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Abstract
Dental caries is a global oral health issue that is prevalent and preventable. Biotics 
(probiotics, prebiotics, symbiotics, and postbiotics) are recommended as low-cost 
methods for preventing dental caries. This scoping review aimed to critically review the 
scientific evidence concerning the role of biotics in caries prevention and maintaining 
oral health benefits. A systematic search was conducted in several databases from 
2012 onward, using specific keywords. The search resulted in 69 articles. While 
there is limited research on the mechanism of biotics in preventing caries, numerous 
studies have investigated the impacts of probiotics on decreasing caries risk factors. 
Probiotics can reduce cariogenic bacteria, reduce acidogenic bacteria, increase pH, 
and produce antimicrobial compounds. Probiotics can be used as a therapeutic 
approach to manage caries by restoring eubiosis at the host–microbial interface, which 
may not be accomplished with traditional therapies. Its positive effect on reducing 
dental caries is influenced by the choice of potent probiotic strains, appropriate 
dosage, treatment period, vehicle, and microbial interaction with the host. Specific 
oral bacteria have also been shown to utilize prebiotics such as urea and arginine, 
increasing pH levels. This highlights the potential of combining prebiotic and probiotic 
bacteria for caries prevention. In addition, this review is focused on bacterial-derived 
compounds, namely postbiotics, due to their valuable effects in preventing caries. 
Biotics have demonstrated potential in preventing dental caries and maintaining oral 
health. Further research is needed to optimize their use and explore the potential of 
postbiotics for caries prevention.
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1  |  INTRODUC TION

Oral diseases pose a significant public health challenge worldwide, 
affecting individuals of all ages and stages of life. Dental caries, gingi-
vitis, periodontal disease, and cancer are among the most prevalent 
oral health disorders (Sudha et al., 2020). Dental caries is the most 
common oral health concern, affecting an estimated 3.5 billion indi-
viduals globally, and in industrialized countries, it affects 60%–90% 
of children and adults (Petersen et al., 2020). The eubiotic state of 
host–microbe interactions in the oral cavity, a complex and dynamic 
ecosystem of microorganisms that interact symbiotically with their 
human host, is essential for maintaining host health. However, this 
state can shift to a pathogenic dysbiotic state for various reasons 
(Radaic & Kapila, 2021).

The oral microbiota comprises up to a thousand different spe-
cies of microorganisms, including bacteria, fungi, viruses, archaea, 
and protozoa, which interact with the host to create a dynamic ecol-
ogy (Figure 1). The development of caries is influenced by multiple 
factors, including host genetic predisposition, inadequate oral hy-
giene, smoking habits, dietary choices, systemic health conditions, 
and decreased saliva production. Caries arise due to dysbiosis of the 
oral microbiome (Chen et al., 2021; Chen, Daliri, et al., 2020). While 
antimicrobial substances such as fluoride, chlorhexidine, triclosan, 
and antibiotics are often used to manage oral diseases, their use has 
been associated with increasing antimicrobial resistance and side 
effects, and they can also eliminate eubiotic microbes along with 
the dysbiotic ones (Marinho et  al.,  2022; Radaic & Kapila,  2021). 
Hence, alternative treatments focusing on restoring the oral mi-
crobiota equilibrium are required. Then, biotic supplementation, 
which encompasses prebiotics, probiotics, synbiotics, and postbiot-
ics, is a promising strategy for preventing and treating oral diseases 
(Figure 2). This growing interest in biotics is reflected in the expand-
ing global market for these products, particularly in oral health.

The global biotic market, particularly for probiotics, has experi-
enced substantial growth in recent years. According to a report by 
Allied Market Research, the global oral care probiotic market was 
valued at $1.2 billion in 2020 and is projected to reach $2.3 billion by 
2028, growing at a CAGR (Compound Annual Growth Rate) of 8.9% 
from 2021 to 2028 (Markets and Markets – Global Forecast to 2029). 
This growing interest in biotics for oral health can be attributed to 
several factors, including increasing consumer awareness of the lim-
itations of traditional oral care approaches, a rising preference for 
preventative oral health management, and emerging scientific evi-
dence supporting the role of beneficial microbes in maintaining oral 
homeostasis and preventing diseases like dental caries, periodontal 
disease, and halitosis (Inchingolo et al., 2023; Laleman et al., 2021). 
Developing novel biotic-based products that offer convenient and 
effective ways for consumers to incorporate these ingredients into 
their daily oral hygiene routines further drives market expansion. 
As the global population becomes more conscious of oral health's 
importance and biotics' potential to address unmet needs, the mar-
ket for these products is expected to continue its rapid expansion in 
the coming years (Innova Market Insights, 2023; Precision Business 
Insights, 2024).

Probiotics are defined as live bacteria with beneficial effects 
on the health of the host organism and have a regulatory effect on 
the host immune system via keeping microbial equilibrium (Allaker 
& Douglas,  2015; Allaker & Stephen,  2017; Fuad et  al.,  2023; 
Inchingolo et  al.,  2023). They have been shown to form a bio-
film that acts as a protective layer for oral tissues, preventing 
bacterial infections by filling the areas where pathogens would 
penetrate (Allaker & Douglas,  2015; Allaker & Stephen,  2017; 
Fuad et  al.,  2023; Meyer et  al.,  2021). Prebiotics, a selectively 
utilized substrate by host microorganisms, confer health bene-
fits, shift the microflora balance, and stimulate the development 
and activity of favorable probiotic organisms, improving host 

F I G U R E  1  Summary of interactions 
between biotics and oral health.
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health (Agarwal et al., 2022; Palai et al., 2020; You et al., 2022). 
Synbiotics, a combination of probiotics and prebiotics, may be 
more effective than either alone in preventing dental caries due 
to their synergistic effects. However, there is little evidence for 
this (Bijle, Ekambaram, et al., 2020; Kozak & Pawlik, 2023). The 
International Scientific Association for Probiotics and Prebiotics 
(ISAPP) has revised the definition of “postbiotics” as of 2021 to 
include inactivated probiotic cells and/or their components that 
still maintain the live form's health benefits to the host (Salminen 
et  al.,  2021). They are non-viable microorganisms or bioactive 
compounds released by or created through the activity of pro-
biotic microbes, including cell-free supernatants, bacteriocins, 
organic acids, secreted proteins, and biosurfactants. Postbiotics 
have shown antimicrobial activity against the microbial etiology 
of dental caries (Banakar et al., 2023; Giordani et al., 2021; Rad 
et al., 2023; Vinderola et al., 2022). However, using postbiotics to 
prevent oral diseases, especially dental caries, is a new concept, 
and few studies have reviewed their efficacy (Rad et al., 2023). In 
this scoping review, we aim to evaluate the role of biotics in den-
tal caries prevention, the data supporting their bioactivities, and 
the mechanisms behind their beneficial effects on the prevention 
of dental caries.

2  |  MATERIAL S AND METHODS

2.1  |  Study protocol

The study protocol was developed using the PRISMA-ScR 
guidelines (Tricco et al., 2018), clearly stating the study's purpose, 
search strategy, inclusion and exclusion criteria, data extraction, 
and synthesis methods. Data summary charting form were also 
developed to extract relevant information from the included 
studies.

2.2  |  Literature search

A comprehensive literature search was conducted using EMBASE, 
MEDLINE/PubMed, Google Scholar, Web of Science, Cochrane, and 
Scopus databases. The search strategy was developed using MeSH, 
Emtree, and free-text terms related to dental caries, probiotics, 
prebiotics, symbiotics, and postbiotics. The search terms used 
were “probiotic” OR “prebiotic” OR “symbiotic” OR “postbiotic” 
AND “dental caries” OR “tooth decay” OR “cariogenic bacteria” OR 
“Streptococcus mutans” OR “lactobacilli”. The search was limited to 
articles published in English since 2012. In addition, a manual search 
was conducted to include gray literature sources, such as theses, 
conference proceedings, organizational reports, websites, and 
unpublished research and data.

2.3  |  Eligibility criteria

Studies were included in the scoping review if they investigated the 
role of probiotics, prebiotics, symbiotics, or postbiotics in preventing 
dental caries. The study designs included in  vitro investigations, 
clinical trials, systematic reviews, meta-analyses, umbrella reviews, 
and narrative reviews. Only studies published in English were 
included. Commentaries, animal studies, opinions, and studies that 
did not have a keyword-specific component were excluded. Studies 
examining biotics' effects on other oral diseases or periodontitis 
were also excluded.

2.4  |  Study selection

After removing duplicates using EndNote software, two reviewers 
independently screened the titles and abstracts of the identified 
studies for eligibility. Full texts of potentially eligible articles were 
then reviewed to determine their inclusion in the scoping review. Any 
reviewer disagreements were resolved through discussion and, if 
necessary, consultation with a third reviewer. A Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) flow 
diagram was used to document the study selection process (Page 
et al., 2021).

F I G U R E  2  Prebiotics, probiotics, synbiotics, and postbiotics 
(Favero et al., 2022).
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3  |  RESULTS

3.1  |  Literature search results

The data-gathering process for this review is presented in Figure 3. 
A total of 1812 records were found, with an additional 89 studies 
located through a citation search. After screening and eligibility 
assessments, 138 full-text articles were evaluated, of which 69 
met the inclusion and exclusion criteria and were included in this 
review. Of the included studies, 42 articles assessed the effects of 
probiotics, 21 examined postbiotics, and 6 evaluated synbiotics in 
preventing dental caries. In interpreting the results, prebiotics and 
synbiotics were combined for brevity, and only those prebiotics 
whose probiotics were mentioned in the relevant study were 
included.

3.2  |  Interaction between oral microbiome and 
dental caries

The oral microbiome plays a crucial role in the host's health and 
disease condition, with interspecies and host–microbe interactions 
significantly affecting the microbial composition (Kilian et al., 2016; 
Radaic & Kapila,  2021). The oral biofilm, which contains most of 

the oral microbiome, is a dynamic bacterial population that can 
survive in low-pH environments due to its quick metabolism of 
sucrose, fructose, and glucose. Early colonizers adhere to enamel 
and periodontal tissue, forming biofilms in the mouth (Figure  4). 
The extracellular polymeric matrix (EPM), including polysaccharides, 
proteins, lipids, and extracellular DNA, is produced and released by 
surface-attached bacteria after colonization and provides bacterial 
nutrition. The EPM makes bacteria in the biofilm 1000 times more 
resistant to antibiotics than planktonic bacteria, making it more 
challenging for antibiotics to penetrate the biofilm (Topka-Bielecka 
et al., 2021).

Oral biofilms contain many different types of microbes, some 
entirely non-pathogenic, while others have pathogenic potential. 
According to the “Ecological Plaque Hypothesis,” in a healthy envi-
ronment, all microorganisms live in harmony with one another and 
the host (Radaic & Kapila, 2021). However, regular sugar consump-
tion promotes the substitution of aciduric bacterial species, par-
ticularly Streptococcus, Lactobacillus, and Actinomycetes, which are 
associated with an increased risk of caries (Giordani et al., 2021). The 
acid these bacteria produce eventually demineralizes the hydroxy-
apatite crystal, causing caries. Remineralization occurs after remov-
ing acidic residues (Valm,  2019; Zhang et  al.,  2022). Streptococcus 
mutans is one of the principal pathogens implicated in caries, and 
Lactobacillus may be considered another significant cariogenic 

F I G U R E  3  Flow diagram of screened 
records.
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    |  5BANAKAR et al.

bacterium in the oral flora after S. mutans (Ahirwar et  al.,  2019; 
Mallya & Mallya,  2020). Biotics, including probiotics, postbioics, 
and synbiotics, have recently emerged as a promising new approach 
to managing dental caries (Amargianitakis et  al.,  2021; Voidarou 
et al., 2020). Figure 5 briefly describes the role and mechanism of 
biotics in preventing dental caries.

3.3  |  The role of probiotics in dental caries

Meurman et  al.  (1994) were the first to introduce probiotics into 
dental clinical practice. Probiotics have been shown to effectively 

control the growth and proliferation of dysbiotic bacteria, especially 
cariogenic bacteria, thereby significantly preventing dental car-
ies. The mechanisms by which probiotics modify the oral environ-
ment and prevent dental caries can be categorized into four main 
categories:

1.	 Competitive exclusion: Probiotics can compete with pathogenic 
bacteria for adhesion sites and nutrients in the oral cavity. 
This competitive exclusion of pathogens is one of the main 
proposed mechanisms by which probiotics prevent dental caries 
(Allaker & Stephen,  2017; Devine et  al.,  2015; Lin et  al.,  2018; 
Shakib et al., 2020). Probiotic microorganisms can also alter the 

F I G U R E  4  Stages of dental biofilm 
(plaque) formation.

F I G U R E  5  Role of biotics in dental 
caries prevention.
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6  |    BANAKAR et al.

salivary pellicle or excrete specific biosurfactants that prevent 
pathogenic bacteria from adhering (Amargianitakis et  al.,  2021; 
Sharma et  al.,  2016).

2.	 Production of antimicrobial compounds: Probiotics can produce 
various antimicrobial compounds that inhibit the growth of cari-
ogenic bacteria. These compounds include hydrogen peroxide, 
organic acids, fatty acids, and bacteriocins (Di Pierro et al., 2015; 
López-López et  al.,  2017). For example, Lactobacillus Gorbach-
Goldin (LGG), a commonly used probiotic strain, produces an an-
tibacterial compound with a wide range of activity against both 
Gram-positive and Gram-negative bacteria (Jenab et  al.,  2020). 
Reuterin and reutericyclin, both produced by Lactobacillus reuteri, 
have antibacterial effects on target cells by generating oxidative 
stress and modifying the transmembrane (Monika et al., 2021).

3.	 Modulation of the immune system: Probiotics can stimulate and 
modulate the host immune response by increasing epithelial 
barrier function and influencing innate and adaptive immune 
responses (Diaz et al., 2012; Schincaglia et al., 2017). Probiotics 
have been shown to enhance the phagocytic activity of 
macrophages, neutrophils, and natural killer cells and interact 
with host mucosal cells through their extracellular products 
(Amargianitakis et  al.,  2021; Delcenserie et  al.,  2008). For 
instance, Bifidobacterium lactis, L. rhamnosus, and Lactobacillus 
acidophilus improve leukocyte phagocytic capability and elevate 
serum IgA levels (Ericson et  al.,  2013; Pahumunto et  al.,  2019; 
Teughels et al., 2011).

4.	 Alteration of the oral biofilm composition: Probiotics can modulate 
the oral biofilm composition through pathogen antagonistic 
interactions and co-aggregation mechanisms, which reduces 
the potential pathogen load in oral biofilm, biofilm bacteria' 
pathogenicity, and cariogenic potential (Sudha et al., 2020; Taheur 
et al., 2016). Probiotic lactobacilli can co-aggregate with S. mutans 
and other caries-associated bacteria, inhibiting the development 
of S. mutans (Hasslöf et al., 2013).

