explicit 
comparator were also eligible provided that a 
quantitative or semi-quantitative measure of 
nitrite/nitrate/NO exposure was reported.  

 Outcome: Lactobacillus growth, survival, colony-
forming unit (CFU) counts, or salivary/plaque 
Lactobacillus levels.  

 Study design: in vitro controlled experimental 
studies and cross-sectional observational/clinical 
studies were both eligible for inclusion. 

 
TABLE 1: PICO Framework for Study Eligibility. 

 

PICO Element Definition 

Population 

Human saliva/plaque samples 
(clinical/observational studies) or 
reference/laboratory strains of oral 
cariogenic bacteria (in vitro studies), 
with a specific focus on Lactobacillus 
spp., including L. acidophilus and  
L. casei  

Exposure 

Nitrite, nitrate, or nitric oxide (NO), 
administered experimentally under 
controlled in vitro conditions or 
measured endogenously in saliva or 
dental plaque  

Comparator 

Untreated controls (in vitro) or 
lower-concentration/nitrite-
negative groups (clinical); studies 
without a formal comparator were 
also eligible provided 
nitrite/nitrate/NO exposure was 
reported quantitatively or  
semi-quantitatively  

Outcome 
Lactobacillus growth, survival, 
colony-forming unit (CFU) counts, or 
salivary/plaque Lactobacillus levels  

Study Design  
In vitro controlled experimental 
studies and cross-sectional 
observational/clinical studies  
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Exclusion Criteria 
Studies were excluded if they: (1) evaluated nitrite/ 
nitrate/NO exclusively in relation to Streptococcus 
mutans or other cariogenic bacteria without any 
measurement of Lactobacillus; (2) evaluated nitrite 
/nitrate/NO and caries indices without any bacterial 
outcome; (3) were conducted in non-oral systems 
(e.g., gastric, intestinal, vaginal, or systemic models); 
(4) were narrative or systematic reviews/meta-
analyses (retained as background references rather 
than primary data sources); (5) were not published 
in English; or (6) were not original research articles. 
 
Information Sources and Search Strategy 
A systematic search was conducted across three 
electronic databases: PubMed, Web of Science, and 
Scopus, supplemented by citation searching and 
semantic search. Searches across all databases were 
last conducted on 5 August 2026. No date restriction 
was applied to publication year. 
 
PubMed 
Two complementary search strings were used to 
maximize sensitivity, and their results were 
combined and deduplicated: 
 Query 1 (PICO/caries-focused): ("salivary nitrite" 

OR "nitrite" OR "nitrite concentration" OR 
"endogenous nitrite" OR "Nitrites"[Mesh]) AND 
("Lactobacillus" OR "lactobacilli count" OR 
"Lactobacillus acidophilus" OR "bacterial load" OR 
"Colony Count, Microbial"[Mesh]) AND ("dental 
caries" OR "caries activity" OR "dmft" OR "DMFT" 
OR "Dental Caries"[Mesh]) — 4 records retrieved. 

 Query 2 (broader oral/biofilm context): nitrite 
AND lactobacillus AND (oral OR dental OR saliva 
OR "oral cavity" OR biofilm OR plaque) — 15 
records retrieved. 

 
Web of Science 
TS= (nitrite AND lactobacillus AND (oral OR dental 
OR saliva OR "oral cavity" OR biofilm OR plaque)) — 
18 records retrieved. 
 
Scopus 
TITLE-ABS-KEY (nitrite AND lactobacillus AND (oral 
OR dental OR saliva OR "oral cavity" OR biofilm OR 
plaque)) — 37 records retrieved; after applying 
database filters for document type (article only) and 
language (English only), 33 records remained for 
screening. 
 
Supplementary and Citation Searching 
Reference lists and the "similar articles" function 
associated with key included studies were manually 
reviewed, identifying 4 additional candidate records. 
 
Semantic Search 
Scopus AI was additionally queried using a natural-
language prompt reflecting the research question, as 
an exploratory supplementary check. This did not 
identify any eligible studies beyond those already 
retrieved through the Boolean search strategy. 
 
All searches were restricted to original research 
articles published in English. No date restriction was 
applied. 

Study Selection Process 
Records retrieved from all sources were combined, 
and duplicates were removed. Titles and abstracts 
were screened against the predefined eligibility 
criteria. Full-text reports of potentially eligible 
records were retrieved and assessed for eligibility. 
Studies were excluded if they did not evaluate the 
exposure of interest, did not report extractable 
Lactobacillus-specific outcome data, did not involve 
an eligible oral population or experimental model, 
or were not primary research reports. Studies 
evaluating Streptococcus mutans only, without 
Lactobacillus-specific data, were also excluded. The 
study selection process and reasons for full-text 
exclusion are presented in the PRISMA 2020 flow 
diagram. Screening and eligibility assessment were 
performed by a single reviewer. The absence of 
independent duplicate screening and dual data 
extraction is acknowledged as a methodological 
limitation of this review and is discussed further in 
the Discussion section. 
 
Data Extraction 
Data from included studies were extracted by a 
single reviewer using a standardized extraction 
form, covering study identification (authors, year, 
country/setting), study design, population or 
sample characteristics (including species/strain for 
in vitro studies or participant demographics for 
clinical studies), exposure and measurement 
method for nitrite, nitrate, or NO (e.g., Griess assay, 
dry-test kit, experimental concentration), bacterial 
outcome measures (e.g., colony-forming units, 
optical density, inhibition zone diameter, or 
salivary/plaque Lactobacillus levels), caries-related 
outcomes where reported (e.g., DMFT, caries 
experience), and main findings relevant to the 
review question. Extracted data were compiled into 
a structured evidence table (Table 2 and Supplementary 
Table S1) to facilitate narrative synthesis grouped 
by study design. 
 
