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Background: Dental caries is a widespread chronic disease globally, driven by the 
interaction of dietary sugars, host factors, and cariogenic bacteria such as Streptococcus 
mutans (S. mutans), alongside early colonizers like Streptococcus sanguinis and biofilm-
initiating species such as Actinomyces. The formation of bacterial biofilms plays a central 
role in disease development by creating adhesive microbial communities that protect 
bacteria and facilitate acid production, leading to enamel demineralization. Traditional 
antimicrobial strategies often struggle to eliminate resilient biofilms, posing significant 
challenges for effective caries management. Objective: This review explores the 
structural components and functional dynamics of cariogenic biofilms, including acid 
tolerance, resistance mechanisms, and extracellular polymeric substance production. It 
integrates advancements in biofilm-targeted therapeutic strategies that emerged 
between 2015 and 2025. Methods: The review focuses on microbiological and 
experimental research published within this decade, analyzing strategies involving small 
molecule inhibitors, probiotics, bacteriocins, and enzymatic degradation techniques that 
specifically target S. mutans biofilms while maintaining oral microbiota balance. Results: 
Small molecule inhibitors such as ZY354, 3F1, and LCG-N25, along with probiotics like 
Lactobacillus reuteri and bacteriocins derived from Enterococcus faecalis (enterocins), 
have demonstrated significant inhibition of S. mutans biofilms. Enzymatic matrix 
degradation approaches have shown effectiveness in enhancing antimicrobial penetration 
and fluoride uptake, offering a promising addition to traditional therapies. Findings 
suggest that these emerging therapies can significantly reduce biofilm resilience and 
lower the incidence of dental caries. Conclusion: This decade-long analysis highlights the 
potential of precision-targeted interventions to advance dental caries prevention and 
management by improving biofilm control and supporting the maintenance of a healthier 
oral microbiome. 
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INTRODUCTION 
Bacterial infection by Streptococcus mutans (S. mutans) 
produces tooth decay, better known as cavities, which results in 
the demineralization of enamel leading to cavities. S. mutans is a 
key bacterium associated with dental caries because of its ability 
to produce acids from fermentable carbohydrates (1). This 
process is often triggered by the consumption of sugars, which 
are fermented by normal oral bacteria to produce acids. Acid then 
damages the tooth structure, creating cavities (2). Dental caries 
is a leading infectious disease worldwide that affects individuals 

of every age group and requires proper management to protect 
oral health (3). Children who frequently snack outside school 
settings under the influence of environmental factors alongside 
social influences tend to develop unique eating habits and oral 
health practices (4). The role of S. mutans in the development of 
dental caries underscores the importance of preventive 
strategies, dietary control, and early intervention in maintaining 
optimal oral health across all age groups (5). 
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BIOFILM FORMATION AND STRUCTURAL 
COMPLEXITY 

Initiation of Biofilm Development: 

The formation of dental biofilms occurs when pioneer species, 
known as S. mutans, attach to the acquired enamel pellicle. 
Bacteria attach to glycoproteins in saliva through surface 
molecules known as antigen I/II, thus creating a base layer of 
biofilms (5). The biofilm community begins to diversify through 
bacterial co-aggregation between oral bacteria such as 
Streptococcus sanguinis and Actinomyces species (6). Biofilms 
gain their cohesive strength through the production of 
extracellular polymeric substances (EPS), with glucans as the 
main component that bacteria synthesize through 
glucosyltransferases using dietary sucrose (7). The matrix 
provides bacterial solid placement on tooth surfaces while 
simultaneously binding nutrients and protecting microorganisms 
from environmental challenges (8). 

The Role of the Extracellular Matrix: 

Cariogenic biofilms contain thick EPS-rich materials that exhibit 
distinct features. Repeated biofilm production of glucans, 
fructans, and extracellular DNA leads to a matrix that blocks 
antimicrobial diffusion, thus enabling bacterial pH regulation for 
enamel dissolution (8). Through the glycolytic conversion of 
sucrose, S. mutans generates lactic acid, which leads to enamel 
degradation by producing localized acid drops. Anionic properties 
in the bacterial matrix enhance the binding of calcium ions, while 
worsened hydroxyapatite loss occurs (9). Biofilm cells maintain an 
intact structure with EPS barriers that prevent fluoride 
permeation with high effectiveness (10). 