5.	 Modulation of oral pH and acidogenicity: Cariogenic bacteria thrive 
in acidic environments and produce acids that demineralize tooth 
enamel. Probiotics can directly inhibit the metabolic pathways of 
cariogenic bacteria, reducing their acid production and mitigating 
their cariogenic potential. Some probiotic strains can produce 
base compounds that neutralize the acids produced by cariogenic 
bacteria, thereby increasing oral pH and reducing the risk of 
enamel demineralization (Campus et  al.,  2014; Di Pierro,  2016; 
Ferrer et al., 2020; Lai et al., 2021; Lin et al., 2017; López-López 
et al., 2017; Saha et al., 2014).

Probiotic strains from the Streptococcus, Lactobacillus, and 
Bifidobacterium genera are the most often studied for dental caries 
(Devine & Marsh, 2009) (Table 1). Research indicates that probiotic 
supplementation can improve oral health and reduce the risk of de-
veloping caries by reducing the count of S. mutans and Lactobacillus 
in saliva or plaque (Alamoudi et  al.,  2018; Burton, Drummond, 
et al., 2013; Burton, Wescombe, et al., 2013; Campus et al., 2014; 
Cannon et  al.,  2013; Di Pierro et  al.,  2015; Ferrer et  al.,  2020; 

Ghasemi et  al.,  2017; Gizani et  al.,  2016; Jose et  al.,  2013; Juneja 
& Kakade, 2012; Kaur et al., 2018; Lai et al., 2021; Lin & Pan, 2014; 
Mahantesha et  al.,  2015; Manmontri et  al.,  2020; Pahumunto 
et  al.,  2018; Saha et  al.,  2014; Sudha et  al.,  2020; Teanpaisan & 
Piwat,  2014; Villavicencio et  al.,  2018; Wasfi et  al.,  2018; Yadav 
et  al.,  2015; Zare et  al.,  2015). Sakhare et  al.  (2021) have shown 
that long-term (21 days) administration of probiotics L. acidophilus 
(La5) and B. lactis (Bb12) may play a preventive role against caries 
by reducing the number of cariogenic bacteria. In contrast, short-
term (7 days) management does not show the same effect. In some 
other studies, we have seen the beneficial effects of B. lactis (Bb12) 
and L. acidophilus (La5) in reducing S. mutans levels with increasing 
the study period (Ashwin et  al.,  2015; Mahantesha et  al.,  2015). 
The effectiveness of probiotics in inhibiting S. mutans growth and 
plaque formation, as well as generating an acidic environment or 
bacteriocin-like polypeptides, was dependent on the specific strains 
of bacteria used (Lin et al., 2015; Schwendicke et al., 2017).

Studies have found no significant changes in the interspecies 
balance of the microbiota community in individuals who take probi-
otics (Streptococcus salivarius M18, LGG, and B. lactis BB-12) (Burton, 
Drummond, et al., 2013; Burton, Wescombe, et al., 2013; Toiviainen 
et  al.,  2015). While most studies support the role of probiotics in 
caries prevention, some studies have reported contradictory results, 
suggesting that probiotic administration may not always positively 
impact caries prevention (Aminabadi et  al.,  2011; Angarita-Díaz 
et al., 2020; Cildir et al., 2012; Gizani et al., 2016; Hasslöf et al., 2013; 
Koopaie et  al.,  2019; Lin et  al.,  2017; Nishihara et  al.,  2014; Pinto 
et al., 2014; Schwendicke et al., 2014; Stensson et al., 2014; Taipale 
et  al.,  2013; Teanpaisan & Piwat,  2014; Villavicencio et  al.,  2018). 
While promising, the field of probiotic research faces challenges in 
clinical trial design and interpretation, as highlighted by recent analy-
ses. These conflicting results underscore the need for more rigorous 
and standardized research methodologies to elucidate probiotics' 
efficacy in caries prevention fully (Al-Madhagi & Alramo,  2023). 
The probiotic used, how long the intervention lasted, the research 
methodology, and the target population's characteristics might 
all contribute to the wide range of findings seen among studies 
(Amargianitakis et  al.,  2021; Mokoena et  al.,  2016). These studies 
used probiotic bacteria from dairy products, tablets, lozenges, and 
chewing gum in various dosing regimens to treat dental caries and 
associated biofilms.

3.4  |  The role of prebiotics and synbiotics in 
dental caries

In 1995, Gibson and Roberfroid suggested prebiotics to enhance 
symbiosis among intestinal microorganisms. Prebiotics suppress 
acidogenic and aciduric microorganisms or improve pH recov-
ery by creating alkali (Gibson & Roberfroid,  1995). Interestingly, 
certain oral bacteria can utilize prebiotics such as urea and ar-
ginine, leading to the synthesis of ammonia and an increase in 
pH levels. Urea, or carbamide, can be converted into ammonia 
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and bicarbonate ions by bacteria containing the enzyme urease 
(Amargianitakis et  al.,  2021; Zaura & Twetman,  2019). Although 
there has been limited research on the supplementation of urea 
as a prebiotic for anticaries purposes, studies have shown that 
it can increase salivary pH and decrease lactic acid production, 
both contributing to the prevention of caries lesions (Zaura & 
Twetman,  2019). Arginine, present in protein-rich diets and sali-
vary polypeptides, can be degraded by the bacterial arginine 
deiminase system, producing ammonia. This process raises the cy-
toplasmic and environmental pH levels, providing a health advan-
tage by inhibiting the caries process (Amargianitakis et al., 2021; 
Zaura & Twetman, 2019). Moreover, the binding of prebiotics to 
microorganisms' pili prevents their attachment to the host sur-
face, thereby reducing the number of germs present. Prebiotics 
also enhance the production of lysozyme, an enzyme that pen-
etrates bacterial cell walls through the peptidoglycan layer, ef-
fectively killing the bacteria (Agarwal et al., 2022). Non-digestible 
fibers such as xylose, xylitol, and arabinose have shown potential 
as prebiotics that promote beneficial oral microorganism growth 
(Sato et  al.,  2017; Valladares-Diestra et  al.,  2023). These fibers 
are not broadly metabolized but elicit a metabolism biased toward 
health-promoting microorganisms within the indigenous ecosys-
tem (Bamigbade et al., 2022; Lockyer & Stanner, 2019).

This review emphasized the synbiotic potential for preventing 
dental caries by mixing the prebiotic with the probiotic (Table  2). 
The simultaneous administration of prebiotics and probiotics may 
enhance the ability to inhibit the growth of cariogenic bacteria. 
However, due to a lack of controlled clinical studies on synbiotics 
for caries prevention, evidence of their caries-preventive potential 
is weak (Amargianitakis et al., 2021; Bijle, Ekambaram, et al., 2020; 
Bijle, Neelakantan, et  al.,  2020). A scoping review has demon-
strated that synbiotics can reduce caries incidence through mech-
anisms similar to probiotics. Synbiotics help maintain a high pH in 
the oral environment, produce antimicrobial substances, compete 
with pathogenic bacteria for mucosal or binding sites, promote the 
growth of beneficial oral microorganisms, and modulate the immune 
response (Amargianitakis et al., 2021; Bijle, Ekambaram, et al., 2020; 
Bijle, Neelakantan, et al., 2020). Nunpan et al. (2017) studied a syn-
biotic mixture of galactooligosaccharides as the prebiotic and L. ac-
idophilus as the probiotic. Their findings suggest that this synbiotic 
combination could be therapeutically used to reduce the number of 
oral S. mutans.

Co-culturing S. mutans with L. acidophilus in a medium enriched 
with galactooligosaccharides or fructooligosaccharides (FOS) sig-
nificantly reduced the growth of S. mutans (Nunpan et  al.,  2019). 
However, galactooligosaccharides were ineffective as a prebiotic in a 
different study and did not enhance the ability of the probiotic L. aci-
dophilus to inhibit the development of S. mutans (Kojima et al., 2016). 
In the other research, multispecies probiotics containing L. acidoph-
ilus, L. casei, L. plantarum, L. rhamnosus, Bifidobacterium infantis, and 
Streptococcus thermophilus were used in the study as synbiotic inter-
vention. However, the prebiotic element was not discussed in detail. 
The researchers observed a significant decrease in salivary viscosity Re

fe
re

nc
es

Su
bj

ec
ts

/s
am

pl
e

Pr
ob

io
tic

s s
tr

ai
n

Ve
hi

cl
e

D
os

e
D

ur
at

io
n

Ef
fe

ct
s

W
as

fi 
et

 a
l. 

(2
01

8)
S.

 m
ut

an
s

L.
 ca

se
i s

ub
sp

ec
ie

s 
ca

se
i (

AT
CC

 
39

3)
, L

. r
eu

te
ri 

(A
TC

C 
23

27
2)

, 
L.

 pl
an

ta
ru

m
 s

ub
sp

ec
ie

s 
pl

an
ta

ru
m

 (A
TC

C 
14

91
7)

 a
nd

 L
. 

sa
liv

ar
iu

s (
AT

CC
 1

17
41

)

Ba
ct

er
ia

l c
ul

tu
re

s
–

O
ve

rn
ig

ht
 in

cu
ba

tio
n

↓ 
S.

 m
ut

an
s c

ou
nt

↓ 
C

el
l a

dh
er

en
ce

↓ 
A

ci
d 

to
le

ra
nc

e 
ge

ne
s 

(a
tp

D
 

an
d 

ag
uD

 g
en

es
), 

EP
S-

pr
od

uc
in

g 
ge

ne
s 

(g
tf

BC
D

 a
nd

 s
ac

B)
 a

nd
 

qu
or

um
-s

en
si

ng
 g

en
es

 (v
ic

K
R 

an
d 

co
m

C
D

)
↑ 

IF
N

-γ
↓ 

IL
-1

0

Ló
pe

z-
Ló

pe
z 

et
 a

l. 
(2

01
7)

St
re

pt
oc

oc
cu

s d
en

tis
an

i 
77

46
S.

 de
nt

isa
ni

Ba
ct

er
ia

l c
ul

tu
re

s
6.

5 
× 

10
8  C

FU
s/

m
L

30
 m

in
 in

cu
ba

tio
n

↑ 
In

hi
bi

to
rs

 o
f p

ep
tid

ic
 n

at
ur

e 
(b

ac
te

rio
ci

ns
)

↓ 
G

ro
w

th
 o

f S
. m

ut
an

s a
nd

 S
. 

so
br

in
us

↑ 
Bu

ff
er

s 
ac

id
ic

 p
H

S.
 de

nt
isa

ni
 7

74
7

3.
9 

× 
10

8  C
FU

s/
m

L

A
bb

re
vi

at
io

ns
: -

, n
o 

ef
fe

ct
; ↑

, i
nc

re
as

e;
 ↓

, d
ec

re
as

e;
 C

FU
, c

ol
on

y-
fo

rm
in

g 
un

its
; S

. m
ut

an
s, 

St
re

pt
oc

oc
cu

s m
ut

an
s.

TA
BL

E 
1 

 
(C

on
tin

ue
d)

 20487177, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.4473 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [28/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



12  |    BANAKAR et al.

TA
B

LE
 2

 
Sy

nb
io

tic
s 

ha
ve

 b
ee

n 
st

ud
ie

d 
fo

r t
he

ir 
ef

fe
ct

s 
on

 d
en

ta
l c

ar
ie

s 
in

 v
itr

o 
an

d 
in

 v
iv

o.

Re
fe

re
nc

es
Su

bj
ec

ts
/s

am
pl

e
Pr

ob
io

tic
Pr

eb
io

tic
Su

ita
bl

e 
pr

ob
io

tic
Su

ita
bl

e 
pr

eb
io

tic
s

Ef
fe

ct
s

Ko
jim

a 
et

 a
l. 

(2
01

6)
Ba

ct
er

ia
l c

ul
tu

re
s

40
 la

ct
ob

ac
ill

i s
tr

ai
ns

 
is

ol
at

ed
 fr

om
 o

ra
l c

av
ity

12
 s

ac
ch

ar
id

es
 (G

lu
co

se
, 

M
al

to
se

, G
al

ac
to

se
, 

La
ct

os
e,

 X
yl

os
e,

 T
re

ha
ro

se
, 

Xy
lit

ol
, A

ra
bi

no
se

, 
C

el
lo

bi
os

e,
 M

el
ez

ito
se

, 
Su

cr
os

e,
 R

af
fin

os
e)

Fi
ve

 la
ct

ob
ac

ill
i s

tr
ai

ns
 

(L
im

os
ila

ct
ob

ac
ill

us
 

fe
rm

en
tu

m
, L

ac
to

ba
ci

llu
s 

pl
an

ta
ru

m
, L

ac
to

ba
ci

llu
s 

pa
ra

ca
se

i, 
L.

 pl
an

ta
ru

m
, 

La
ct

ob
ac

ill
us

 s
pp

.)

A
ra

bi
no

se
, x

yl
os

e,
 a

nd
 

xy
lit

ol
↓ 

G
ro

w
th

 o
f C

an
di

da
 

al
bi

ca
ns

 a
nd

 P
or

ph
yr

om
on

as
 

gi
ng

iv
al

is
↓ 

Pr
od

uc
tio

n 
of

 in
so

lu
bl

e 
gl

uc
an

 b
y 

St
re

pt
oc

oc
cu

s 
m

ut
an

s
- O

ra
l m

ic
ro

bi
ot

a

N
un

pa
n 

et
 a

l. 
(2

01
9)

Ba
ct

er
ia

l c
ul

tu
re

s
S.

 m
ut

an
s a

nd
 L

ac
to

ba
ci

llu
s 

ac
id

op
hi

lu
s A

TC
C 

43
56

 
(ra

tio
 o

f 1
:1

, 1
06  ce

lls
)

G
al

ac
to

ol
ig

os
ac

ch
ar

id
es

 
(1

%
, 2

%
, 3

%
, 4

%
, a

nd
 5

%
 

v/
v)

3%
, 4

%
, a

nd
 5

%
 o

f 
ga

la
ct

oo
lig

os
ac

ch
ar

id
es

↓ 
S.

 m
ut

an
s g

ro
w

th
 ra

te
L.

 ac
id

op
hi

lu
s g

ro
w

th
 ra

te

Fr
uc

to
ol

ig
os

ac
ch

ar
id

es
 (1

%
, 

2%
, 3

%
, 4

%
, a

nd
 5

%
 v

/v
)

1%
, 2

%
, 3

%
, 4

%
, a

nd
 5

%
 

of
 fr

uc
to

ol
ig

os
ac

ch
ar

id
es

↓ 
S.

 m
ut

an
s g

ro
w

th
 ra

te
- L

. a
ci

do
ph

ilu
s g

ro
w

th
 ra

te

N
un

pa
n 

et
 a

l. 
(2

01
7)

Ba
ct

er
ia

l c
ul

tu
re

s
S.

 m
ut

an
s a

nd
 L

. a
ci

do
ph

ilu
s 

TI
ST

R 
23

65
T 

or
 D

SM
Z 

20
07

9T
 (r

at
io

 o
f 1

:2
0,

 
10

7  ce
lls

)

G
al

ac
to

ol
ig

os
ac

ch
ar

id
es

 
(1

%
 a

nd
 2

%
)

–
↑ 

S.
 m

ut
an

s g
ro

w
th

 ra
te

↑ 
L.

 ac
id

op
hi

lu
s g

ro
w

th
 ra

te

G
al

ac
to

ol
ig

os
ac

ch
ar

id
es

 
(3

%
 a

nd
 4

%
)

–
- S

. m
ut

an
s g

ro
w

th
 ra

te
- L

. a
ci

do
ph

ilu
s g

ro
w

th
 ra

te

H
er

ná
nd

ez
 e

t a
l. 