Risk of Bias Assessment 
Risk of bias in included in vitro studies was assessed 
using the QUIN (Quality Assessment Tool for In Vitro 
Studies) checklist, comprising 12 criteria scored as 
0 (not specified), 1 (inadequately specified), or 2 
(adequately specified). The overall QUIN score was 
calculated as [total score / (2 × 12)] × 100, with 
scores >70% classified as low risk of bias, 50–70% 
as moderate risk, and <50% as high risk of bias. Risk 
of bias in included observational/clinical studies 
was assessed using the JBI Critical Appraisal 
Checklist for Analytical Cross-Sectional Studies, 
comprising 8 items rated as Yes, No, or Unclear. 
Consistent with JBI guidance, no aggregate 
numerical score was calculated; overall risk of bias 
(low, moderate, or high) was instead judged 
qualitatively based on the pattern of domain-level 
responses [28,29]. Risk of bias assessments were 
performed by a single reviewer. 
 
Synthesis Methods 
Given the small number of included studies (n = 5) 
and substantial heterogeneity in study design, exposure 
measurement methods, and outcome definitions, 
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a quantitative meta-analysis was not performed. 
Findings were instead synthesized narratively, 
grouped by study design (in vitro vs. clinical/ 
observational), to characterize the direction and 
consistency of the relationship between nitrite/ 
nitrate/NO and Lactobacillus outcomes. 
 
RESULTS 
Study Selection 
The database search identified 16 unique records 
from PubMed (4 + 15, after removing 3 within-
database duplicates), 18 from Web of Science, and 
37 from Scopus (33 after document type/language 
filtering). An additional 4 records were identified 
through supplementary citation searching. After 
combining all sources (71 records), removing 7 
cross-database duplicates and 4 non-English 

sources, 60 unique records were screened by title 
and abstract. Of the 60 screened records, 53 were 
excluded at the title/abstract stage. Seven records 
identified through database searching and four 
records identified through citation searching were 
assessed in detail for eligibility (11 records in total). 
Of these, two database-derived records were 
excluded because they did not report Lactobacillus-
specific outcomes. One of these studies, which 
focused exclusively on S. mutans, was retained as a 
background reference for the Introduction and 
Discussion. All four citation-searching-derived 
records were excluded because they lacked 
Lactobacillus-specific outcome data. Five studies 
met all eligibility criteria and were included in the 
qualitative synthesis.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 1: PRISMA 2020 Flow Diagram. 
 

Study Characteristics 
The five included studies comprised three in vitro 
experimental studies and two cross-sectional 

observational studies, conducted in the United 
Kingdom, China, South Korea, and Indonesia 
between 1999 and 2025. 

 
 

TABLE 2: Overview of the Results. 
 

Study ID Design Setting Key exposure Key outcome(s) 

Xia et al., 
2006 [24] 

In vitro China 
Sodium nitrite/ 

nitrate, pH 3.0–7.0 

Growth inhibition (OD540), 
MIC/MBC for 6 oral strains 

including L. acidophilus 

Silva Mendez 
et al., 1999 
[19] 

In vitro UK Sodium nitrite, pH 2.0–7.0 
Growth/survival of S. mutans, 

A. naeslundii, L. casei 

Wicaksono et 
al., 2025 [25] 

In vitro Indonesia 
Potassium nitrite ± 

sodium fluoride 
Inhibition zone diameter  

against L. acidophilus 

Doel et al., 
2004 [16] 

Cross-sectional UK 
Salivary nitrate/nitrite, 

nitrate-reductase capacity 
S. mutans and Lactobacillus CFU, 

caries experience 

Han et al., 
2013 [26] 

Cross-sectional South Korea 
Salivary nitrite 

(Griess assay, labeled "NO") 
Salivary Lactobacillus and S. mutans 

levels (Dentocult), DMFT/DT 
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Across the in vitro studies, nitrite demonstrated 
inhibitory activity against the tested oral bacteria 
[19,24,25]. In the two studies that manipulated pH, 
acidified nitrite produced dose- and pH-dependent 
inhibition; L. acidophilus was relatively more 
resistant than S. mutans in the study that directly 
compared them [19,24]. The two clinical studies 
differed in their exposure assessment, outcome 
measurement, and analytic approach. Doel et al. 
measured salivary nitrate and nitrite together with 
nitrate-reducing capacity and cultured Lactobacillus 
as CFU/mL, whereas Han et al. used a Griess assay to 
quantify nitrite-related activity and categorized 
salivary Lactobacillus levels using the Dentocult 
system [16,26]. Detailed characteristics and findings 
of the included studies are presented in 
Supplementary Table S1. 
 
Risk of Bias in Included Studies 
 In Vitro Studies (QUIN) 
All three in vitro studies were rated as moderate risk 
of bias (QUIN scores 50.0–54.2%). Common 
strengths included clearly stated aims, well-

described control groups and methodology, 
appropriate outcome measurement, and adequate 
statistical analysis. Common limitations included 
the absence of sample-size calculations, operator/ 
assessor details, randomization, and blinding. 
Although some of these domains may be more 
challenging to implement in single-strain in vitro 
microbiological assays, their absence can still affect 
the transparency and internal validity of the 
reported findings. 
 