PROTECTIVE MECHANISMS OF BIOFILMS AGAINST 
ANTIMICROBIALS 

Reduced Penetration of Therapeutic Agents: 

EPS forms a dense protective layer that hinders the passage of 
chlorhexidine and fluoride into the biofilm structure. Biofilm-
embedded S. mutans cells demonstrate resistance to fluoride, 
which is 10–1,000-fold stronger than that of free-floating 
planktonic cells, partly because fluoride ions find it harder to 
penetrate (10). Cationic antimicrobial peptides are neutralized in 
the presence of negatively charged glucans within the matrix 
structure (8). 

Metabolic Heterogeneity and Persister Cells: 

Biofilms contain metabolically dormant persisters that endure 
antimicrobial resistance by decreasing the transport systems and 
shutting down ATP production. Stress-resistant cells within 
biofilms start growing again after the stress factor disappears, 
ultimately causing biofilm regrowth (8). Microenvironmental 
conditions in biofilms, characterized by oxygen gradients, enable 
the survival of anaerobic bacteria, which produces additional 
challenges during treatment (6). 

Acid Tolerance and Stress Response Pathways: 

S. mutans maintains its survival in acidic solutions through strong 
stress response mechanisms. Through the activity of F1F0-

ATPase, bacterial cells pump protons outward to maintain 
intracellular pH at steady levels, alongside the SigX regulon's 
functions in gene regulation for acid tolerance (7). Through 
adaptations, biofilm bacteria can remain alive under pH changes 
that would destroy free microbes and keep dental caries active 
despite the buffering nature of saliva (8). 

CHALLENGES IN BIOFILM ERADICATION 

Mechanical Disruption and Incomplete Removal: 

The mechanical action of brushing and flossing breaks down 
biofilms and reaches most of the dental surfaces; however, 
bacteria persist in deep pits, gaps, and beneath the gums. Biofilm 
remnants left on the tooth surface after brushing quickly replace 
themselves because of rapid bacterial recolonization, thus 
requiring intensive mechanical cleaning to remove them. Oratest 
analysis showed that incomplete plaque removal by children 
during brushing leads to biofilm rebound within one day, which 
increases the risk of tooth decay (11). 

Limitations of Conventional Antimicrobials: 

Resistance mechanisms found in biofilms prevent the successful 
use of topical fluorides and antiseptic chlorhexidine. The ability of 
fluoride to remineralize enamel has an opposing effect against 
biofilm acidic conditions that promote enamel demineralization 
(10). Broad-spectrum antimicrobial agents disrupt oral 
commensal bacteria, making dysbiosis difficult to control and 
causing poor health outcomes in patient populations (9). 

Socioeconomic and Behavioural Factors: 

The condition of biofilm virulence worsens in Pakistani rural areas 
because the population lacks access to proper oral care, does not 
use fluoridated toothpaste, and consumes high amounts of sugar 
(6). People with low health literacy may fail to recognize the 
importance of biofilm control because of their limited 
educational access (12). 