(2
02

0)
C

hi
ld

re
n 

(5
–1

5 
ye

ar
s 

ol
d,

 w
ith

 a
ct

iv
e 

de
nt

al
 c

ar
ie

s;
 n

 =
 2

4)

La
ct

iv
®

 (L
. a

ci
do

ph
ill

us
, 

La
ct

ob
ac

ill
us

 
ca

se
i, 

La
ct

ob
ac

ill
us

 
rh

am
no

su
s, 

L.
 pl

an
ta

ru
m

, 
Bi

fid
ob

ac
te

riu
m

 in
fa

nt
is,

 
an

d 
St

re
pt

oc
oc

cu
s 

th
er

m
op

hi
llu

s, 
N

at
ur

ex
 

la
bo

ra
to

rio
s),

 fo
r 6

 d
ay

s

N
ot

 m
en

tio
ne

d
↓ 

Sa
liv

ar
y 

vi
sc

os
ity

↑ 
Bu

ff
er

 c
ap

ac
ity

Bi
jle

, E
ka

m
ba

ra
m

, 
et

 a
l. 

(2
02

0)
, B

ijl
e,

 
N

ee
la

ka
nt

an
, e

t a
l. 

(2
02

0)

Ba
ct

er
ia

l c
ul

tu
re

s
L.

 rh
am

no
su

s G
G

l-
ar

gi
ni

ne
 (0

.5
%

, 1
%

, a
nd

 
2%

)
2%

 l-
ar

gi
ni

ne
↑ 

L.
 rh

am
no

su
s g

ro
w

th
 ra

te
↓ 

S.
 m

ut
an

s g
ro

w
th

 ra
te

↑ 
pH

↓ 
La

ct
ic

 a
ci

d 
pr

od
uc

tio
n

A
ga

rw
al

 e
t a

l. 
(2

02
2)

C
hi

ld
re

n 
(6

–1
0 

ye
ar

s 
ol

d,
 D

M
FT

 s
co

re
 o

f 
5;

 n
 =

 3
0)

10
0 

g 
of

 p
ro

bi
ot

ic
 y

og
ur

t, 
fo

r 1
 m

on
th

, t
w

ic
e 

da
ily

10
0 

g 
of

 re
d 

ba
na

na
 

w
hi

ch
 c

on
ta

in
s 

40
 g 

of
 

ol
ig

os
ac

ch
ar

id
e

↓ 
Sa

liv
ar

y 
S.

 m
ut

an
s c

ou
nt

↑ 
Sa

liv
ar

y 
Ig

A

A
bb

re
vi

at
io

ns
: -

, n
o 

ef
fe

ct
; ↑

, i
nc

re
as

e;
 ↓

, d
ec

re
as

e.

 20487177, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.4473 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [28/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    |  13BANAKAR et al.

compared to baseline data after 6 days of once-daily synbiotic admin-
istration, while the saliva buffer capacity was enhanced (Hernández 
et al., 2020). In an in vitro study, the impact of prebiotic l-arginine 
and probiotic LGG showed that increasing l-arginine concentrations 
promoted the growth of LGG and significantly inhibited the growth 
of S. mutans. Additionally, l-arginine significantly increased the pH 
of the medium and reduced the amount of lactic acid produced by 
LGG biofilms (Bijle, Ekambaram, et  al.,  2020; Bijle, Neelakantan, 
et al., 2020). A recent study categorized children aged 6–9 years into 
three groups: prebiotics, probiotics, and synbiotics. After a month, 
all three groups showed a significant decrease in S. mutans, with no 
discernible differences. After the intervention, the probiotic and 
synbiotic groups significantly increased salivary immunoglobulin A 
(IgA) concentrations (Agarwal et al., 2022).

3.5  |  The role of postbiotics in dental caries

Probiotics can produce metabolites such as biosurfactants, bac-
teriocins, and EPS to inhibit the adhesion and colonization of cari-
ogenic bacteria. Postbiotics have the potential to provide similar 
advantages as probiotics while potentially circumventing some of 
their limitations. Postbiotics may offer similar benefits to probi-
otics. However, their efficacy has not been conclusively proven 
or fully characterized. Recent research has shown that postbiot-
ics generated from various microorganisms can inhibit pathogen 
growth, prevent the formation of biofilms, and kill pathogenic bac-
teria (Table 3).

Jeong et al. (2018) evaluated the mRNA levels of S. mutans genes 
encoding virulence proteins related to carbohydrate metabolism 
(ftf, gtfB, and gtfC), biofilm formation (brpA, comDE, and vicR), and 
adhesion (gbpB and spaP) by reverse transcription real-time PCR. 
They found that kefiranofaciens DD2 metabolites potentially down-
regulate the expression of these virulence genes. Lactobacillus sp. 
cell-free supernatant inhibits S. mutans growth through various 
mechanisms, including the production of organic acids and perox-
ide, prevention of cell aggregation and biofilm formation, and down-
regulation of virulence genes such as acid tolerance genes (atpD 
and aguD), exopolysaccharide-producing genes (gtfBCD and sacB), 
and quorum-sensing genes (vicKR and comCD) (Wasfi et al., 2018). 
Additionally, it exerts an immunomodulatory impact by increasing 
IFN expression and decreasing IL-10 production (Wasfi et al., 2018). 
OmerOglou et al.  (2022) found that all postbiotics (Cell-free super-
natants) derived from Lactiplantibacillus spp. were beneficial in re-
ducing the growth of S. mutans, mostly via organic acid synthesis 
and in decreasing cariogenic biofilm formation via repression of 
pathogen quorum-sensing-mediated virulence genes. Lipoteichoic 
acid isolated from L. plantarum has been shown to suppress the pro-
duction of S. mutans biofilms (Ahn et al., 2018) or oral multispecies 
biofilms (Kim et al., 2019) and might be used to create potent anti-
caries agents. Research also shows that Lactobacillus spp. biosurfac-
tants significantly reduce S. mutans and S. oralis biofilm development 
and growth (Ciandrini et al., 2016). These biosurfactants effectively 

inhibit the expression of adhesive-promoting genes (gtfB/C and 
tft), which are crucial for the adhesion of S. mutans during biofilm 
formation (Salehi et  al.,  2014; Savabi et  al.,  2014; Tahmourespour 
et al., 2019). Most Lactobacillus spp. also show antimicrobial effects 
on S. mutans in their cell-free supernatant (Banakar et  al.,  2023; 
Jung et al., 2021; Kim et al., 2022; Rossoni, de Barros, et al., 2018; 
Rossoni, dos Santos Velloso, et al., 2018).

Some studies pointed to the role of Candida albicans in creat-
ing and maintaining cariogenic biofilm (James et  al.,  2016; Kim 
et al., 2017; Li et al., 2023). James et al.  (2016) have seen that the 
expression of critical genes related to biofilm formation, host cell 
invasion, and virulence in C. albicans, including ALS3, EFG1, SAP5, and 
HWP1, were downregulated by the cell-free supernatant of L. plan-
tarum, L. helveticus, and S. salivarius. Furthermore, Lactobacillus spp. 
have been demonstrated to produce acids or exometabolites that 
inhibit C. albicans growth (Song & Lee, 2017) and are linked to the 
downregulation of the ALS3, HWP1, CPH1, and EFG1 genes (Rossoni, 
de Barros, et  al.,  2018; Rossoni, dos Santos Velloso, et  al.,  2018). 
Srivastava et  al.  (2020) found that the cell-free supernatant ob-
tained from L. plantarum significantly downregulated the expression 
of hyphal development-related genes in C. albicans (HWP1, ALS1, and 
ALS3) and glucosyltransferases (gtfB, gtfC, and gtfD) in S. mutans bio-
films. Although most studies confirm the specific role of postbiotics 
similar to probiotics, Chen et al. reported that viable probiotics L. re-
uteri and Streptococcus oligofermentans could suppress the cariogenic 
effects of multispecies. However, their cell-free supernatant was in-
effective (Chen, Daliri, et al., 2020; Chen, Schlafer, et al., 2020).

4  |  DISCUSSION

This scoping review aimed to investigate the role of probiotics, syn-
biotics, and postbiotics on dental caries and cariogenic bacteria by 
focusing on new findings. Among the 42 articles reviewed, only eight 
studies reported no effect or an increase in caries lesions, while 
most indicated that probiotics reduce the risk of caries. Twenty-
two studies examined the impact of probiotics on caries-associated 
bacteria, such as S. mutans and lactobacilli. The effects of probiotic 
supplementation on S. mutans and lactobacilli levels have yielded 
conflicting results, and not all probiotic therapies have shown im-
provements in caries prevention. Specific probiotic strains have 
been shown to reduce S. mutans effectively in saliva and/or plaque 
in 23 articles and may prevent dental caries (Alamoudi et al., 2018; 
Burton, Drummond, et  al.,  2013; Burton, Wescombe, et  al.,  2013; 
Campus et  al.,  2014; Cannon et  al.,  2013; Di Pierro et  al.,  2015; 
Ferrer et  al.,  2020; Ghasemi et  al.,  2017; Jose et  al.,  2013; Juneja 
& Kakade, 2012; Kaur et al., 2018; Lai et al., 2021; Lin & Pan, 2014; 
Mahantesha et  al.,  2015; Manmontri et  al.,  2020; Pahumunto 
et  al.,  2018; Saha et  al.,  2014; Sudha et  al.,  2020; Teanpaisan & 
Piwat, 2014; Wasfi et al., 2018; Yadav et al., 2015; Zare et al., 2015). 
Conversely, 12 studies suggest that probiotics do not significantly 
affect S. mutans counts, indicating that probiotic administration 
may not positively impact caries prevention (Aminabadi et al., 2011; 
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Angarita-Díaz et  al.,  2020; Cildir et  al.,  2012; Gizani et  al.,  2016; 
Hasslöf et al., 2013; Koopaie et al., 2019; Lin et al., 2017; Nishihara 
et al., 2014; Pinto et al., 2014; Schwendicke et al., 2014; Stensson 
et al., 2014; Villavicencio et  al., 2018). Among the 15 studies that 
evaluated the effect of probiotics on lactobacilli counts, seven re-
ported a reduction in lactobacilli (Alamoudi et  al.,  2018; Cannon 
et al., 2013; Gizani et al., 2016; Javid et al., 2020; Sudha et al., 2020; 
Villavicencio et al., 2018; Zare et al., 2015). Meanwhile, the remaining 
eight studies found no effect or increased lactobacilli count in saliva 
and/or plaque (Cildir et al., 2012; Hasslöf et al., 2013; Lin et al., 2017; 
Manmontri et  al.,  2020; Nishihara et  al.,  2014; Pinto et  al.,  2014; 
Stensson et al., 2014; Teanpaisan & Piwat, 2014). The difference in 
the results of studies on the effectiveness of probiotics in reduc-
ing the levels of S. mutans and Lactobacillus can be attributed to the 
type of probiotic used, environmental factors, the combination of 
probiotics with other substances, individual differences, the method 
of administration and Inconsistencies between trials (Amargianitakis 
et al., 2021; Mahasneh & Mahasneh, 2017; Saïz et al., 2021).

Although the literature describes several mechanisms of action 
for probiotics, many of these processes remain unclear. Possible path-
ways for the positive effects of probiotics are described, including 
interaction with other microbes in the biofilm to eliminate or restrict 
pathogens, co-aggregation, competitive inhibition, production of hy-
drogen peroxide, organic acids, and bacteriocin-like compounds, as 
well as immunological effects on the mucosa, including stimulation 
of macrophage activity and phagocytosis (Allaker & Stephen, 2017; 
Devine et al., 2015; Lin et al., 2018; Shakib et al., 2020). Probiotics 
have been shown to inhibit cariogenic acidogenic and aciduric bac-
teria. However, it is important to consider that biofilm formation and 
acid production are risk factors that may influence the effects of pro-
biotic strains on caries risk (Allaker & Stephen, 2017; Amargianitakis 
et al., 2021; Cagetti et al., 2013). Seven studies have demonstrated 
increased pH and probiotics' cariostatic effects on oral biofilm's aci-
dogenicity (Campus et al., 2014; Di Pierro, 2016; Ferrer et al., 2020; 
Lai et  al.,  2021; Lin et  al.,  2017; López-López et  al.,  2017; Saha 
et al., 2014). However, five studies have reported contradictory re-
sults, indicating that the administration of probiotics does not af-
fect oral pH (Koopaie et  al.,  2019; Nishihara et  al.,  2014; Sakhare 
et al., 2021; Sudha et al., 2020; Villavicencio et al., 2018). Given the 
existing contradictions, further studies are needed to investigate the 
mechanisms of action of probiotics in caries and oral diseases, par-
ticularly their effects on immunoglobulins.

The stability of the oral microbiome significantly influences the 
effectiveness of probiotics. If the oral microbiota remains steady, 
it may exhibit resistance to alterations caused by probiotics, hence 
diminishing the effectiveness of the probiotics. Conversely, if the 
oral microbiota is unstable, it could be more prone to alterations 
caused by probiotics, thereby enhancing the effectiveness of the 
probiotics (Rad et al., 2023; Radaic & Kapila, 2021). The oral micro-
biome of children exhibits greater susceptibility to environmental 
influences than adults (Wei et al., 2021). Nevertheless, it is crucial 
to acknowledge that the efficacy of probiotics can significantly dif-
fer based on the individual and the particular strains of probiotics Re
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employed (Amargianitakis et al., 2021). Hence, although the stability 
of a child's oral microbiota can impact the efficacy of probiotics, it 
is not the sole determinant in assessing the suitability of probiotics 
for a specific individual (Amargianitakis et  al.,  2021). Yli-Knuuttila 
et al. (2006) showed that LGG could not colonize the oral cavity of 
young adults. However, they suggested that permanent colonization 
might be possible if the bacteria are administered to children at a 
young age. According to Devine and Marsh (2009), this discrepancy 
might be attributed to the variability of the child's local microbiota. 
Nevertheless, it is crucial to acknowledge that although probiot-
ics might have advantageous effects, they must be employed cau-
tiously, particularly when administered to children. Certain probiotic 
products recommended for children may have a high sugar content, 
which can potentially lead to illnesses such as diabetes, dental ero-
sion, and dental caries (Mantegazza et al., 2018).