 Observational Studies (JBI) 
Risk of bias varied between the two observational 
studies. Han et al. (2013) was judged to have 
moderate risk of bias, with adequate reporting 
across most domains (inclusion criteria, confounding 
factor identification and adjustment, and outcome/ 
statistical analysis), except for unclear validity of the 
nitrite/NO exposure measure [26]. Doel et al. (2004) 
was judged to have high risk of bias, driven primarily 
by inadequately reported eligibility criteria, lack of 
confounding adjustment, and insufficiently described 
caries and outcome assessment methods [16]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 2: Risk-Of-Bias Assessment of Included Studies. The JBI Critical Appraisal Checklist for Analytical 
Cross-Sectional Studies Was Applied to Observational Studies (Domains D1–D8), and the Quin Tool Was 
Applied to In Vitro Studies (Domains D1–D12). Green Indicates “Yes” Or Adequately Specified, Orange 
Indicates “Unclear” Or Inadequately Specified, Red Indicates “No” Or Not Specified, And White Cells Indicate 
Domains Not Applicable to That Assessment Tool. 
 
Synthesis of Results  
 In Vitro Evidence 
Three studies demonstrated inhibitory activity of 
nitrite against Lactobacillus species under 
controlled experimental conditions. In the two 
broth-based studies that manipulated pH, acidified 
sodium nitrite exerted bacteriostatic and/or 
bactericidal effects, with inhibition increasing at 
lower pH and higher nitrite concentrations. 
Lactobacillus acidophilus and L. casei were inhibited 
under these experimental conditions, although L. 
acidophilus appeared relatively more resistant than 
S. mutans in the study that compared them directly 

[19,24]. A third study reported concentration-
dependent inhibition of L. acidophilus by potassium 
nitrite in a disk-diffusion model and found greater 
inhibition when nitrite was combined with fluoride 
than with either low-dose agent alone [25]. 
 
 Clinical Evidence 
Only two cross-sectional studies met the eligibility 
criteria. Although both studies assessed salivary 
nitrate/nitrite-related measures and Lactobacillus 
outcomes, they differed substantially in exposure 
definition, outcome measurement, and analytic 
approach. Doel et al. (2004) reported that the 
combination of high salivary nitrate concentration
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and high nitrate-reducing capacity was associated 
with lower caries experience; however, the study 
did not report a statistically significant difference in 
Lactobacillus counts between groups [16]. Han et al. 
(2013) reported that higher salivary nitrite 
concentrations, labeled by the authors as “NO,” were 
associated with lower salivary Lactobacillus levels 
after adjustment for confounders (𝑝=0.049). Han et 
al. found no significant association between nitrite-
related measures and S. mutans levels or caries 
experience (DMFT/DT) [26]. 
 
Overall, the in vitro evidence consistently supports 
an inhibitory effect of nitrite on Lactobacillus 
growth under controlled experimental conditions, 
with the strongest evidence for acidified nitrite in 
the two broth-based studies. In contrast, clinical 
evidence for an inverse association between salivary 
nitrite-related measures and Lactobacillus levels is 
limited, based primarily on one cross-sectional 
study, and remains insufficient for firm conclusions 
regarding clinical relevance or active caries status. 
 
DISCUSSION 
Principal Findings 
The present systematic review identified five 
eligible studies, comprising three in vitro 
experimental studies and two cross-sectional 
observational studies. Overall, the findings indicate 
that nitrite has inhibitory activity against 
Lactobacillus species under controlled in vitro 
conditions, with the strongest evidence for acidified 
nitrite in the two broth-based experimental studies. 
Across the experimental studies, nitrite inhibited 
the growth or survival of L. acidophilus and L. casei 
[19,24,25]. In the two broth-based studies, Silva 
Mendez et al. and Xia et al. manipulated pH and 
reported dose- and pH-dependent inhibition by 
acidified nitrite; in Xia et al., L. acidophilus was 
relatively more resistant than S. mutans [19,24]. 
 
In contrast, the available clinical evidence was 
limited and did not permit a firm conclusion 
regarding the association between salivary nitrite-
related measures and Lactobacillus levels in vivo. 
Han et al. reported an inverse association between 
salivary nitrite concentrations, labeled by the 
authors as “NO,” and salivary Lactobacillus levels 
after adjustment for age, sex, salivary flow rate, and 
buffering capacity [26]. However, Doel et al. found 
lower caries experience among children with both 
high salivary nitrate concentrations and high 
nitrate-reducing capacity, but did not report a 
statistically significant difference in Lactobacillus 
counts between this group and the comparison 
group [16]. These clinical studies also differed in 
their exposure definitions, outcome measurement 
methods, and analytic approaches. Therefore, 
although experimental evidence supports an 
inhibitory effect of nitrite, particularly under 
acidified in vitro conditions, on Lactobacillus growth 
and survival, the clinical evidence remains 
preliminary and insufficient to establish an in vivo 
association or a clinically meaningful relationship 
with caries status. 
 