ADVANCES IN BIOFILM-TARGETED THERAPIES 
(2015–2025) 
Current research has examined how to maintain oral bacteria in 
equilibrium while creating new methods to manage dental plaque. 
According to Hernández (13), the therapeutic strategy for oral 
microbiota balance consists of the use of dentifrices and rinses 
during tooth brushing. To prevent caries, researchers have 
concluded that healthy biofilms require maintenance of their 
structure along with homeostasis while targeting critical 
bacterial characteristics related to attachment capabilities, 
nutritional exchanges, and information sharing. Researchers 
identified a deficit in current solutions that maintain oral 
microbiota equilibrium and supported the ongoing development 
of available products to fight dental caries. Smart 
nanotechnology applications for the targeted drug delivery of 
cariogenic pathogens while modifying biofilm pH has been the 
subject of research conducted by Liu (14). Their research 
confirmed that the biofilm structure presents an opportunity to 
enhance anticaries methods with better drug performance under 
acidic conditions through smart nanotechnology applications. Cai 
(15) explained that studying the microbial relationships between 
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oral microorganisms provides the knowledge needed to create 
treatments targeting cariogenic biofilms. Studies indicate that 
disease states are directly related to microbiota diversity found in 
biofilms, making therapeutic interventions for virulent biofilm 
formation a promising approach for new treatments. Jiao (16) 
presented three antimicrobial approaches: antimicrobial 
photodynamic therapy, cold atmospheric plasma, antimicrobial 
agent release, and contact-killing strategies. Researchers have 
found promising potential in innovative antimicrobial biofilm 
control approaches; however, existing research and clinical trials 
that follow a structured methodology are necessary to create 
dependable dental materials with antimicrobial properties. Figure 
1 illustrates the progressive development of biofilm-targeted 
therapeutic approaches for dental caries prevention, highlighting 
the use of LCG-N25, 3F1, and ZY354 as small molecule inhibitors, 
along with enterocins and Lactobacillus reuteri, as well as 
enzymatic matrix degradation strategies. These approaches aim 
to prevent biofilm formation, enhance antimicrobial activity, and 
support the maintenance of a balanced oral microbiota. 

 

Figure 1: Biofilm Targeted Therapies 

Table 1: Small Molecule Inhibitors in Biofilm-Targeted Therapies 

Ref. Year Methods Findings Practical Applications 

17 2017 Development of a chemical agent inhibiting 
enzyme function of S. mutans; tested on 
experimental rats consuming a sugar diet. 

Small molecule effectively prevents dental 
caries in preclinical models; blocks S. 
mutans biofilm formation. 

Shows potential for future therapeutic 
drug development for dental caries 
prevention. 

9 2017 Biofilm dispersion assay; small molecule 
screening; dental caries prevention model 
in live rats. 

Selective agent 3F1 effectively inhibits S. 
mutans biofilms without disturbing the oral 
microbiome. 

Enables selective biofilm targeting, 
preserving microbial balance and 
preventing caries. 

18 2017 In silico screening of small molecule library; 
binding analysis via OctetRed. 

Identified lead compounds selectively 
inhibiting S. mutans biofilm formation and 
virulence factors. 

Supports development of selective, non-
toxic anti-virulence therapeutics for 
dental caries. 

19 2019 Cytotoxicity evaluation on human oral cells 
and macrophages; antimicrobial testing 
against oral streptococci. 

ZY354 shows low toxicity, suppresses EPS 
production, reduces S. mutans abundance, 
and inhibits demineralization. 

Demonstrates promise for safe clinical 
application in anticaries treatment. 

20 2019 Emphasis on mechanical methods 
including brushing, flossing, and use of 
mouthwashes; dietary sugar replacement 
with xylitol. 

Mechanical approaches remain essential but 
difficult to implement universally. 

Infection prevention strategies should 
complement chemical biofilm-targeted 
approaches. 

21 2021 Crystal violet staining, colony-forming unit 
assays, fluorescence staining, electron 
microscopy, and biofilm metabolism 
analysis. 

LCG-N25 exhibits strong antimicrobial 
activity against oral streptococci, with no 
cell toxicity or resistance induction. 

Presents potential to strengthen current 
methods in dental caries management. 

22 2022 Automated screening of antimicrobial small 
molecules; in vitro antibiofilm activity 
assays. 

Identified six small molecule inhibitors of S. 
mutans glycosyltransferases with effective 
antibiofilm properties. 

Offers candidates for future development 
of novel antibiofilm therapeutics for 
caries prevention. 

23 2024 Investigations using antimicrobial 
peptides, probiotics, nanoparticles, and 
non-thermal plasma therapies. 

Research highlights need for innovative 
methods to inhibit S. mutans biofilm 
formation. 

Specialized biofilm-blocking approaches 
should be implemented to enhance 
caries prevention and oral health 
outcomes. 