One issue is the challenge exogenous probiotic bacteria pose 
in establishing colonization within the preexisting oral microbiota. 
In order to achieve optimal efficacy, a probiotic strain must ex-
hibit strong adhesion to dental surfaces. Lactobacilli, in particular, 
have poor tooth adhesion, raising concerns about long-term sta-
bility. Limited data are available on the concentration of probiotics 
in saliva and their persistence on tooth structure (Amargianitakis 
et  al.,  2021). Meurman et  al.  (1994) found that salivary counts of 
LGG decreased 2 weeks after discontinuing consumption of probi-
otic yogurt containing LGG, indicating that temporary colonization 
was not achieved, even in individuals with undetectable levels of lac-
tobacilli, suggesting unsuitable environmental conditions for lactoba-
cilli growth in the oral cavity of the subjects. Aminabadi et al. (2011) 
conducted a study to determine if the beneficial effects of chlor-
hexidine (CHX) in managing the oral microbiota could enhance the 
effect of LGG. The researchers concluded that CHX increased the 
stability of LGG oral colonization for at least 5 weeks after treatment 
cessation. Since probiotic bacteria cannot permanently colonize the 
oral cavity, they must be consumed daily. Therefore, incorporating 
probiotics into daily health products such as dairy products could be 
a viable approach to ensure consistent delivery (da Cruz et al., 2022). 
Long-term probiotic therapy has also been demonstrated to reduce 
the number of cariogenic bacteria, which may help prevent caries 
even though there was no such impact in short-term administration 
(Sakhare et al., 2021). Nevertheless, some studies have indicated a 
decrease in the beneficial effects of probiotics on reducing dental 
caries as the study period extends (Ashwin et al., 2015; Mahantesha 
et al., 2015).

Probiotics can be delivered by dairy food (milk, cheese, yo-
gurt, curd, gum, and ice cream) (Aminabadi et  al.,  2011; Angarita-
Díaz et  al.,  2020; Ashwin et  al.,  2015; Banakar et  al.,  2022; da 
Cruz et al., 2022; Ghasemi et al., 2017; Jose et al., 2013; Juneja & 
Kakade, 2012; Lin et al., 2017; Mahantesha et al., 2015; Manmontri 
et al., 2020; Pahumunto et al., 2018; Pinto et al., 2014; Rodríguez 
et  al.,  2016; Sakhare et  al.,  2021; Teanpaisan & Piwat,  2014; 
Villavicencio et al., 2018; Yadav et al., 2015; Zare et al., 2015). These 
products have naturally high calcium and phosphate content, which 
helps remineralize hard dental tissues and prevents the production 

of cariogenic bacteria acid (Cagetti et  al.,  2013). Individuals with 
dairy allergies may consider using alternate probiotic options such 
as capsules, liquid forms, tablets, drops, lozenges, sweetened cakes, 
and gums. Notably, one study employed chewing gums as a delivery 
vehicle (Kaur et  al.,  2018). Sugar-free chewing gum can also posi-
tively impact dental health by increasing saliva production, reduc-
ing plaque acidogenicity, and minimizing enamel demineralization 
(Banakar et al., 2022; Cagetti et al., 2013). In the remaining studies (16 
studies), probiotics were delivered through various products such as 
lozenges, tablets, drops, and powders (Alamoudi et al., 2018; Burton, 
Drummond, et al., 2013; Burton, Wescombe, et al., 2013; Campus 
et al., 2014; Cannon et al., 2013; Cildir et al., 2012; Di Pierro, 2016; Di 
Pierro et al., 2015; Ferrer et al., 2020; Gizani et al., 2016; Hedayati-
Hajikand et al., 2015; Koopaie et al., 2019; Lai et al., 2021; Laleman 
et  al.,  2015; Nishihara et  al.,  2014; Stensson et  al.,  2014; Sudha 
et al., 2020; Taipale et al., 2013). Additionally, three studies utilized 
cereals or plant-based milk, such as soy milk and cake, as delivery 
vehicles (Hasslöf et al., 2013; Koopaie et al., 2019; Lin & Pan, 2014).

Research is now being conducted to investigate the influence of 
probiotic quantity and dosage on the development of dental caries. 
According to Amargianitakis et  al.'s  (2021) review, the efficacy of 
probiotics in preventing caries may be influenced by the dosage and 
duration of their administration. Nevertheless, the literature lacks 
in-depth discussions regarding the precise dosages of probiotics and 
their direct influence on the occurrence and development of dental 
caries. Consequently, there is currently no definitive recommenda-
tion in the existing research regarding the most effective dosage of 
probiotics for preventing dental caries (Saïz et al., 2021). The effi-
cacy of probiotics also depends on an adequate quantity of viable 
probiotic cells reaching the caries surface to exert their effects. 
However, the viability and survival rate of probiotic bacteria varies 
among strains, and many probiotics may degrade in products due 
to exposure to low pH and oxygen during chilling, transportation, 
and storage (Bajaj et  al.,  2021; Evivie et  al.,  2017). Moreover, en-
suring probiotics' viability and effective delivery to the oral cavity 
remains a significant challenge. Encapsulation of probiotic bacteria 
in protective materials like alginate and carrageenan has signifi-
cantly improved their survival in food products. This strategy may 
also enhance their persistence in the oral environment and provide 
sustained oral health benefits (Afzaal et  al.,  2019). Therefore, de-
veloping micro- and nano-sized drug delivery systems encapsulat-
ing probiotics may offer some protection against environmental 
stresses (Evivie et al., 2017; Gyawali et al., 2023). Further rigorous 
clinical trials are required to ascertain the optimal probiotic combi-
nations, the suitable probiotic delivery method, and the frequency 
and dosage of probiotic administration (Amargianitakis et al., 2021; 
Saïz et al., 2021).

In healthy individuals, side effects from oral probiotics are un-
likely severe, typically mild, and digestive. However, in individuals 
with preexisting immunodeficiency conditions, there is a potential 
risk of systemic infections that may require antimicrobial treatment 
(Devine & Marsh, 2009). It is important to note that the mechanisms 
of action of probiotics in the oral environment are non-specific and 
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not solely focused on pathogenic bacteria (Chopra & Mathur, 2013; 
Ramanujam et  al.,  2019). There are several unanswered questions 
regarding using probiotics in the oral cavity. For instance, probiot-
ics' long-term safety and efficacy in the oral cavity have not been 
thoroughly investigated. Moreover, the optimal strains, dosages, and 
delivery methods for probiotics in oral health applications need to 
be determined.

Prebiotics are fermentable substances that influence the bal-
ance of microflora by providing nutrition and stimulating probiotic 
development and activity. Urea (carbamide) and arginine have been 
investigated as prebiotics for controlling dental caries. Urea sup-
plementation has been associated with calculus development, and 
limited evidence supports its preventive effects on dental caries 
(Amargianitakis et al., 2021; Zaura & Twetman, 2019). On the other 
hand, the amino acid arginine has shown prebiotic properties that 
may help reduce dental caries (Zaura & Twetman, 2019). Our find-
ings suggest that synbiotics may be a promising approach to reduc-
ing cariogenic bacteria, as they can modulate the oral microbiota 
and improve the balance between beneficial and harmful bacteria. 
Synbiotics can modulate the immune response, promote benefi-
cial bacteria growth, and inhibit oral pathogenic bacteria growth 
(Amargianitakis et  al.,  2021; Bijle, Ekambaram, et  al.,  2020; Bijle, 
Neelakantan, et al., 2020). However, there is a lack of information on 
how synbiotics, similar to probiotics, can effectively prevent caries. 
Several studies have demonstrated that synbiotic administration can 
reduce the growth of cariogenic pathogens, particularly S. mutans, 
by reducing lactic acid production, increasing pH, and stimulating 
salivary IgA production (Agarwal et  al.,  2022; Bijle, Ekambaram, 
et al., 2020; Bijle, Neelakantan, et al., 2020; Hernández et al., 2020; 
Kojima et al., 2016; Nunpan et al., 2017, 2019).

Further research is needed to learn more about the best com-
bination of prebiotics and probiotics (symbiotic) and the action of 
synbiotics against the cariogenic pathogen. Studies on synbiotics 
and dental caries are preclinical, and only a few clinical studies are 
available. Furthermore, the optimal combination and dosage, fre-
quency, and duration of synbiotic supplementation for dental caries 
prevention remain to be determined. Future clinical trials are needed 
to determine the optimal synbiotic formulation, dosage, and regimen 
for dental caries prevention.

This study also investigates the effect of postbiotics on cario-
genic bacteria, which has been less explored in previous reviews. 
Different postbiotic types, including cell-free supernatants, secreted 
proteins, bacteriocins, biosurfactants, and cell wall molecules, have 
been studied and shown promising results in preventing biofilm 
formation and caries. Postbiotics prevent the growth of cariogenic 
bacteria through mechanisms such as maintaining an acidic pH, 
antimicrobial effect through antimicrobial proteins, organic acids, 
biosurfactants, fatty acids, hydroxyl radicals, and bacteriocins, as 
well as enzymatic degradation of biofilms, and genes modification. 
The review findings suggest that postbiotics may act as anti-biofilm 
agents against various microorganisms. They may either suppress 
biofilm formation or disrupt existing biofilms. Postbiotics can also 
induce immune-modulating, antibacterial, and anti-inflammatory 
responses, making them valuable agents for combating biofilms 
(Ahn et  al.,  2018; Banakar et  al.,  2023; Chen, Daliri, et  al.,  2020; 
Chen, Schlafer, et al., 2020; Ciandrini et al., 2016; Jeong et al., 2018; 
Jung et  al.,  2021; Kim et  al.,  2019; Lin et  al.,  2015; OmerOglou 
et  al.,  2022; Rossoni, de Barros, et  al.,  2018; Rossoni, dos Santos 
Velloso, et al., 2018; Salehi et al., 2014; Savabi et al., 2014; Song & 
Lee, 2017; Srivastava et al., 2020; Tahmourespour et al., 2019; Yang 
et al., 2021). Furthermore, using postbiotics instead of probiotics in 
immunocompromised patients may be a valuable option for reduc-
ing the risk of infection. However, there is still a need for further 
research and clinical trials to fully evaluate the therapeutic potential 
of postbiotics in dental caries prevention and treatment. Figure  6 
shows the roadmap toward postbiotic therapy. This roadmap il-
lustrates the sequential progression of postbiotic development, 
starting from the initial identification of postbiotics and concluding 
with the final post-registration investigations. For preparing post-
biotics, aspects need to be considered at the industrial level, such 
as fermentation media, bacterial proliferation and concentration 
procedures, downstream processing, quality control measures, and 
standardization of the final product. Additionally, factors such as 
scalability, cost-effectiveness, and regulatory compliance must be 
considered to ensure successful postbiotic commercial production 
(Asif et al., 2023).

There were limitations in this study. There was heterogeneity 
in the methodologies used across the included studies. The input 

F I G U R E  6  A roadmap toward the 
postbiotic therapy (Favero et al., 2022).
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studies varied in their design (in vitro vs clinical trials), population 
characteristics, probiotic strains, dosage regimens, delivery meth-
ods, and duration of interventions. This made it difficult to compare 
the results directly and draw definitive conclusions. Also, clinical trial 
studies have been fewer, especially on synbiotics and postbiotics. 
More randomized controlled clinical trials are needed to validate 
the findings from preclinical research and establish the efficacy of 
synbiotics and postbiotics for caries prevention. The mechanisms of 
action of biotics remain not fully understood. While potential path-
ways have been proposed, further research is still required to eluci-
date the specific molecular and cellular mechanisms involved. In this 
study, we tried to reduce bias as much as possible with a specific 
protocol and review of most sources. However, this scoping review 
aimed to map the existing literature but did not perform quality as-
sessments of the included studies. As such, the findings may be sub-
ject to bias inherent to individual studies. Future systematic reviews 
and meta-analyses examining specific probiotic strains or combina-
tions could provide better estimates of effectiveness by incorporat-
ing risk of bias assessments.

In conclusion, most studies examined in this scoping review in-
dicate that biotics can be supportive in reducing cariogenic bacteria. 
While they cannot substitute primary preventive measures such as 
toothbrushing and flossing to prevent dental caries, biotics may be 
a valuable adjunct therapy. It is crucial to recognize that the efficacy 
of probiotics is primarily influenced by the specific strain employed. 
Factors such as the choice of a potential probiotic strain, optimal 
dosage, duration of treatment, delivery method, and interaction with 
the host all contribute to the positive outcomes of probiotic supple-
mentation. This review highlights the importance of selecting robust 
probiotics that can reduce caries-associated bacterial populations, 
generate antimicrobial compounds, and elevate oral pH levels. The 
stability of children's oral microbiota makes them an ideal target popu-
lation for probiotic interventions compared to adults. To maintain their 
effectiveness, probiotics should be consumed daily. Incorporating 
probiotics into everyday preventive health products, such as dairy 
items, maybe one approach to ensuring consistent administration. 
Combining probiotics and prebiotics, known as synbiotics, is a prom-
ising strategy for preventing and managing caries. Furthermore, this 
review draws attention to the potential benefits of postbiotics in re-
ducing cariogenic bacteria. By shifting the focus from live bacteria to 
bacteria-derived compounds, postbiotics may offer a safer alternative, 
even for immunocompromised patients, while still exerting beneficial 
effects on the host. Due to the limited knowledge regarding the ap-
plication of postbiotics in caries prevention, future clinical studies are 
recommended to examine their effectiveness and the mechanisms by 
which they exert their protective effects against dental caries.

AUTHOR CONTRIBUTIONS
Morteza Banakar: Conceptualization (equal); data curation (equal); 
formal analysis (equal); funding acquisition (equal); investigation 
(equal); methodology (equal); software (equal); validation (equal); visu-
alization (equal); writing – original draft (equal); writing – review and 
editing (equal). Gustavo Vicentis Oliveira Fernandes: Investigation 

(equal); methodology (equal); validation (equal); writing – original 
draft (equal); writing – review and editing (equal). Shahroo Etemad-
Moghadam: Conceptualization (equal); data curation (equal); formal 
analysis (equal); investigation (equal); validation (equal); visualization 
(equal); writing – original draft (equal); writing – review and editing 
(equal). Roland Frankenberger: Conceptualization (equal); data cura-
tion (equal); formal analysis (equal); investigation (equal); methodology 
(equal); validation (equal); visualization (equal); writing – original draft 
(equal); writing – review and editing (equal). Maryam Pourhajibagher: 
Conceptualization (equal); data curation (equal); formal analysis 
(equal); investigation (equal); methodology (equal); visualization 
(equal); writing – original draft (equal); writing – review and edit-
ing (equal). Majid Mehran: Conceptualization (equal); data curation 
(equal); investigation (equal); methodology (equal); validation (equal); 
visualization (equal); writing – original draft (equal); writing – review 
and editing (equal). Mohammad Hossein Yazdi: Conceptualization 
(equal); data curation (equal); formal analysis (equal); investigation 
(equal); methodology (equal); validation (equal); visualization (equal); 
writing – original draft (equal); writing – review and editing (equal). 
Roza Haghgoo: Conceptualization (equal); data curation (equal); in-
vestigation (equal); methodology (equal); resources (equal); software 
(equal); validation (equal); visualization (equal); writing – original 
draft (equal); writing – review and editing (equal). Mojgan Alaeddini: 
Conceptualization (equal); funding acquisition (equal); investigation 
(equal); methodology (equal); project administration (equal); software 
(equal); supervision (equal); visualization (equal); writing – original 
draft (equal); writing – review and editing (equal).