Interpretation and Mechanisms 
The inhibitory activity of acidified nitrite against 
Lactobacillus observed in the included in vitro 
studies is biologically plausible. Dietary nitrate is 
concentrated in saliva and can be reduced to nitrite 
by nitrate-reducing bacteria in the oral cavity [30]. 
When nitrite encounters an acidic environment, it 
forms nitrous acid, which can generate nitric oxide 
(NO) and other reactive nitrogen intermediates with 
antimicrobial activity [16,26]. This pathway is 
particularly relevant in cariogenic biofilms, where 
bacterial carbohydrate metabolism produces 
localized decreases in pH. Nitrite-derived 
antimicrobial activity may therefore represent a 
potential chemical host-defense mechanism acting 
in acidic oral niches. 
 
The experimental findings support the importance 
of acidic conditions for nitrite activity. Silva Mendez 
et al. exposed L. casei to sodium nitrite at 
concentrations of 0.2–10 mM and pH values of 2.0–
7.0, reporting dose-dependent inhibition of growth 
and impaired recovery after exposure [19]. An effect 
was evident at 0.2 mM, which the authors identified 
as approximating fasting salivary nitrite 
concentrations [19]. Similarly, Xia et al. observed 
that the inhibitory effect of sodium nitrite increased 
as pH decreased, whereas sodium nitrate at 
equivalent concentrations had no antimicrobial effect 
[24]. For L. acidophilus, the minimum inhibitory 
concentration of nitrite was 1 mM at pH 3.0, 2 mM at 
pH 4.0–4.5, and 10 mM at pH 5.0; no inhibition was 
observed at pH 6.0–7.0 at concentrations below 10 
mM. These findings indicate that the effect of nitrite is 
conditional on both concentration and environmental 
acidity, rather than being a uniform property of 
nitrite across oral conditions [19,24]. 
 
The chemical basis of this pattern is likely related to 
acidification of nitrite. In acidic environments, 
nitrite can form nitrous acids and subsequently yield 
NO and related nitrogen oxides. NO and NO-derived 
species can act through nitrosative and oxidative 
stress, including interference with protein function, 
disruption of iron–sulfur clusters, and damage to 
nucleic acids and bacterial signaling pathways. 
However, neither Silva Mendez et al. nor Xia et al. 
directly measured nitrous acid, NO, or other reactive 
nitrogen species. Therefore, these mechanisms 
should be regarded as biologically plausible 
explanations, rather than mechanisms directly 
demonstrated by the included studies [31,32]. 
 
The relative resistance of L. acidophilus is also 
important when interpreting the in vitro evidence. 
Xia et al. ranked S. mutans as the organism most 
susceptible to acidified nitrite, whereas L. acidophilus 
was among the more resistant organisms tested. L. 
acidophilus also retained growth in acidic conditions 
without nitrite, supporting its recognized aciduric 
phenotype [24]. This pattern is compatible with the 
ability of acid-tolerant lactic acid bacteria to 
maintain intracellular pH through proton extrusion 
and other stress-response mechanisms, including 
the F0F1-ATPase system. 
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Such acid-adaptation mechanisms may contribute to 
persistence of Lactobacillus in low-pH carious 
environments and may reduce its apparent 
susceptibility to acidified nitrite [5,33].  
 
Wicaksono et al. further demonstrated that 
potassium nitrite inhibited L. acidophilus in a 
concentration-dependent manner in a disk-diffusion 
model, with inhibition beginning at 0.85% 
potassium nitrite [25]. The authors also observed 
larger inhibition zones when nitrite was combined 
with sodium fluoride, including inhibition at a low-
dose combination for which each agent alone 
produced no detectable zone. This finding may 
suggest complementary antibacterial activity; 
however, the study did not report medium pH, 
measure NO formation, assess biofilm behavior, or 
use clinically realistic salivary exposure conditions. 
It therefore supports the general antibacterial 
potential of nitrite against L. acidophilus but does 
not directly confirm an acidified nitrite or nitrate–
nitrite–NO mechanism in vivo [25]. 
 
Taken together, the results suggest that nitrite-
related effects may be selective rather than uniform 
across oral microorganisms. The evidence supports 
inhibition of Lactobacillus under simplified and 
often acidic experimental conditions, but it does not 
establish that comparable inhibition occurs within 
mature, multispecies carious biofilms. Similarly, 
reduced growth of S. mutans or nitrite-mediated 
effects in single-strain models cannot be assumed to 
translate directly to Lactobacillus, which appears 
relatively acid tolerant in the available experimental 
evidence. 
 
Translational Gap between Experimental and 
Clinical Evidence 
The consistent in vitro inhibitory activity of nitrite 
should not be interpreted as direct evidence of an 
equivalent clinical effect in the oral cavity. The 
experimental studies used simplified single-strain 
models and controlled exposure conditions. Silva 
Mendez et al. and Xia et al. acidified broth cultures 
with hydrochloric acid and exposed bacteria to 
defined sodium nitrite concentrations, allowing pH-
dependent antimicrobial activity to be evaluated 
directly [19,24]. In contrast, Wicaksono et al. used a 
disk-diffusion model with potassium nitrite and did 
not report medium pH or quantify nitric oxide 
formation [25]. These approaches are useful for 
demonstrating antibacterial potential, but they do 
not reproduce the spatially heterogeneous pH, 
nutrient availability, oxygen gradients, salivary 
clearance, and multispecies interactions present in 
dental plaque biofilms [34]. 
 