Small Molecule Inhibitors: 

Small molecule inhibitors, such as LCG-N25, ZY354, and 3F1, have 
received considerable attention in the advancement of biofilm-
targeted therapies. Table 1 presents a summary of key 
developments in small molecule inhibitors from 2015 to 2025. 

Probiotics and Bacteriocins:  

Research has demonstrated that Lactobacillus reuteri competes 
with harmful bacteria for their adherent sites to modify the 
biofilm structure (24). Antimicrobial peptides, known as 
enterocins, which originate from Enterococcus faecalis, restrict 
S. mutans expansion by destroying cell membranes (12). 
Laboratory research demonstrated that enterocins decrease 
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biofilm biomass by 70% over 12 hours, representing a promising 
alternative to antibiotics (12). Table 2 summarizes key 
developments in biofilm-targeted therapies from 2015 to 2025, 

emphasizing the use of probiotics and bacteriocins, such as 
enterocins, as emerging strategies for biofilm prevention and 
disruption. 

Table 2: Probiotics and Bacteriocins in Biofilm-Targeted Therapies 

Ref. Year Methods Findings Practical Applications 
12 2018 Isolation of S. mutans and E. faecalis from oral 

samples; spot-on-lawn assay and time-kill testing 
for inhibitory effects. 

Enterocins exhibited strong bactericidal 
activity against S. mutans biofilms. 

Presents a promising alternative to 
traditional fluoride-based treatments 
for dental caries control. 

25 2018 Biofilm assessment using fluorescence 
microscopy, cell viability, and metabolic activity 
assays. 

Bacteriocins demonstrated effective 
biofilm inhibition against cariogenic 
microorganisms. 

Potential bio-therapeutic agents 
pending further validation through 
clinical trials. 

26 2022 Crystal violet staining and scanning electron 
microscopy for biofilm inhibition analysis. 

Enterococcus faecium DB1 strain 
produced substances that significantly 
inhibited S. mutans biofilm formation. 

Offers a safe and natural alternative to 
conventional cariostatic agents. 

27 2023 Review of the effects of Lactobacillus strains and 
analysis of commercial probiotic formulations for 
dental caries. 

Lactobacillus probiotics showed strong 
antagonistic activity against S. mutans 
in vitro and in marketed products. 

Supports the use of probiotic 
supplements as safer adjuncts to 
traditional caries prevention methods. 

23 2024 Comprehensive review of antimicrobial peptides, 
probiotics, nanoparticle-based therapies, and 
non-thermal plasma strategies targeting biofilm 
regulation. 

Highlighted promising biofilm-inhibition 
approaches for controlling S. mutans 
colonization and caries development. 

Encourages the development and 
clinical integration of biofilm-targeted 
strategies for enhancing oral health 
prevention. 

Table 3: Enzymatic Matrix Degradation in Biofilm-Targeted Therapies 

Ref. Year Methods Findings Practical Applications 
29 2015 Investigation of the effects of matrix 

metalloproteinase (MMP) inhibitors combined with 
therapeutic resin blends and primers on dentin 
durability. 

MMP inhibitors significantly enhance the 
durability of dentin-bonded interfaces 
and improve restoration longevity. 

Emphasizes the role of MMP inhibition 
in preventing caries progression and 
enhancing restorative success. 

30 2015 Experimental inhibition of MMP and cathepsin 
activities using dental agents, chlorhexidine, 
synthetic inhibitors, and cross-linkers. 

Inhibition of collagen degradation 
improves the mechanical stability of 
dentinal restorations. 

Highlights the importance of 
preserving collagen structure for 
durable restorative outcomes. 

31 2017 Application of enzymatic treatments combined 
with fluoride-containing products and biocides 
like chlorhexidine in oral care. 

Enzymes contribute both to disease 
prevention and tissue healing in biofilm-
related oral conditions. 

Multi-enzyme formulations offer 
enhanced protection against dental 
biofilms and promote oral health 
maintenance. 

28 2020 Assessment of metalloproteinase (MMP) activity 
as diagnostic indicators for pulp and periapical 
inflammation. 