ACKNOWLEDG MENTS
This work was supported by Dental Research Center, Dentistry 
Research Institute, Tehran University of Medical Sciences (TUMS) 
(grant number 1401.33.32.88).

CONFLIC T OF INTERE S T S TATEMENT
The authors declare no competing interests.

DATA AVAIL ABILIT Y S TATEMENT
All data are available within the article.

ORCID
Morteza Banakar   https://orcid.org/0000-0003-1715-0198 
Gustavo Vicentis Oliveira Fernandes   https://orcid.
org/0000-0003-3022-4390 
Roza Haghgoo   https://orcid.org/0000-0001-8059-0343 
Mojgan Alaeddini   https://orcid.org/0000-0002-3634-7992 

R E FE R E N C E S
Afzaal, M., Khan, A. U., Saeed, F., Ahmed, A., Ahmad, M. H., Maan, A. A., 

Tufail, T., Anjum, F. M., & Hussain, S. (2019). Functional exploration 
of free and encapsulated probiotic bacteria in yogurt and simulated 
gastrointestinal conditions. Food Science & Nutrition, 7(12), 3931–
3940. https://​doi.​org/​10.​1002/​fsn3.​1254

Agarwal, M., Konde, S., Peethambar, P., & Ravindran, S. (2022). Prebiotics 
– A primeval measure to combat dental caries: A short-term 

 20487177, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.4473 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [28/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0003-1715-0198
https://orcid.org/0000-0003-1715-0198
https://orcid.org/0000-0003-3022-4390
https://orcid.org/0000-0003-3022-4390
https://orcid.org/0000-0003-3022-4390
https://orcid.org/0000-0001-8059-0343
https://orcid.org/0000-0001-8059-0343
https://orcid.org/0000-0002-3634-7992
https://orcid.org/0000-0002-3634-7992
https://doi.org/10.1002/fsn3.1254


20  |    BANAKAR et al.

clinical study. International Journal of Clinical Pediatric Dentistry, 15, 
S234–S238. https://​doi.​org/​10.​5005/​jp-​journ​als-​10005​-​2165

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, 4818–4829. 
https://​doi.​org/​10.​13040/​​IJPSR.​0975-​8232.​10(11).​4818-​29

Ahn, K. B., Baik, J. E., Park, O. J., Yun, C. H., & Han, S. H. (2018). 
Lactobacillus plantarum lipoteichoic acid inhibits biofilm formation 
of Streptococcus mutans. PLoS One, 13(2), e0192694. https://​doi.​
org/​10.​1371/​journ​al.​pone.​0192694

Alamoudi, N. M., Almabadi, E. S., El Ashiry, E. A., & El Derwi, D. A. (2018). 
Effect of probiotic Lactobacillus reuteri on salivary cariogenic bac-
terial counts among groups of preschool children in Jeddah, Saudi 
Arabia: A randomized clinical trial. Journal of Clinical Pediatric 
Dentistry, 42(5), 331–338. https://​doi.​org/​10.​17796/​​1053-​4625-​
42.5.​2

Allaker, R. P., & Douglas, C. W. I. (2015). Non-conventional therapeu-
tics for oral infections. Virulence, 6(3), 196–207. https://​doi.​org/​10.​
4161/​21505​594.​2014.​983783

Allaker, R. P., & Stephen, A. S. (2017). Use of probiotics and oral health. 
Current Oral Health Reports, 4(4), 309–318. https://​doi.​org/​10.​
1007/​s4049​6-​017-​0159-​6

Al-Madhagi, H., & Alramo, A. (2023). Clinical trials of probiotics: Current 
outlook. Food Science & Nutrition, 12(3), 2192–2194. https://​doi.​
org/​10.​1002/​fsn3.​3884

Amargianitakis, M., Antoniadou, M., Rahiotis, C., & Varzakas, T. (2021). 
Probiotics, prebiotics, synbiotics and dental caries. New perspec-
tives, suggestions, and patient coaching approach for a cavity-free 
mouth. Applied Sciences, 11(12), 5472. https://​doi.​org/​10.​3390/​
app11​12547230

Aminabadi, N. A., Erfanparast, L., Ebrahimi, A., & Oskouei, S. G. (2011). 
Effect of chlorhexidine pretreatment on the stability of salivary lac-
tobacilli probiotic in six- to twelve-year-old children: A randomized 
controlled trial. Caries Research, 45(2), 148–154. https://​doi.​org/​10.​
1159/​00032​5741

Angarita-Díaz, M., Forero-Escobar, D., Cerón-Bastidas, X., Cisneros-
Hidalgo, C., Dávila-Narvaez, F., Bedoya-Correa, C., Freitas, S. C., 
Cabrera-Arango, C. L., & Melo-Colina, R. (2020). Effects of a func-
tional food supplemented with probiotics on biological factors re-
lated to dental caries in children: A pilot study. European Archives of 
Paediatric Dentistry, 21(1), 161–169. https://​doi.​org/​10.​1007/​s4036​
8-​019-​00468​-​y

Ashwin, D., Vijayaprasad, K., Taranath, M., Ramagoni, N. K., Nara, A., & 
Sarpangala, M. (2015). Effect of probiotic containing ice-cream on 
salivary mutans streptococci (SMS) levels in children of 6–12 years 
of age: A randomized controlled double blind study with six-months 
follow up. Journal of Clinical and Diagnostic Research, 9(2), ZC06–
ZC09. https://​doi.​org/​10.​7860/​JCDR/​2015/​10942.​5532

Asif, A., Afzaal, M., Shahid, H., Saeed, F., Ahmed, A., Shah, Y. A., Ejaz, A., 
Ghani, S., Ateeq, H., & Khan, M. R. (2023). Probing the functional 
and therapeutic properties of postbiotics in relation to their indus-
trial application. Food Science & Nutrition, 11, 4472–4484. https://​
doi.​org/​10.​1002/​fsn3.​3465

Bajaj, B. K., Claes, I. J., & Lebeer, S. (2021). Functional mechanisms of 
probiotics. Journal of Microbiology, Biotechnology and Food Sciences, 
2021, 321–327.

Bamigbade, G. B., Subhash, A. J., Kamal-Eldin, A., Nyström, L., & Ayyash, 
M. (2022). An updated review on prebiotics: Insights on potentials 
of food seeds waste as source of potential prebiotics. Molecules, 
27(18), 5947. https://​doi.​org/​10.​3390/​molec​ules2​7185947

Banakar, M., Moayedi, S., Shamsoddin, E., Vahedi, Z., Banakar, M. H., 
Mousavi, S. M., Rokaya, D., & Lankarani, K. B. (2022). Chewing gums 
as a drug delivery approach for oral health. International Journal of 
Dentistry, 2022, 9430988.

Banakar, M., Pourhajibagher, M., Etemad-Moghadam, S., Mehran, 
M., Yazdi, M. H., Haghgoo, R., Alaeddini, M., & Frankenberger, 

R. (2023). Antimicrobial effects of postbiotic mediators derived 
from Lactobacillus rhamnosus GG and Lactobacillus reuteri on 
Streptococcus mutans. Frontiers in Bioscience-Landmark, 28, 88. 
https://​doi.​org/​10.​31083/​j.​fbl28​05088​

Bijle, M. N., Ekambaram, M., Lo, E. C. M., & Yiu, C. K. Y. (2020). Synbiotics 
in caries prevention: A scoping review. PLoS One, 15(8), e0237547. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​0237547

Bijle, M. N., Neelakantan, P., Ekambaram, M., Lo, E. C. M., & Yiu, C. K. 
Y. (2020). Effect of a novel synbiotic on Streptococcus mutans. 
Scientific Reports, 10(1), 7951. https://​doi.​org/​10.​1038/​s4159​8-​
020-​64956​-​8

Burton, J. P., Drummond, B. K., Chilcott, C. N., Tagg, J. R., Thomson, W. 
M., Hale, J. D., & Wescombe, P. A. (2013). Influence of the probi-
otic Streptococcus salivarius strain M18 on indices of dental health 
in children: A randomized double-blind, placebo-controlled trial. 
Journal of Medical Microbiology, 62(6), 875–884.

Burton, J. P., Wescombe, P. A., Macklaim, J. M., Chai, M. H. C., 
MacDonald, K., Hale, J. D. F., Tagg, J., Reid, G., Gloor, G. B., 
& Cadieux, P. A. (2013). Persistence of the oral probiotic 
Streptococcus salivarius M18 is dose dependent and megaplasmid 
transfer can augment their bacteriocin production and adhesion 
characteristics. PLoS One, 8(6), e65991. https://​doi.​org/​10.​1371/​
journ​al.​pone.​0065991

Cagetti, M. G., Mastroberardino, S., Milia, E., Cocco, F., Lingström, P., & 
Campus, G. (2013). The use of probiotic strains in caries preven-
tion: A systematic review. Nutrients, 5(7), 2530–2550. https://​doi.​
org/​10.​3390/​nu507​2530

Campus, G., Cocco, F., Carta, G., Cagetti, M. G., Simark-Mattson, C., 
Strohmenger, L., & Lingström, P. (2014). Effect of a daily dose of 
Lactobacillus brevis CD2 lozenges in high caries risk schoolchildren. 
Clinical Oral Investigations, 18(2), 555–561.

Cannon, M., Trent, B., Vorachek, A., Kramer, S., & Esterly, R. (2013). 
Effectiveness of CRT at measuring the salivary level of bacteria 
in caries prone children with probiotic therapy. Journal of Clinical 
Pediatric Dentistry, 38(1), 55–60. https://​doi.​org/​10.​17796/​​jcpd.​
38.1.​b4816​24264​142082

Chen, J., Kong, L., Peng, X., Chen, Y., Ren, B., Li, M., Li, J., Zhou, X., & 
Cheng, L. (2021). Core microbiota promotes the development of 
dental caries. Applied Sciences, 11(8), 3638.

Chen, X., Daliri, E. B.-M., Kim, N., Kim, J.-R., Yoo, D., & Oh, D.-H. (2020). 
Microbial etiology and prevention of dental caries: Exploiting natu-
ral products to inhibit cariogenic biofilms. Pathogens, 9(7), 569.

Chen, Z., Schlafer, S., Göstemeyer, G., & Schwendicke, F. (2020). Probiotic 
effects on multispecies biofilm composition, architecture, and car-
ies activity in vitro. Microorganisms, 8(9), 1272. https://​doi.​org/​10.​
3390/​micro​organ​isms8​091272

Chopra, R., & Mathur, S. (2013). Probiotics in dentistry: A boon or sham. 
Dental Research Journal (Isfahan), 10(3), 302–306.

Ciandrini, E., Campana, R., Casettari, L., Perinelli, D. R., Fagioli, L., Manti, 
A., Palmieri, G. F., Papa, S., & Baffone, W. (2016). Characterization 
of biosurfactants produced by Lactobacillus spp. and their ac-
tivity against oral streptococci biofilm. Applied Microbiology and 
Biotechnology, 100(15), 6767–6777. https://​doi.​org/​10.​1007/​s0025​
3-​016-​7531-​7

Cildir, S. K., Sandalli, N., Nazli, S., Alp, F., & Caglar, E. (2012). A novel 
delivery system of probiotic drop and its effect on dental caries 
risk factors in cleft lip/palate children. The Cleft Palate-Craniofacial 
Journal, 49(3), 369–372. https://​doi.​org/​10.​1597/​10-​035

da Cruz, M. F., Magno, M. B., Jural, L. A., Pimentel, T. C., Ferreira, D. M., 
Esmerino, E. A., Ramos, G. L., Gomila, J. V., Silva, M. C., da Cruz, A. 
G., & da Silva Fidalgo, T. K. (2022). Probiotics and dairy products in 
dentistry: A bibliometric and critical review of randomized clinical 
trials. Food Research International, 157, 111228.

Delcenserie, V., Martel, D., Lamoureux, M., Amiot, J., Boutin, Y., & Roy, 
D. (2008). Immunomodulatory effects of probiotics in the intestinal 
tract. Current Issues in Molecular Biology, 10(1–2), 37–54.

 20487177, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.4473 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [28/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.5005/jp-journals-10005-2165
https://doi.org/10.13040/IJPSR.0975-8232.10(11).4818-29
https://doi.org/10.1371/journal.pone.0192694
https://doi.org/10.1371/journal.pone.0192694
https://doi.org/10.17796/1053-4625-42.5.2
https://doi.org/10.17796/1053-4625-42.5.2
https://doi.org/10.4161/21505594.2014.983783
https://doi.org/10.4161/21505594.2014.983783
https://doi.org/10.1007/s40496-017-0159-6
https://doi.org/10.1007/s40496-017-0159-6
https://doi.org/10.1002/fsn3.3884
https://doi.org/10.1002/fsn3.3884
https://doi.org/10.3390/app1112547230
https://doi.org/10.3390/app1112547230
https://doi.org/10.1159/000325741
https://doi.org/10.1159/000325741
https://doi.org/10.1007/s40368-019-00468-y
https://doi.org/10.1007/s40368-019-00468-y
https://doi.org/10.7860/JCDR/2015/10942.5532
https://doi.org/10.1002/fsn3.3465
https://doi.org/10.1002/fsn3.3465
https://doi.org/10.3390/molecules27185947
https://doi.org/10.31083/j.fbl2805088
https://doi.org/10.1371/journal.pone.0237547
https://doi.org/10.1038/s41598-020-64956-8
https://doi.org/10.1038/s41598-020-64956-8
https://doi.org/10.1371/journal.pone.0065991
https://doi.org/10.1371/journal.pone.0065991
https://doi.org/10.3390/nu5072530
https://doi.org/10.3390/nu5072530
https://doi.org/10.17796/jcpd.38.1.b481624264142082
https://doi.org/10.17796/jcpd.38.1.b481624264142082
https://doi.org/10.3390/microorganisms8091272
https://doi.org/10.3390/microorganisms8091272
https://doi.org/10.1007/s00253-016-7531-7
https://doi.org/10.1007/s00253-016-7531-7
https://doi.org/10.1597/10-035


    |  21BANAKAR et al.