The two clinical studies were also not designed to 
test causality. Doel et al. evaluated naturally 
occurring salivary nitrate/nitrite-related measures 
and nitrate-reducing capacity, whereas Han et al. 
used a Griess assay to quantify nitrite but described 
the measure as salivary “NO” [16,26]. Neither study 
prospectively manipulated nitrate or nitrite 
exposure, and both were cross-sectional. 
Consequently, reverse causation and residual 

confounding cannot be excluded. Dietary nitrate 
intake, oral hygiene, fluoride exposure, salivary flow 
and buffering capacity, plaque pH, antimicrobial use, 
socioeconomic factors, and the composition of the 
oral microbiome may influence both nitrite-related 
measures and Lactobacillus levels. The observed 
inverse association in Han et al. is therefore 
hypothesis-generating but cannot establish that 
higher salivary nitrite directly reduces Lactobacillus 
colonization or caries progression in vivo [16,26]. 
 
Strengths and Limitations 
This review has several strengths. First, the search 
was conducted across three major bibliographic 
databases, PubMed, Web of Science, and Scopus, and 
was supplemented by citation searching and a 
semantic-search check. The search strategy included 
both a caries-focused query and a broader 
oral/biofilm query, thereby improving the 
likelihood of identifying evidence relevant to direct 
experimental nitrite exposure as well as salivary 
nitrate/nitrite-related measures. Study selection, 
data extraction, risk-of-bias assessment, and 
reporting were structured according to the PRISMA 
2020 framework, and the study-selection process 
was reported using a PRISMA flow diagram [27]. 
 
Second, the review applied design-appropriate risk-
of-bias instruments. The QUIN tool, which was 
developed and validated specifically for in vitro 
dental studies, was used to assess the three 
experimental studies, while the JBI Critical Appraisal 
Checklist for Analytical Cross-Sectional Studies was 
applied to the two observational studies. This 
approach allowed study limitations to be evaluated 
in relation to the distinct methodological 
requirements of controlled laboratory experiments 
and observational clinical research, rather than 
treating all included evidence as methodologically 
equivalent [28,29]. 
 
Several limitations should also be considered. The 
evidence base was small, comprising only five 
eligible studies, including three in vitro investigations 
and two cross-sectional observational studies. This 
limited number of studies, together with substantial 
heterogeneity in bacterial species, laboratory models, 
nitrite formulations, nitrite concentrations, pH 
conditions, exposure duration, salivary measurement 
methods, and Lactobacillus outcome definitions, 
precluded quantitative pooling and limited the 
certainty of the overall conclusions. The two clinical 
studies also differed materially: Doel et al. evaluated 
salivary nitrate, nitrite, and nitrate-reducing capacity 
alongside culture-based Lactobacillus CFU, whereas 
Han et al. used a Griess assay to measure nitrite but 
described the measure as salivary “NO” and 
categorized Lactobacillus using Dentocult [16,26]. 
 
The in vitro evidence should also be interpreted 
cautiously. Although all three experimental studies 
reported an inhibitory effect of nitrite against 
Lactobacillus, the models used reference strains and 
planktonic broth cultures or agar disk-diffusion 
methods rather than mature multispecies cariogenic 
biofilms. 
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In addition, only Silva Mendez et al. and Xia et al. 
evaluated acidified nitrite under controlled pH 
conditions; Wicaksono et al. did not report medium 
pH or measure nitric oxide formation [19,24,25]. 
The experimental results therefore demonstrate 
antibacterial potential, but cannot establish the 
magnitude, duration, or clinical relevance of any 
effect within the dynamic oral environment. 
 
The certainty of the clinical evidence was 
additionally constrained by study design and risk of 
bias. Both clinical studies were cross-sectional, 
which prevents determination of temporal sequence 
and causality. Han et al. was judged to have 
moderate risk of bias, largely because the Griess 
assay measured nitrite rather than NO directly, 
whereas Doel et al. was judged to have high risk of 
bias because of incompletely reported eligibility 
criteria, limited information on caries and outcome 
assessment, and no reported adjustment for 
confounding [16,26]. Dietary nitrate exposure, 
fluoride use, oral hygiene, salivary flow, buffer 
capacity, plaque pH, medication or antibiotic use, 
socioeconomic conditions, and oral-microbiome 
composition may have influenced the observed 
measures and associations. 
 
Finally, screening, eligibility assessment, and data 
extraction were conducted by a single reviewer, 
without independent duplicate screening or dual 
data extraction. This may have increased the risk of 
study-selection errors or extraction bias. The review 
was also limited to original research articles 
published in English, which may have introduced 
language and publication bias. These limitations, 
combined with the small and heterogeneous 
evidence base, mean that the conclusions should be 
interpreted as preliminary rather than definitive. 
 
Clinical and Research Implications 
The current evidence is insufficient to support the 
use of nitrate, nitrite, or nitrite–fluoride 
combinations as clinical interventions for caries 
prevention or for reducing oral Lactobacillus levels. 
Although the included in vitro studies indicate that 
nitrite can inhibit Lactobacillus under controlled 
experimental conditions, the available clinical 
evidence is limited to two cross-sectional studies 
and does not establish causality, effectiveness, 
optimal dosage, route of administration, safety, or 
long-term effects within the oral ecosystem. In 
particular, the inhibition observed with potassium 
nitrite and fluoride in a disk-diffusion model should 
not be interpreted as evidence that a nitrite–fluoride 
mouthrinse, toothpaste, or other topical product 
would be effective or safe in clinical use [25]. 
 