MMP expression correlates strongly with 
tissue inflammation and disease 
progression in dental pulp and periapical 
regions. 

MMPs serve as useful biomarkers for 
early diagnosis and management of 
dental caries and erosion. 

32 2024 Quantitative evaluation of biofilm regulation 
through enzymatic treatment during early and 
mature biofilm stages using crystal violet 
staining. 

Application of multi-enzyme therapy 
significantly reduces biofilm formation 
on dental surfaces. 

Supports multi-enzyme therapy as a 
promising approach for caries 
prevention and biofilm management. 

Enzymatic Matrix Degradation:  

The enzymes dextranase and mutanase destroy biofilm glucans, 
which damages EPS matrix structures, thus allowing better 
penetration of antiseptic agents. Current clinical trials show that 
enzymatic pretreatment leads to a 40% increase in fluoride 
effectiveness; however, research on prolonged safety 
implications is needed (8). The extracellular matrix is a target for 
host matrix metalloproteinases (MMPs) in both restorative 
dentistry treatments and endodontic therapies (28). Table 3 
shows the mechanisms for targeting biofilm literature from 2015 
to 2025 for enzymatic matrix degradation 

CONCLUSION 
In dental caries, the development of Streptococcus mutans is 
closely linked to biofilm formation, as bacterial persistence 
enables continuous acid production that demineralizes the 
enamel surface. Research targeting biofilms aims to promote 
more effective therapeutic strategies. Recent advances, 

including the development of small-molecule inhibitors, 
probiotics (Lactobacillus reuteri), and bacteriocin-based 
inhibitors (enterocins), have shown success in targeting S. 
mutans biofilms to reduce caries progression. This review 
highlights therapeutic advancements in biofilm management 
over the past decade, illustrating the evolving direction of dental 
caries treatment. The integration of these innovative therapies, 
alongside emerging technologies in nanotechnology and 
microbiome management, offers a more targeted and effective 
approach to dental caries prevention. 

REFERENCES 
1. Arif Mahmud A. Endodontic management of a multi-rooted 

tooth as a foundation dentist. Journal of Case Reports and 
Images in Dentistry. 2025. 

2. Fernandes TO, Carvalho PA. Association between nutritional 
status and children and adolescents' dental caries 

https://portal.issn.org/resource/ISSN/3007-0570


Akram E. Muhammad. et al. | Biofilm Formation in Dental Caries and Advancements in Biofilm-Targeted Therapies  
 

 
JHWCR  ISSN: 3007-0570. Volume III, Issue III. Open Access Double Blind. eID: 135 © Authors. CC BY 4.0. https://doi.org/10.61919/syxx1845 

 

experiences: an overview of systematic reviews. 
2023;31:e20230138. 

3. S.M.Shahidulla, Sameen SA, Fatima M. Dental Caries- The 
Most Prevailing Disease- An Overview. Journal of 
Pharmaceutical Research International. 2025. 

4. Novitarum L, Yolanda V, Sigalingging S, Sisilia S. The 
Relationship Between Snack Consumption and Dental Caries 
in Third and Fourth Grade Elementary School Students at 
SDN 064979 Medan 2024. Corona: Jurnal Ilmu Kesehatan 
Umum, Psikolog, Keperawatan dan Kebidanan. 2025. 

5. Nobbs AH, Jenkinson HF, Jakubovics NS, editors. Gums : 
Mechanisms of Oral Microbial Adherence2011. 

6. Demuth DR, Novak EA, Shao H, editors. Alternative 
Autoinducer-2 Quorum-Sensing Response Circuits: Impact 
on Microbial Community Development2011. 

7. Lemos JA, Burne RA. A model of efficiency: stress tolerance 
by Streptococcus mutans. Microbiology (Reading, England). 
2008;154(Pt 11):3247-55. 

8. Machineni L. Effects of biotic and abiotic factors on biofilm 
growth dynamics and their heterogeneous response to 
antibiotic challenge. Journal of biosciences. 2020;45. 