Devine, D. A., & Marsh, P. D. (2009). Prospects for the development 
of probiotics and prebiotics for oral applications. Journal of Oral 
Microbiology, 1(1), 1–10. https://​doi.​org/​10.​3402/​jom.​v1i0.​1949

Devine, D. A., Marsh, P. D., & Meade, J. (2015). Modulation of host re-
sponses by oral commensal bacteria. Journal of Oral Microbiology, 7, 
26941. https://​doi.​org/​10.​3402/​jom.​v7.​26941​

Di Pierro, F. (2016). Probiotics to prevent tooth decay. Nutrafood, 15, 
79–82.

Di Pierro, F., Zanvit, A., Nobili, P., Risso, P., & Fornaini, C. (2015). Cariogram 
outcome after 90 days of oral treatment with Streptococcus sali-
varius M18 in children at high risk for dental caries: Results of a 
randomized, controlled study. Clinical, Cosmetic and Investigational 
Dentistry, 7, 107–113. https://​doi.​org/​10.​2147/​CCIDE.​S93066

Diaz, P. I., Xie, Z., Sobue, T., Thompson, A., Biyikoglu, B., Ricker, A., 
Ikonomou, L., & Dongari-Bagtzoglou, A. (2012). Synergistic inter-
action between Candida albicans and commensal oral streptococci 
in a novel in  vitro mucosal model. Infection and Immunity, 80(2), 
620–632.

Ericson, D., Hamberg, K., Bratthall, G., Sinkiewicz-Enggren, G., & 
Ljunggren, L. (2013). Salivary IgA response to probiotic bacteria 
and mutans streptococci after the use of chewing gum containing 
Lactobacillus reuteri. Pathogens and Disease, 68(3), 82–87. https://​
doi.​org/​10.​1111/​2049-​632x.​12048​

Evivie, S. E., Huo, G.-C., Igene, J. O., & Bian, X. (2017). Some current ap-
plications, limitations and future perspectives of lactic acid bacteria 
as probiotics. Food & Nutrition Research, 61(1), 1318034. https://​doi.​
org/​10.​1080/​16546​628.​2017.​1318034

Favero, C., Giordano, L., Mihaila, S. M., Masereeuw, R., Ortiz, A., & 
Sanchez-Niño, M. D. (2022). Postbiotics and kidney disease. Toxins, 
14(9), 623.

Ferrer, M. D., López-López, A., Nicolescu, T., Salavert, A., Méndez, I., 
Cuñé, J., Llena, C., & Mira, A. (2020). A pilot study to assess oral 
colonization and pH buffering by the probiotic Streptococcus den-
tisani under different dosing regimes. Odontology, 108(2), 180–187. 
https://​doi.​org/​10.​1007/​s1026​6-​019-​00458​-​y

Fuad, A. S. M., Amran, N. A., Nasruddin, N. S., Burhanudin, N. A., Dashper, 
S., & Arzmi, M. H. (2023). The mechanisms of probiotics, prebiotics, 
synbiotics, and postbiotics in oral cancer management. Probiotics 
and Antimicrobial Proteins, 15, 1298–1311.

Ghasemi, E., Mazaheri, R., & Tahmourespour, A. (2017). Effect of probi-
otic yogurt and xylitol-containing chewing gums on salivary S. mu-
tans count. The Journal of Clinical Pediatric Dentistry, 41(4), 257–263. 
https://​doi.​org/​10.​17796/​​1053-​4628-​41.4.​257

Gibson, G. R., & Roberfroid, M. B. (1995). Dietary modulation of the 
human colonic microbiota: Introducing the concept of prebiotics. 
The Journal of Nutrition, 125(6), 1401–1412.

Giordani, B., Parolin, C., & Vitali, B. (2021). Lactobacilli as anti-biofilm 
strategy in oral infectious diseases: A mini-review. Frontiers in 
Medical Technology, 3769172, 769172.

Gizani, S., Petsi, G., Twetman, S., Caroni, C., Makou, M., & Papagianoulis, 
L. (2016). Effect of the probiotic bacterium Lactobacillus reuteri on 
white spot lesion development in orthodontic patients. European 
Journal of Orthodontics, 38(1), 85–89. https://​doi.​org/​10.​1093/​ejo/​
cjv015

Gyawali, I., Zhou, G., Xu, G., Li, G., Wang, Y., Zeng, Y., Li, J., Zhou, J., 
Zhu, C., Shu, G., & Jiang, Q. (2023). Supplementation of microen-
capsulated probiotics modulates gut health and intestinal microbi-
ota. Food Science & Nutrition, 11(8), 4547–4561. https://​doi.​org/​10.​
1002/​fsn3.​3414

Hasslöf, P., West, C., Videhult, F. K., Brandelius, C., & Stecksén-Blicks, C. 
(2013). Early intervention with probiotic Lactobacillus paracasei F19 
has no long-term effect on caries experience. Caries Research, 47(6), 
559–565. https://​doi.​org/​10.​1159/​00035​0524

Hedayati-Hajikand, T., Lundberg, U., Eldh, C., & Twetman, S. (2015). 
Effect of probiotic chewing tablets on early childhood caries – A 

randomized controlled trial. BMC Oral Health, 15(1), 112. https://​
doi.​org/​10.​1186/​s1290​3-​015-​0096-​5

Hernández, Y., Medina, B., Mendoza, E., Sánchez-Vargas, L. O., Alvarado, 
D., & Aranda-Romo, S. (2020). Short-term effect of a synbiotic in 
salivary viscosity and buffering capacity; a quasi-experimental 
study. Journal of Oral Research, 9(2), 98–103.

Inchingolo, F., Inchingolo, A. M., Malcangi, G., De Leonardis, N., Sardano, 
R., Pezzolla, C., de Ruvo, E., Di Venere, D., Palermo, A., Inchingolo, 
A. D., Corriero, A., & Dipalma, G. (2023). The benefits of probiotics 
on oral health: Systematic review of the literature. Pharmaceuticals, 
16, 1313.

Innova Market Insights. (2023). Prebiotics, probiotics and postbiotics in 
modern consumer markets. https://​www.​innov​amark​etins​ights.​
com/​trends/​probi​otics​-​market/​

James, K., MacDonald, K., Chanyi, R., Cadieux, P., & Burton, J. (2016). 
Inhibition of Candida albicans biofilm formation and modulation 
of gene expression by probiotic cells and supernatant. Journal of 
Medical Microbiology, 65(4), 328–336. https://​doi.​org/​10.​1099/​
jmm.0.​000226

Javid, A. Z., Amerian, E., Basir, L., Ekrami, A., Haghighizadeh, M. H., & 
Maghsoumi-Norouzabad, L. (2020). Effects of the consumption of 
probiotic yogurt containing Bifidobacterium lactis Bb12 on the levels 
of Streptococcus mutans and lactobacilli in saliva of students with ini-
tial stages of dental caries: A double-blind randomized controlled trial. 
Caries Research, 54(1), 68–74. https://​doi.​org/​10.​1159/​00050​4164

Jenab, A., Roghanian, R., & Emtiazi, G. (2020). Bacterial natural com-
pounds with anti-inflammatory and immunomodulatory prop-
erties (mini review). Drug Design, Development and Therapy, 14, 
3787–3801.

Jeong, D., Kim, D.-H., Song, K.-Y., & Seo, K.-H. (2018). Antimicrobial and 
anti-biofilm activities of Lactobacillus kefiranofaciens DD2 against 
oral pathogens. Journal of Oral Microbiology, 10(1), 1472985. https://​
doi.​org/​10.​1080/​20002​297.​2018.​1472985

Jose, J. E., Padmanabhan, S., & Chitharanjan, A. B. (2013). Systemic 
consumption of probiotic curd and use of probiotic toothpaste to 
reduce Streptococcus mutans in plaque around orthodontic brack-
ets. American Journal of Orthodontics and Dentofacial Orthopedics, 
144(1), 67–72. https://​doi.​org/​10.​1016/j.​ajodo.​2013.​02.​023

Juneja, A., & Kakade, A. (2012). Evaluating the effect of probiotic con-
taining milk on salivary mutans streptococci levels. Journal of 
Clinical Pediatric Dentistry, 37(1), 9–14. https://​doi.​org/​10.​17796/​​
jcpd.​37.1.​tq911​78m7w​876644

Jung, J.-I., Baek, S.-M., Nguyen, T. H., Kim, J. W., Kang, C.-H., Kim, S., & 
Imm, J.-Y. (2021). Effects of probiotic culture supernatant on cario-
genic biofilm formation and RANKL-induced osteoclastogenesis in 
RAW 264.7 macrophages. Molecules, 26(3), 733. https://​doi.​org/​10.​
3390/​molec​ules2​6030733

Kaur, K., Nekkanti, S., Madiyal, M., & Choudhary, P. (2018). Effect of 
chewing gums containing probiotics and xylitol on oral health in 
children: A randomized controlled trial. Journal of International Oral 
Health, 10(5), 237.

Kilian, M., Chapple, I., Hannig, M., Marsh, P., Meuric, V., Pedersen, A. M. 
L., Tonetti, M. S., Wade, W. G., & Zaura, E. (2016). The oral micro-
biome – An update for oral healthcare professionals. British Dental 
Journal, 221(10), 657–666.

Kim, A. R., Ahn, K. B., Yun, C. H., Park, O. J., Perinpanayagam, H., 
Yoo, Y. J., Kum, K.-Y., & Han, S. H. (2019). Lactobacillus planta-
rum lipoteichoic acid inhibits oral multispecies biofilm. Journal 
of Endodontics, 45(3), 310–315. https://​doi.​org/​10.​1016/j.​joen.​
2018.​12.​007

Kim, D., Sengupta, A., Niepa, T. H. R., Lee, B.-H., Weljie, A., Freitas-Blanco, 
V. S., Murata, R. M., Stebe, K. J., Lee, D., & Kooa, H. (2017). Candida 
albicans stimulates Streptococcus mutans microcolony development 
via cross-kingdom biofilm-derived metabolites. Scientific Reports, 7, 
41332. https://​doi.​org/​10.​1038/​srep4​1332

 20487177, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.4473 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [28/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.3402/jom.v1i0.1949
https://doi.org/10.3402/jom.v7.26941
https://doi.org/10.2147/CCIDE.S93066
https://doi.org/10.1111/2049-632x.12048
https://doi.org/10.1111/2049-632x.12048
https://doi.org/10.1080/16546628.2017.1318034
https://doi.org/10.1080/16546628.2017.1318034
https://doi.org/10.1007/s10266-019-00458-y
https://doi.org/10.17796/1053-4628-41.4.257
https://doi.org/10.1093/ejo/cjv015
https://doi.org/10.1093/ejo/cjv015
https://doi.org/10.1002/fsn3.3414
https://doi.org/10.1002/fsn3.3414
https://doi.org/10.1159/000350524
https://doi.org/10.1186/s12903-015-0096-5
https://doi.org/10.1186/s12903-015-0096-5
https://www.innovamarketinsights.com/trends/probiotics-market/
https://www.innovamarketinsights.com/trends/probiotics-market/
https://doi.org/10.1099/jmm.0.000226
https://doi.org/10.1099/jmm.0.000226
https://doi.org/10.1159/000504164
https://doi.org/10.1080/20002297.2018.1472985
https://doi.org/10.1080/20002297.2018.1472985
https://doi.org/10.1016/j.ajodo.2013.02.023
https://doi.org/10.17796/jcpd.37.1.tq91178m7w876644
https://doi.org/10.17796/jcpd.37.1.tq91178m7w876644
https://doi.org/10.3390/molecules26030733
https://doi.org/10.3390/molecules26030733
https://doi.org/10.1016/j.joen.2018.12.007
https://doi.org/10.1016/j.joen.2018.12.007
https://doi.org/10.1038/srep41332


22  |    BANAKAR et al.

Kim, J. H., Jang, H. J., Lee, N.-K., & Paik, H.-D. (2022). Antibacterial and an-
tibiofilm effect of cell-free supernatant of Lactobacillus brevis KCCM 
202399 isolated from Korean fermented food against Streptococcus 
mutans KCTC 5458. Journal of Microbiology and Biotechnology, 32, 
56–63. https://​doi.​org/​10.​4014/​jmb.​2109.​09045​

Kojima, Y., Ohshima, T., Seneviratne, C. J., & Maeda, N. (2016). Combining 
prebiotics and probiotics to develop novel synbiotics that suppress 
oral pathogens. Journal of Oral Biosciences, 58(1), 27–32. https://​doi.​
org/​10.​1016/j.​job.​2015.​08.​004

Koopaie, M., Fatahzadeh, M., Jahangir, S., & Bakhtiari, R. (2019). 
Comparison of the effect of regular and probiotic cake (Bacillus 
coagulans) on salivary pH and Streptococcus mutans count. Dental 
Medical Problems, 56(1), 33–38. https://​doi.​org/​10.​17219/​​dmp/​
99757​

Kozak, M., & Pawlik, A. (2023). The role of the oral microbiome in the 
development of diseases. International Journal of Molecular Sciences, 
24, 5231. https://​doi.​org/​10.​3390/​ijms2​4065231

Lai, S., Lingström, P., Cagetti, M. G., Cocco, F., Meloni, G., Arrica, M. A., 
& Campus, G. (2021). Effect of Lactobacillus brevis CD2 containing 
lozenges and plaque pH and cariogenic bacteria in diabetic children: 
A randomised clinical trial. Clinical Oral Investigations, 25(1), 115–
123. https://​doi.​org/​10.​1007/​s0078​4-​020-​03342​-​0

Laleman, I., Detailleur, V., Slot, D. E., & Van Meerbeek, B. (2021). The 
effect of probiotics on halitosis: A systematic review. Journal of 
Clinical Periodontology, 48(S25), S144–S155. https://​doi.​org/​10.​
1111/​jcpe.​13415​

Laleman, I., Yilmaz, E., Ozcelik, O., Haytac, C., Pauwels, M., Herrero, E. 
R., Slomka, V., Quirynen, M., Alkaya, B., & Teughels, W. (2015). The 
effect of a streptococci containing probiotic in periodontal ther-
apy: A randomized controlled trial. Journal of Clinical Periodontology, 
42(11), 1032–1041. https://​doi.​org/​10.​1111/​jcpe.​12464​

Li, Y., Huang, S., Du, J., Wu, M., & Huang, X. (2023). Current and pro-
spective therapeutic strategies: Tackling Candida albicans and 
Streptococcus mutans cross-kingdom biofilm. Frontiers in Cellular and 
Infection Microbiology, 13, 1106231. https://​doi.​org/​10.​3389/​fcimb.​
2023.​1106231

Lin, T.-H., Lin, C.-H., & Pan, T.-M. (2018). The implication of probiot-
ics in the prevention of dental caries. Applied Microbiology and 
Biotechnology, 102(2), 577–586.