Future research should first clarify the clinical 
association between nitrate–nitrite metabolism and 
Lactobacillus in well-designed prospective 
longitudinal studies. Such studies should recruit 
clearly defined populations, document caries 
activity using standardized diagnostic criteria, and 
measure salivary and plaque nitrate, nitrite, and NO-
related products separately using validated 
methods. Because the Griess reaction measures 

nitrite rather than nitric oxide directly, future 
studies should avoid using “NO” as an 
interchangeable term unless nitric oxide itself is 
measured using an appropriate direct method. 
Salivary/plaque Lactobacillus outcomes should also 
be reported using standardized quantitative 
methods, ideally alongside species-level molecular 
characterization, rather than relying exclusively on 
semi-quantitative culture categories. 
 
Future studies should account for factors that can 
affect both nitrate–nitrite metabolism and caries-
associated bacterial profiles. These include dietary 
nitrate intake, timing of food and drink 
consumption, oral hygiene practices, fluoride 
exposure, antimicrobial or antibiotic use, salivary 
flow rate, buffering capacity, plaque pH, 
socioeconomic conditions, and the composition of 
the oral microbiome. Repeated measurements over 
time would help establish whether higher nitrite-
related measures precede reductions in 
Lactobacillus levels, or whether differences in 
bacterial ecology and oral-health status instead 
influence nitrate reduction and nitrite accumulation.  
 
Experimental work should also move beyond single-
strain planktonic culture and disk-diffusion models. 
Multispecies cariogenic biofilm models that include 
Lactobacillus, S. mutans, and nitrate-reducing 
commensals would allow researchers to examine 
whether nitrite affects microbial composition, acid 
production, pH dynamics, bacterial viability, and 
enamel demineralization under conditions that 
more closely resemble the oral cavity. Such studies 
should report pH, nitrate/nitrite concentrations, 
NO-related products, exposure duration, biofilm 
maturity, and clinically relevant comparator 
conditions. The potential interaction between nitrite 
and fluoride is worth further investigation, but it 
should be evaluated using dose-response 
experiments and safety assessments before any 
clinical application is considered. 
 
CONCLUSION 
This systematic review found that nitrite 
demonstrates inhibitory activity against Lactobacillus 
species in vitro. The strongest evidence for acidified 
nitrite was observed in broth-based experimental 
studies conducted under controlled low-pH 
conditions, while one disk-diffusion study also 
reported concentration-dependent inhibition by 
potassium nitrite. The available evidence indicates 
that L. acidophilus and L. casei can be inhibited by 
nitrite, although susceptibility varies according to 
nitrite concentration, pH, bacterial species, and 
experimental model. One in vitro study also reported 
that potassium nitrite combined with sodium fluoride 
produced greater inhibition of L. acidophilus than 
either low-dose agent alone; however, this finding 
was obtained using a single-strain disk-diffusion 
model and requires confirmation in clinically relevant 
biofilm systems. 
 
In contrast, clinical evidence regarding the association 
between salivary nitrite-related measures and 
Lactobacillus levels is limited to two cross-sectional
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studies and remains insufficient to establish 
causality or clinical relevance for caries prevention. 
Therefore, although acidified nitrite may have 
antibacterial potential against Lactobacillus, and 
nitrite–fluoride interactions warrant further 
investigation, well-designed prospective clinical 
studies and clinically relevant multispecies biofilm 
models are required before the role of nitrite in 
caries prevention or the potential application of 
nitrite-based interventions can be determined. 
 
REFERENCES 
[1] Ambarkova, V. (2025). Dental caries 

prevention. In A. Zawiślak (Ed.), Oral health – 
Systemic and public health approaches 
(Chapter 9). London: IntechOpen.  
DOI: 10.5772/intechopen.1009526. 
 

[2] Stepco, E., & Gonța, T. (2025). Dental caries 
and fluoride. In E. Zabokova Bilbilova (Ed.), 
Dental caries – From prevention to 
restoration (Chapter 1). IntechOpen.  
DOI: 10.5772/intechopen.1012894. 
 

[3] Theresia, T. T., Andayani, L. H., Soulissa, A. G., 
& Lestari, S. (2026). Dental caries and quality 
of life among primary school children. Dental 
Journal (Majalah Kedokteran Gigi), 59(2), 
120–125. 
 

[4] World Health Organization. (2022). Global 
oral health status report: Towards universal 
health coverage for oral health by 2030. 
World Health Organization. 

 
[5] Wen, Z. T., Huang, X., Ellepola, K., Liao, S., & Li, 

Y. (2022). Lactobacilli and human dental 
caries: More than mechanical retention. 
Microbiology, 168(6), 001196.  
DOI: 10.1099/mic.0.001196 
 

[6] Takahashi, N., & Nyvad, B. (2011). The role of 
bacteria in the caries process: Ecological 
perspectives. Journal of Dental Research, 
90(3), 294–303.  
DOI: 10.1177/0022034510379602 
 

[7] Lemos, J. A., Palmer, S. R., Zeng, L., Wen, Z. T., 
Kajfasz, J. K., Freires, I. A., Abranches, J., & Brady, 
L. J. (2019). The biology of Streptococcus 
mutans. Microbiology Spectrum, 7(1).  
DOI: 10.1128/microbiolspec.GPP3-0051-2018. 

 
[8] Nuraini, P., Wahluyo, S., & Saroso, T. Y. (2026). 

Effect of sucrose and lactose on Streptococcus 
mutans biofilm adherence. Dental Journal 
(Majalah Kedokteran Gigi), 59(1), 74–77.  
DOI: 10.20473/j.djmkg.v59.i1.p74–77. 
 