Lin, T.-H., & Pan, T.-M. (2014). Inhibitory effect of Lactobacillus paracasei 
subsp. paracasei NTU 101 on rat dental caries. Journal of Functional 
Foods, 10, 223–231. https://​doi.​org/​10.​1016/j.​jff.​2014.​06.​015

Lin, X., Chen, X., Chen, Y., Jiang, W., & Chen, H. (2015). The effect of five 
probiotic lactobacilli strains on the growth and biofilm formation of 
Streptococcus mutans. Oral Diseases, 21(1), e128–e134. https://​doi.​
org/​10.​1111/​odi.​12257​

Lin, Y.-T. J., Chou, C.-C., & Hsu, C.-Y. S. (2017). Effects of Lactobacillus 
casei Shirota intake on caries risk in children. Journal of Dental 
Sciences, 12(2), 179–184.

Lockyer, S., & Stanner, S. (2019). Prebiotics – An added benefit of some 
fibre types. Nutrition Bulletin, 44(1), 74–91. https://​doi.​org/​10.​
1111/​nbu.​12366​

López-López, A., Camelo-Castillo, A., Ferrer, M. D., Simon-Soro, Á., & 
Mira, A. (2017). Health-associated niche inhabitants as oral probi-
otics: The case of Streptococcus dentisani. Frontiers in Microbiology, 
8, 379. https://​doi.​org/​10.​3389/​fmicb.​2017.​00379​

Mahantesha, T., Reddy, K. M. P., Kumar, N. H. P., Nara, A., Ashwin, D., & 
Buddiga, V. (2015). Comparative study of probiotic ice cream and 
probiotic drink on salivary Streptococcus mutans levels in 6–12 years 
age group children. Journal of International Oral Health, 7(9), 47–50.

Mahasneh, S. A., & Mahasneh, A. M. (2017). Probiotics: A promising role 
in dental health. Dentistry Journal, 5(4), 26.

Mallya, P. S., & Mallya, S. (2020). Microbiology and clinical implications of 
dental caries – A review. Journal of Evolution of Medical and Dental 
Sciences, 9, 3670–3675. https://​doi.​org/​10.​14260/​​jemds/​​2020/​
805

Manmontri, C., Nirunsittirat, A., Piwat, S., Wattanarat, O., Pahumunto, N., 
Makeudom, A., Sastraruji, T., Krisanaprakornkit, S., & Teanpaisan, 
R. (2020). Reduction of Streptococcus mutans by probiotic milk: A 
multicenter randomized controlled trial. Clinical Oral Investigations, 
24(7), 2363–2374. https://​doi.​org/​10.​1007/​s0078​4-​019-​03095​-​5

Mantegazza, C., Molinari, P., D'Auria, E., Sonnino, M., Morelli, L., & 
Zuccotti, G. V. (2018). Probiotics and antibiotic-associated diarrhea 
in children: A review and new evidence on Lactobacillus rhamnosus 
GG during and after antibiotic treatment. Pharmacolical Research, 
128, 63–72.

Marinho, V. T., dos Reis, A. C., & da Costa Valente, M. L. (2022). Efficacy of 
antimicrobial agents in dentifrices: A systematic review. Antibiotics, 
11(10), 1413.

Markets and Markets. (n.d.). Probiotics market by product type (functional 
food & beverages (FnB), dietary supplements, and feed), ingredient 
(bacteria and yeast), end user (human and animal), distribution channel 
and region – global forecast to 2029. https://​www.​marke​tsand​marke​
ts.​com/​Marke​t-​Repor​ts/​probi​otics​-​marke​t-​69.​html

Meurman, J., Antila, H., & Salminen, S. (1994). Recovery of Lactobacillus 
strain GG (ATCC 53103) from saliva of healthy volunteers after 
consumption of yoghurt prepared with the bacterium. Microbial 
Ecology in Health and Disease, 76, 295–298.

Meyer, F., Enax, J., Epple, M., Amaechi, B. T., & Simader, B. (2021). 
Cariogenic biofilms: Development, properties, and biomimetic pre-
ventive agents. Dentistry Journal, 9, 88. https://​doi.​org/​10.​3390/​
dj908​0088

Mokoena, M. P., Mutanda, T., & Olaniran, A. O. (2016). Perspectives on 
the probiotic potential of lactic acid bacteria from African tradi-
tional fermented foods and beverages. Food & Nutrition Research, 
60(1), 29630.

Monika, K., Malik, T., Gehlot, R., Rekha, K., Kumari, A., Sindhu, R., & 
Rohilla, P. (2021). Antimicrobial property of probiotics. Environment 
Conservation Journal, 22, 33–48. https://​doi.​org/​10.​36953/​​ECJ.​
2021.​SE.​220

Nishihara, T., Suzuki, N., Yoneda, M., & Hirofuji, T. (2014). Effects of 
Lactobacillus salivarius-containing tablets on caries risk factors: 
A randomized open-label clinical trial. BMC Oral Health, 14, 110. 
https://​doi.​org/​10.​1186/​1472-​6831-​14-​110

Nunpan, S., Suwannachart, C., & Wayakanon, K. (2017). The inhibition of 
dental caries pathogen by using prebiotic and probiotic combina-
tion. JDAT DFCT, 67, 31–38.

Nunpan, S., Suwannachart, C., & Wayakanon, K. (2019). Effect of 
prebiotics-enhanced probiotics on the growth of Streptococcus mu-
tans. International Journal of Microbiology, 2019, 4623807. https://​
doi.​org/​10.​1155/​2019/​4623807

OmerOglou, E., Karaca, B., Kibar, H., Haliscelik, O., & Kiran, F. (2022). 
The role of microbiota-derived postbiotic mediators on biofilm for-
mation and quorum sensing-mediated virulence of Streptococcus 
mutans: A perspective on preventing dental caries. Microbial 
Pathogenesis, 164, 105390. https://​doi.​org/​10.​1016/j.​micpa​th.​
2022.​105390

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., … Moher, 
D. (2021). The PRISMA 2020 statement: An updated guideline for 
reporting systematic reviews. BMJ, 372, n71. https://​doi.​org/​10.​
1136/​bmj.​n71

Pahumunto, N., Piwat, S., Chankanka, O., Akkarachaneeyakorn, N., 
Rangsitsathian, K., & Teanpaisan, R. (2018). Reducing mutans 
streptococci and caries development by Lactobacillus paracasei 
SD1 in preschool children: A randomized placebo-controlled trial. 
Acta Odontologica Scandinavica, 76(5), 331–337. https://​doi.​org/​10.​
1080/​00016​357.​2018.​1453083

Pahumunto, N., Sophatha, B., Piwat, S., & Teanpaisan, R. (2019). 
Increasing salivary IgA and reducing Streptococcus mutans by 

 20487177, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.4473 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [28/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.4014/jmb.2109.09045
https://doi.org/10.1016/j.job.2015.08.004
https://doi.org/10.1016/j.job.2015.08.004
https://doi.org/10.17219/dmp/99757
https://doi.org/10.17219/dmp/99757
https://doi.org/10.3390/ijms24065231
https://doi.org/10.1007/s00784-020-03342-0
https://doi.org/10.1111/jcpe.13415
https://doi.org/10.1111/jcpe.13415
https://doi.org/10.1111/jcpe.12464
https://doi.org/10.3389/fcimb.2023.1106231
https://doi.org/10.3389/fcimb.2023.1106231
https://doi.org/10.1016/j.jff.2014.06.015
https://doi.org/10.1111/odi.12257
https://doi.org/10.1111/odi.12257
https://doi.org/10.1111/nbu.12366
https://doi.org/10.1111/nbu.12366
https://doi.org/10.3389/fmicb.2017.00379
https://doi.org/10.14260/jemds/2020/805
https://doi.org/10.14260/jemds/2020/805
https://doi.org/10.1007/s00784-019-03095-5
https://www.marketsandmarkets.com/Market-Reports/probiotics-market-69.html
https://www.marketsandmarkets.com/Market-Reports/probiotics-market-69.html
https://doi.org/10.3390/dj9080088
https://doi.org/10.3390/dj9080088
https://doi.org/10.36953/ECJ.2021.SE.220
https://doi.org/10.36953/ECJ.2021.SE.220
https://doi.org/10.1186/1472-6831-14-110
https://doi.org/10.1155/2019/4623807
https://doi.org/10.1155/2019/4623807
https://doi.org/10.1016/j.micpath.2022.105390
https://doi.org/10.1016/j.micpath.2022.105390
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1080/00016357.2018.1453083
https://doi.org/10.1080/00016357.2018.1453083


    |  23BANAKAR et al.

probiotic Lactobacillus paracasei SD1: A double-blind, randomized, 
controlled study. Journal of Dental Science, 14(2), 178–184. https://​
doi.​org/​10.​1016/j.​jds.​2019.​01.​008

Palai, S., Derecho, C. M. P., Kesh, S. S., Egbuna, C., & Onyeike, P. C. (2020). 
Prebiotics, probiotics, synbiotics and its importance in the man-
agement of diseases. Functional Foods and Nutraceuticals: Bioactive 
Components, Formulations and Innovations, 1, 173–196. https://​doi.​
org/​10.​1007/​978-​3-​030-​42319​-​3_​10

Petersen, P. E., Baez, R. J., & Ogawa, H. (2020). Global application of 
oral disease prevention and health promotion as measured 10 years 
after the 2007 world health assembly statement on oral health. 
Community Dentistry and Oral Epidemiology, 48(4), 338–348.

Pinto, G. S., Cenci, M. S., Azevedo, M. S., Epifanio, M., & Jones, M. H. 
(2014). Effect of yogurt containing Bifidobacterium animalis subsp. 
lactis DN-173010 probiotic on dental plaque and saliva in ortho-
dontic patients. Caries Research, 48(1), 63–68. https://​doi.​org/​10.​
1159/​00035​3467

Precision Business Insights. (2024). Probiotics, prebiotics, and postbiot-
ics market size 2030. https://​www.​preci​sionb​usine​ssins​ights.​com/​
marke​t-​repor​ts/​probi​otics​-​prebi​otics​-​and-​postb​iotic​s-​market

Rad, A. H., Pourjafar, H., & Mirzakhani, E. (2023). A comprehensive re-
view of the application of probiotics and postbiotics in oral health. 
Frontiers in Cellular and Infection Microbiology, 13, 1120995. https://​
doi.​org/​10.​3389/​fcimb.​2023.​1120995

Radaic, A., & Kapila, Y. L. (2021). The oralome and its dysbiosis: New 
insights into oral microbiome-host interactions. Computational and 
Structural Biotechnology Journal, 19, 1335–1360. https://​doi.​org/​10.​
1016/j.​csbj.​2021.​02.​010

Ramanujam, P. S., Poorni, S., Srinivasan, M. R., & Sureshbabu, N. (2019). 
Probiotics in dental caries prevention. The Indian Journal of Nutrition 
and Dietetics, 56, 84–91. https://​doi.​org/​10.​21048/​​ijnd.​2019.​56.1.​
22609​

Rodríguez, G., Ruiz, B., Faleiros, S., Vistoso, A., Marró, M. L., Sánchez, J., 
Urzúa, I., & Cabello, R. (2016). Probiotic compared with standard 
milk for high-caries children: A cluster randomized trial. Journal of 
Dental Research, 95(4), 402–407. https://​doi.​org/​10.​1177/​00220​
34515​623935

Rossoni, R. D., de Barros, P. P., de Alvarenga, J. A., Ribeiro, F. C., Velloso, 
M. D. S., Fuchs, B. B., Mylonakis, E., Jorge, A. O. C., & Junqueira, J. 
C. (2018). Antifungal activity of clinical Lactobacillus strains against 
Candida albicans biofilms: Identification of potential probiotic 
candidates to prevent oral candidiasis. Biofouling, 34(2), 212–225. 
https://​doi.​org/​10.​1080/​08927​014.​2018.​1425402

Rossoni, R. D., dos Santos Velloso, M., de Barros, P. P., de Alvarenga, 
J. A., Dos Santos, J. D., dos Santos Prado, A. C. C., Ribeiro, F. C., 
Anbinder, A. L., & Junqueira, J. C. (2018). Inhibitory effect of probi-
otic Lactobacillus supernatants from the oral cavity on Streptococcus 
mutans biofilms. Microbial Pathogenesis, 123, 361–367.

Saha, S., Tomaro-Duchesneau, C., Rodes, L., Malhotra, M., Tabrizian, M., 
& Prakash, S. (2014). Investigation of probiotic bacteria as dental 
caries and periodontal disease biotherapeutics. Beneficial Microbes, 
5(4), 447–460. https://​doi.​org/​10.​3920/​bm2014.​0011

Saïz, P., Taveira, N., & Alves, R. (2021). Probiotics in oral health and dis-
ease: A systematic review. Applied Sciences, 11(17), 8070. https://​
doi.​org/​10.​3390/​app11​178070

Sakhare, S., Shantanu, C., Mopagar, V., Hadpe, H. S., Choughule, K., 
Dahapute, S., Shetty, S., & Joshi, S. (2021). A comparative evalua-
tion of probiotic formulations in prevention of dental caries: A clin-
ical study. Journal of the Indian Society of Pedodontics and Preventive 
Dentistry, 39(4), 416–422. https://​doi.​org/​10.​4103/​jisppd.​jisppd_​
236_​21

Salehi, R., Savabi, O., Kazemi, M., Kamali, S., Salehi, A. R., Eslami, G., & 
Tahmourespour, A. (2014). Effects of Lactobacillus reuteri-derived 
biosurfactant on the gene expression profile of essential adhe-
sion genes (gtfB, gtfC and ftf) of Streptococcus mutans. Advanced 

Biomedical Research, 3, 169. https://​doi.​org/​10.​4103/​2277-​9175.​
139134

Salminen, S., Collado, M. C., Endo, A., Hill, C., Lebeer, S., Quigley, E. 
M. M., Sanders, M. E., Shamir, R., Swann, J. R., Szajewska, H., & 
Vinderola, G. (2021). The International Scientific Association of 
Probiotics and Prebiotics (ISAPP) consensus statement on the defi-
nition and scope of postbiotics. Nature Reviews Gastroenterology & 
Hepatology, 18, 649–667.

Sato, T., Kusuhara, S., Yokoi, W., Ito, M., & Miyazaki, K. (2017). Prebiotic 
potential of L-sorbose and xylitol in promoting the growth and met-
abolic activity of specific butyrate-producing bacteria in human 
fecal culture. FEMS Microbiology Ecology, 93, fiw227. https://​doi.​
org/​10.​1093/​femsec/​fiw227

Savabi, O., Kazemi, M., Kamali, S., Salehi, A. R., Eslami, G., Tahmourespour, 
A., & Salehi, R. (2014). Effects of biosurfactant produced by 
Lactobacillus casei on gtfB, gtfC, and ftf gene expression level in S. 
mutans by real-time RT-PCR. Advanced Biomedical Research, 3, 231. 
https://​doi.​org/​10.​4103/​2277-​9175.​145729

Schincaglia, G., Hong, B., Rosania, A., Barasz, J., Thompson, A., Sobue, 
T., Panagakos, F., Burleson, J. A., Dongari-Bagtzoglou, A., & Diaz, 
P. (2017). Clinical, immune, and microbiome traits of gingivitis and 
peri-implant mucositis. Journal of Dental Research, 96(1), 47–55.