[9] Dianawati, N., Setyarini, W., Widjiastuti, I., 
Ridwan, R. D., & Kuntaman, K. (2020). The 
distribution of Streptococcus mutans and 
Streptococcus sobrinus in children with 
dental caries severity level. Dental Journal 
(Majalah Kedokteran Gigi), 53(1), 36–39.  
DOI: 10.20473/j.djmkg.v53.i1.p36–39. 

[10] Samaranayake, L. (2024). Samaranayake's 
essential microbiology for dentistry. Elsevier 
Health Sciences. 
 

[11] Nizami, M. Z. I., Chu, S., Chu, S., & Chu, C. H. 
(2025). Probiotics for caries prevention: A 
narrative review. Journal of Applied 
Biomaterials & Functional Materials, 23, 1–10. 
DOI: 10.1177/22808000251376427 

 
[12] Ahirwar, S. S., Gupta, M. K., & Snehi, S. K. 

(2019). Dental caries and Lactobacillus: Role 
and ecology in the oral cavity. International 
Journal of Pharmaceutical Sciences and 
Research, 10(11), 4818–4829.  
DOI: 10.13040/IJPSR.0975-8232.10(11).4818-29 
 

[13] Fu, D., Shu, X., Yao, L., Zhou, G., Ji, M., Liao, G., 
Zhu, Y., & Zou, L. (2025). Unveiling the dual 
nature of Lactobacillus: From cariogenic 
threat to probiotic protector–a critical review 
with bibliometric analysis. Frontiers in Oral 
Health, 6, 1535233.  
DOI: 10.3389/froh.2025.1535233 
 

[14] Szkaradkiewicz-Karpińska, A. K., & 
Szkaradkiewicz, A. (2021). Effect of 
exopolysaccharides from cariogenic bacteria 
on human gingival fibroblasts. International 
Journal of Medical Sciences, 18(12), 2666–
2672. DOI: 10.7150/ijms.57221 
 

[15] Zannini, E., Waters, D. M., Coffey, A., & Arendt, 
E. K. (2016). Production, properties, and 
industrial food application of lactic acid 
bacteria-derived exopolysaccharides. Applied 
Microbiology and Biotechnology, 100(3), 
1121–1135.  
DOI: 10.1007/s00253-015-7172-2 

 
[16] Doel, J. J., Hector, M. P., Amirtham, C. V., Al-

Anzan, L. A., Benjamin, N., & Allaker, R. P. 
(2004). Protective effect of salivary nitrate 
and microbial nitrate reductase activity 
against caries. European Journal of Oral 
Sciences, 112(5), 424–428.  
DOI: 10.1111/j.1600-0722.2004.00153.x 
 

[17] Sato-Suzuki, Y., Washio, J., Wicaksono, D. P., 
Sato, T., Fukumoto, S., & Takahashi, N. (2020). 
Nitrite-producing oral microbiome in adults 
and children. Scientific Reports, 10, 16652. 
DOI: 10.1038/s41598-020-73479-1. 
 

[18] Wicaksono, D. P., Washio, J., Abiko, Y., Domon, 
H., & Takahashi, N. (2020). Nitrite production 
from nitrate and its link with lactate 
metabolism in oral Veillonella spp. Applied 
and Environmental Microbiology, 86(20), 
e01255-20. DOI: 10.1128/AEM.01255-20. 

 
[19] Silva Mendez, L. S., Allaker, R. P., Hardie, J. M., 

& Benjamin, N. (1999). Antimicrobial effect of 
acidified nitrite on cariogenic bacteria. Oral 
Microbiology and Immunology, 14(6), 391–392.  
DOI: 10.1034/j.1399-302X.1999.140612.x

http://www.ijscia.com/


895 Available Online at www.ijscia.com | Volume 7 | Issue 6 | Nov – Dec 2026  
 

International Journal of Scientific Advances                                                                                        ISSN: 2708-7972 
  

 

[20] Radcliffe, C. E., Akram, N. C., Hurrell, F., & 
Drucker, D. B. (2002). Effects of nitrite and 
nitrate on the growth and acidogenicity of 
Streptococcus mutans. Journal of Dentistry, 
30(7–8), 325–331. DOI: 10.1016/S0300-
5712(02)00046-5 
 

[21] Radcliffe, C. E., Lamb, R., Blinkhorn, A. S., & 
Drucker, D. B. (2003). Effect of sodium nitrite 
and ascorbic acid on the growth and acid 
production of Streptococcus mutans. Journal 
of Dentistry, 31(5), 367–370.  
DOI: 10.1016/S0300-5712(03)00066-6 
 

[22] Al-Ahmad, A., Wiedmann-Al-Ahmad, M., 
Auschill, T. M., Follo, M., Braun, G., Hellwig, E., 
& Arweiler, N. B. (2008). Effects of commonly 
used food preservatives on biofilm formation 
of Streptococcus mutans in vitro. Archives of 
Oral Biology, 53(8), 765–772.  
DOI: 10.1016/j.archoralbio.2008.02.014 
 

[23] Scoffield, J., Michalek, S., Harber, G., Eipers, P., 
Morrow, C., & Wu, H. (2019). Dietary nitrite 
drives disease outcomes in oral polymicrobial 
infections. Journal of Dental Research, 98(9), 
1020–1026. 
 