Schwendicke, F., Dörfer, C., Kneist, S., Meyer-Lueckel, H., & Paris, S. 
(2014). Cariogenic effects of probiotic Lactobacillus rhamnosus GG 
in a dental biofilm model. Caries Research, 48(3), 186–192. https://​
doi.​org/​10.​1159/​00035​5907

Schwendicke, F., Korte, F., Dörfer, C. E., Kneist, S., El-Sayed, K. F., & Paris, 
S. (2017). Inhibition of Streptococcus mutans growth and biofilm for-
mation by probiotics in vitro. Caries Research, 51, 87–95. https://​doi.​
org/​10.​1159/​00045​2960

Shakib, P., Rouhi, S., & Zolfaghari, M. (2020). The role of probiotics in 
preventing dental caries. Plant Biotechnology Persa, 2(1), 55–58.

Sharma, D., Saharan, B. S., & Kapil, S. (2016). Biosurfactants of lactic acid 
bacteria. Springer.

Song, Y. G., & Lee, S. H. (2017). Inhibitory effects of Lactobacillus rham-
nosus and Lactobacillus casei on Candida biofilm of denture surface. 
Archives of Oral Biology, 76, 1–6. https://​doi.​org/​10.​1016/j.​archo​
ralbio.​2016.​12.​014

Srivastava, N., Ellepola, K., Venkiteswaran, N., Chai, L. Y. A., Ohshima, 
T., & Seneviratne, C. J. (2020). Lactobacillus plantarum 108 inhibits 
Streptococcus mutans and Candida albicans mixed-species biofilm 
formation. Antibiotics (Basel), 9(8), 478. https://​doi.​org/​10.​3390/​
antib​iotic​s9080478

Stensson, M., Koch, G., Coric, S., Abrahamsson, T., Jenmalm, M., Birkhed, 
D., & Wendt, L.-K. (2014). Oral administration of Lactobacillus re-
uteri during the first year of life reduces caries prevalence in the 
primary dentition at 9 years of age. Caries Research, 48(2), 111–117. 
https://​doi.​org/​10.​1159/​00035​4412

Sudha, M. R., Neelamraju, J., Surendra Reddy, M., & Kumar, M. (2020). 
Evaluation of the effect of probiotic Bacillus coagulans unique IS2 
on mutans Streptococci and lactobacilli levels in saliva and plaque: 
A double-blind, randomized, placebo-controlled study in children. 
International Journal of Dentistry, 2020, 8891708. https://​doi.​org/​
10.​1155/​2020/​8891708

Taheur, F. B., Kouidhi, B., Fdhila, K., Elabed, H., Slama, R. B., Mahdouani, 
K., Bakhrouf, A., & Chaieb, K. (2016). Anti-bacterial and anti-biofilm 
activity of probiotic bacteria against oral pathogens. Microbial 
Pathogenesis, 97, 213–220.

Tahmourespour, A., Kasra-Kermanshahi, R., & Salehi, R. (2019). 
Lactobacillus rhamnosus biosurfactant inhibits biofilm formation 
and gene expression of caries-inducing Streptococcus mutans. 
Dental Research Journal (Isfahan), 16(2), 87–94.

Taipale, T., Pienihäkkinen, K., Alanen, P., Jokela, J., & Söderling, E. (2013). 
Administration of Bifidobacteriumanimalis subsp. lactis BB-12 in 
early childhood: A post-trial effect on caries occurrence at four 

 20487177, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.4473 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [28/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.jds.2019.01.008
https://doi.org/10.1016/j.jds.2019.01.008
https://doi.org/10.1007/978-3-030-42319-3_10
https://doi.org/10.1007/978-3-030-42319-3_10
https://doi.org/10.1159/000353467
https://doi.org/10.1159/000353467
https://www.precisionbusinessinsights.com/market-reports/probiotics-prebiotics-and-postbiotics-market
https://www.precisionbusinessinsights.com/market-reports/probiotics-prebiotics-and-postbiotics-market
https://doi.org/10.3389/fcimb.2023.1120995
https://doi.org/10.3389/fcimb.2023.1120995
https://doi.org/10.1016/j.csbj.2021.02.010
https://doi.org/10.1016/j.csbj.2021.02.010
https://doi.org/10.21048/ijnd.2019.56.1.22609
https://doi.org/10.21048/ijnd.2019.56.1.22609
https://doi.org/10.1177/0022034515623935
https://doi.org/10.1177/0022034515623935
https://doi.org/10.1080/08927014.2018.1425402
https://doi.org/10.3920/bm2014.0011
https://doi.org/10.3390/app11178070
https://doi.org/10.3390/app11178070
https://doi.org/10.4103/jisppd.jisppd_236_21
https://doi.org/10.4103/jisppd.jisppd_236_21
https://doi.org/10.4103/2277-9175.139134
https://doi.org/10.4103/2277-9175.139134
https://doi.org/10.1093/femsec/fiw227
https://doi.org/10.1093/femsec/fiw227
https://doi.org/10.4103/2277-9175.145729
https://doi.org/10.1159/000355907
https://doi.org/10.1159/000355907
https://doi.org/10.1159/000452960
https://doi.org/10.1159/000452960
https://doi.org/10.1016/j.archoralbio.2016.12.014
https://doi.org/10.1016/j.archoralbio.2016.12.014
https://doi.org/10.3390/antibiotics9080478
https://doi.org/10.3390/antibiotics9080478
https://doi.org/10.1159/000354412
https://doi.org/10.1155/2020/8891708
https://doi.org/10.1155/2020/8891708


24  |    BANAKAR et al.

years of age. Caries Research, 47(5), 364–372. https://​doi.​org/​10.​
1159/​00034​8424

Teanpaisan, R., & Piwat, S. (2014). Lactobacillus paracasei SD1, a novel 
probiotic, reduces mutans streptococci in human volunteers: A ran-
domized placebo-controlled trial. Clinical Oral Investigations, 18(3), 
857–862. https://​doi.​org/​10.​1007/​s0078​4-​013-​1057-​5

Teughels, W., Loozen, G., & Quirynen, M. (2011). Do probiotics offer op-
portunities to manipulate the periodontal oral microbiota? Journal 
of Clinical Periodontology, 38, 159–177.

Toiviainen, A., Jalasvuori, H., Lahti, E., Gursoy, U., Salminen, S., Fontana, 
M., Flannagan, S., Eckert, G., Kokaras, A., Paster, B., & Söderling, 
E. (2015). Impact of orally administered lozenges with Lactobacillus 
rhamnosus GG and Bifidobacterium animalis subsp. lactis BB-12 on 
the number of salivary mutans streptococci, amount of plaque, 
gingival inflammation and the oral microbiome in healthy adults. 
Clinical Oral Investigations, 19(1), 77–83. https://​doi.​org/​10.​1007/​
s0078​4-​014-​1221-​6

Topka-Bielecka, G., Dydecka, A., Necel, A., Bloch, S., Nejman-Faleńczyk, 
B., Węgrzyn, G., & Węgrzyn, A. (2021). Bacteriophage-derived 
depolymerases against bacterial biofilm. Antibiotics, 10(2), 175. 
https://​doi.​org/​10.​3390/​antib​iotic​s1002​0175

Tricco, A. C., Lillie, E., Zarin, W., O'Brien, K. K., Colquhoun, H., Levac, D., 
Moher, D., Peters, M. D. J., Horsley, T., Weeks, L., Hempel, S., Akl, 
E. A., Chang, C., McGowan, J., Stewart, L., Hartling, L., Aldcroft, A., 
Wilson, M. G., Garritty, C., … Straus, S. E. (2018). PRISMA exten-
sion for scoping reviews (PRISMA-ScR): Checklist and explanation. 
Annals of Internal Medicine, 169(7), 467–473. https://​doi.​org/​10.​
7326/​M18-​0850

Valladares-Diestra, K. K., Vandenberghe, L. P. S., Vieira, S., Goyzueta-
Mamani, L. D., de Mattos, P. B. G., Manzoki, M. C., Soccol, V. T., 
& Soccol, C. R. (2023). The potential of xylooligosaccharides as 
prebiotics and their sustainable production from agro-industrial 
by-products. Foods, 12, 2681. https://​doi.​org/​10.​3390/​foods​
12142681

Valm, A. M. (2019). The structure of dental plaque microbial communities 
in the transition from health to dental caries and periodontal dis-
ease. Journal of Molecular Biology, 431(16), 2957–2969.

Villavicencio, J., Villegas, L. M., Arango, M. C., Arias, S., & Triana, F. (2018). 
Effects of a food enriched with probiotics on Streptococcus mutans 
and Lactobacillus spp. salivary counts in preschool children: A clus-
ter randomized trial. Journal of Applied Oral Science, 26, e20170318. 
https://​doi.​org/​10.​1590/​1678-​7757-​2017-​0318

Vinderola, G., Sanders, M. E., & Salminen, S. (2022). The concept of post-
biotics. Foods, 11, 1077. https://​doi.​org/​10.​3390/​foods​11081077

Voidarou, C., Antoniadou, M., Rozos, G., Tzora, A., Skoufos, I., Varzakas, 
T., Lagiou, A., & Bezirtzoglou, E. (2020). Fermentative foods: 
Microbiology, biochemistry, potential human health benefits and 
public health issues. Foods, 10(1), 69. https://​doi.​org/​10.​3390/​
foods​10010069

Wasfi, R., Abd El-Rahman, O. A., Zafer, M. M., & Ashour, H. M. (2018). 
Probiotic Lactobacillus sp. inhibit growth, biofilm formation and 

gene expression of caries-inducing Streptococcus mutans. Journal of 
Cellular and Molecular Medicine, 22(3), 1972–1983. https://​doi.​org/​
10.​1111/​jcmm.​13496​

Wei, F., Sun, X., Gao, Y., Dou, H., Liu, Y., Su, L., Luo, H., Zhu, C., Zhang, 
Q., Tong, P., Ren, W., Xun, Z., Guo, R., Guan, Y., Li, S., Qi, Y., Qin, J., 
Chen, F., & Zheng, S. (2021). Is oral microbiome of children able to 
maintain resistance and functional stability in response to short-
term interference of ingesta? Protein & Cell, 12, 502–510. https://​
doi.​org/​10.​1007/​s1323​8-​020-​00774​-​y

Yadav, M., Poornima, P., Roshan, N., Prachi, N., Veena, M., & Neena, I. 
(2015). Evaluation of probiotic milk on salivary mutans streptococci 
count: An in vivo microbiological study. Journal of Clinical Pediatric 
Dentistry, 39(1), 23–26. https://​doi.​org/​10.​17796/​​jcpd.​39.1.​u433n​
8w245​511781

Yang, K. M., Kim, J.-S., Kim, H.-S., Kim, Y.-Y., Oh, J.-K., Jung, H.-W., Park, 
D.-S., & Bae, K.-H. (2021). Lactobacillus reuteri AN417 cell-free 
culture supernatant as a novel antibacterial agent targeting oral 
pathogenic bacteria. Scientific Reports, 11(1), 1631. https://​doi.​org/​
10.​1038/​s4159​8-​020-​80921​-​x

Yli-Knuuttila, H., Snäll, J., Kari, K., & Meurman, J. H. (2006). Colonization 
of Lactobacillus rhamnosus GG in the oral cavity. Oral Microbiology 
and Immunology, 21(2), 129–131. https://​doi.​org/​10.​1111/j.​1399-​
302X.​2006.​00258.​x

You, S., Ma, Y., Yan, B., Pei, W., Wu, Q., Ding, C., & Huang, C. (2022). 
The promotion mechanism of prebiotics for probiotics: A review. 
Frontiers in Nutrition, 9, 1000517. https://​doi.​org/​10.​1007/​978-​3-​
030-​42319​-​3_​10

Zare, J. A., Amerian, E., Basir, L., Ekrami, A., & Haghighi, Z. M. H. 
(2015). Effects of short-term consumption of probiotic yogurt on 
Streptococcus mutans and lactobacilli levels in 18–30 years old stu-
dents with initial stages of dental caries in Ahvaz City. Nutrition and 
Food Sciences Research, 2, 7–12.

Zaura, E., & Twetman, S. (2019). Critical appraisal of oral pre- and pro-
biotics for caries prevention and care. Caries Research, 53(5), 514–
526. https://​doi.​org/​10.​1159/​00049​9037

Zhang, J. S., Chu, C.-H., & Yu, O. Y. (2022). Oral microbiome and dental 
caries development. Dentistry Journal, 10(10), 184. https://​doi.​org/​
10.​3390/​dj101​00184​

How to cite this article: Banakar, M., Fernandes, G. V. O., 
Etemad-Moghadam, S., Frankenberger, R., Pourhajibagher, 
M., Mehran, M., Yazdi, M. H., Haghgoo, R., & Alaeddini, M. 
(2024). The strategic role of biotics in dental caries 
prevention: A scoping review. Food Science & Nutrition, 00, 
1–24. https://doi.org/10.1002/fsn3.4473

 20487177, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.4473 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [28/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1159/000348424
https://doi.org/10.1159/000348424
https://doi.org/10.1007/s00784-013-1057-5
https://doi.org/10.1007/s00784-014-1221-6
https://doi.org/10.1007/s00784-014-1221-6
https://doi.org/10.3390/antibiotics10020175
https://doi.org/10.7326/M18-0850
https://doi.org/10.7326/M18-0850
https://doi.org/10.3390/foods12142681
https://doi.org/10.3390/foods12142681
https://doi.org/10.1590/1678-7757-2017-0318
https://doi.org/10.3390/foods11081077
https://doi.org/10.3390/foods10010069
https://doi.org/10.3390/foods10010069
https://doi.org/10.1111/jcmm.13496
https://doi.org/10.1111/jcmm.13496
https://doi.org/10.1007/s13238-020-00774-y
https://doi.org/10.1007/s13238-020-00774-y
https://doi.org/10.17796/jcpd.39.1.u433n8w245511781
https://doi.org/10.17796/jcpd.39.1.u433n8w245511781
https://doi.org/10.1038/s41598-020-80921-x
https://doi.org/10.1038/s41598-020-80921-x
https://doi.org/10.1111/j.1399-302X.2006.00258.x
https://doi.org/10.1111/j.1399-302X.2006.00258.x
https://doi.org/10.1007/978-3-030-42319-3_10
https://doi.org/10.1007/978-3-030-42319-3_10
https://doi.org/10.1159/000499037
https://doi.org/10.3390/dj10100184
https://doi.org/10.3390/dj10100184
https://doi.org/10.1002/fsn3.4473

	The strategic role of biotics in dental caries prevention: A scoping review
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Study protocol
	2.2|Literature search
	2.3|Eligibility criteria
	2.4|Study selection

	3|RESULTS
	3.1|Literature search results
	3.2|Interaction between oral microbiome and dental caries
	3.3|The role of probiotics in dental caries
	3.4|The role of prebiotics and synbiotics in dental caries
	3.5|The role of postbiotics in dental caries

	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