[24] Xia, D. S., Liu, Y., Zhang, C. M., Yang, S. H., & 
Wang, S. L. (2006). Antimicrobial effect of 
acidified nitrate and nitrite on six common 
oral pathogens in vitro. Chinese Medical 
Journal, 119(22), 1904–1909.  
DOI: 10.1097/00029330-200611020-00010 
 

[25] Wicaksono, D. P., Saskianti, T., Dewi, A. M., 
Setiawan, K. E., Nurmatarahim, B. N., Savira, 
M. N., Qadhafi, M. H., Reviany, M., Octaviana, S. 
A., Azhar, I. S., & Setiawati, H. C. Y. (2025). The 
effect of nitrite (NO₂⁻), fluoride (F⁻), and its 
combination on Lactobacillus acidophilus. 
Fluoride, 58(13), 1. 
 

[26] Han, D. H., Kim, M. J., Jun, E. J., & Kim, J. B. 
(2013). Nitric oxide modulates levels of 
salivary lactobacilli. Acta Odontologica 
Scandinavica, 71(5), 1156–1161.  
10.3109/00016357.2012.757356 

 
[27] Page, M. J., McKenzie, J. E., Bossuyt, P. M., 

Boutron, I., Hoffmann, T. C., Mulrow, C. D., 
Shamseer, L., Tetzlaff, J. M., Akl, E. A., Brennan, 
S. E., Chou, R., Glanville, J., Grimshaw, J. M., 
Hróbjartsson, A., Lalu, M. M., Li, T., Loder, E. 
W., Mayo-Wilson, E., McDonald, S., 
McGuinness, L. A., Stewart, L. A., Thomas, J., 
Tricco, A. C., Welch, V. A., Whiting, P., Moher, 
D. (2021). The PRISMA 2020 statement: an 
updated guideline for reporting systematic 
reviews. Declaración PRISMA 2020: una guía 
actualizada para la publicación de revisiones 
sistemáticas. Revista espanola de cardiologia 
(English ed.), 74(9), 790–799.  
https://doi.org/10.1016/j.rec.2021.07.010 
 
 

[28] Joanna Briggs Institute. (2020). Critical 
appraisal checklist for analytical cross-
sectional studies. Joanna Briggs Institute. 
 

[29] Sheth, V. H., Shah, N. P., Jain, R., Bhanushali, N., 
& Bhatnagar, V. (2024). Development and 
validation of a risk-of-bias tool for assessing 
in vitro studies conducted in dentistry: The 
QUIN. The Journal of Prosthetic Dentistry, 
131(6), 1038–1042.  
DOI: 10.1016/j.prosdent.2022.05.019 
 

[30] Cammack, R., Joannou, C. L., Cui, X.-Y., Torres 
Martinez, C., Maraj, S. R., & Hughes, M. N. 
(1999). Nitrite and nitrosyl compounds in 
food preservation. Biochimica et Biophysica 
Acta (BBA) – Bioenergetics, 1411(2–3), 475–
488. DOI: 10.1016/S0005-2728(99)00033-X 
 

[31] Roberts, J. M., Milo, S., & Metcalf, D. G. (2024). 
Harnessing the power of our immune system: 
The antimicrobial and antibiofilm properties 
of nitric oxide. Microorganisms, 12(12), 2543. 
DOI: 10.3390/microorganisms12122543 

 
[32] Dykhuizen, R. S., Frazer, R., Duncan, C., Smith, 

C. C., Golden, M., Benjamin, N., & Leifert, C. 
(1996). Antimicrobial effect of acidified 
nitrite on gut pathogens: Importance of 
dietary nitrate in host defense. Antimicrobial 
Agents and Chemotherapy, 40(6), 1422–
1425. DOI: 10.1128/aac.40.6.1422 

 
[33] Azcarate-Peril, M. A., Altermann, E., Hoover-

Fitzula, R. L., Cano, R. J., & Klaenhammer, T. R. 
(2004). Identification and inactivation of genetic 
loci involved with Lactobacillus acidophilus acid 
tolerance. Applied and Environmental 
Microbiology, 70(9), 5315–5322.  
DOI: 10.1128/AEM.70.9.5315-5322.2004 

 
[34] Kristensen, M. F., Lund, M. B., Schramm, A., 

Lau, E. F., & Schlafer, S. (2023). Determinants 
of microscale pH in in situ-grown dental 
biofilms. Journal of Dental Research, 102(12), 
1348–1355.  
DOI: 10.1177/00220345231190563  

http://www.ijscia.com/

	METHODS AND ANALYSIS
	Eligibility Criteria
	Eligibility was defined according to the PICO framework, summarized in Table 1.
	 Population: human saliva or plaque samples (for clinical/observational studies) or reference/ laboratory strains of oral cariogenic bacteria (for in vitro studies), with a specific focus on Lactobacillus spp., including L. acidophilus and L. casei.
	 Exposure: nitrite, nitrate, or nitric oxide (NO), whether administered experimentally under controlled in vitro conditions or measured endogenously in saliva or dental plaque.
	 Comparator: where applicable, lower or absent nitrite/nitrate/NO exposure, such as untreated controls in in vitro studies or lower-concentration /nitrite-negative groups in clinical studies. As several included clinical studies were descriptive or c...
	 Outcome: Lactobacillus growth, survival, colony-forming unit (CFU) counts, or salivary/plaque Lactobacillus levels.
	 Study design: in vitro controlled experimental studies and cross-sectional observational/clinical studies were both eligible for inclusion.