9. Garcia SS, Blackledge MS, Michalek S, Su L, Ptacek T, Eipers 
P, et al. Targeting of Streptococcus mutans Biofilms by a 
Novel Small Molecule Prevents Dental Caries and Preserves 
the Oral Microbiome. Journal of dental research. 
2017;96(7):807-14. 

10. Giri DK. Effectiveness between two tooth brushing methods 
on removing dental plaque. Journal of Nobel Medical College. 
2018. 

11. Elkwatehy W, Salama RI. Cariogram and Oratest in Caries 
Risk Assessment for School Children. Journal of Oral Biology. 
2018. 

12. Aberna RA, Prabhakar K. Enterocins: Symptomatic for Bio-
alternative in Caries Control. International Journal of Life-
Sciences Scientific Research. 2018. 

13. Hernández P, Sánchez MC, Llama-Palacios A, Ciudad MJ, 
Collado L. Strategies to combat caries by maintaining the 
integrity of biofilm and homeostasis during the rapid phase 
of supragingival plaque formation. Antibiotics. 
2022;11(7):880. 

14. Liu Y, Ren Z, Hwang G, Koo H. Therapeutic strategies 
targeting cariogenic biofilm microenvironment. Advances in 
dental research. 2018;29(1):86-92. 

15. Cai J-N, Kim D. Biofilm ecology associated with dental 
caries: understanding of microbial interactions in oral 
communities leads to development of therapeutic strategies 
targeting cariogenic biofilms.  Advances in applied 
microbiology. 122: Elsevier; 2023. p. 27-75. 

16. Jiao Y, Tay FR, Niu L-n, Chen J-h. Advancing antimicrobial 
strategies for managing oral biofilm infections. International 
journal of oral science. 2019;11(3):28. 

17. Damle S. Trivial molecules may prevent or hamper tooth 
decay: A potential voyaged? : Medknow; 2017. p. 343-4. 

18. Zhang Q, Nijampatnam B, Hua Z, Nguyen T, Zou J, Cai X, et al. 
Structure-based discovery of small molecule inhibitors of 
cariogenic virulence. Scientific reports. 2017;7(1):5974. 

19. Zhang C, Kuang X, Zhou Y, Peng X, Guo Q, Yang T, et al. A 
novel small molecule, ZY354, inhibits dental caries-
associated oral biofilms. Antimicrobial agents and 
chemotherapy. 2019;63(5):10.1128/aac. 02414-18. 

20. Scharnow AM, Solinski AE, Wuest WM. Targeting S. mutans 
biofilms: a perspective on preventing dental caries. 
Medchemcomm. 2019;10(7):1057-67. 

21. Lyu X, Li C, Zhang J, Wang L, Jiang Q, Shui Y, et al. A novel 
small molecule, LCG-N25, inhibits oral streptococcal biofilm. 
Frontiers in Microbiology. 2021;12:654692. 

22. Atta L, Khalil R, Khan KM, Zehra M, Saleem F, Nur-e-Alam M, 
et al. Virtual screening, synthesis and biological evaluation of 
Streptococcus mutans mediated biofilm inhibitors. 
Molecules. 2022;27(4):1455. 

23. Gao Z, Chen X, Wang C, Song J, Xu J, Liu X, et al. New 
strategies and mechanisms for targeting Streptococcus 
mutans biofilm formation to prevent dental caries: a review. 
Microbiological Research. 2024;278:127526. 

24. Giacaman RA. Sugars and beyond. The role of sugars and the 
other nutrients and their potential impact on caries. Oral 
diseases. 2018;24(7):1185-97. 

25. Mathur H, Field D, Rea MC, Cotter PD, Hill C, Ross RP. Fighting 
biofilms with lantibiotics and other groups of bacteriocins. 
npj Biofilms and Microbiomes. 2018;4(1):9. 

26. Kim N-N, Kim BS, Lee HB, An S, Kim D, Kang S-S. Effect of 
bacteriocin-like inhibitory substance (BLIS) from 
Enterococcus faecium DB1 on cariogenic Streptococcus 
mutans biofilm formation. Food Science of Animal 
Resources. 2022;42(6):1020. 

27. Vedam V, Sabesan GS, Adhikary AK, Parasuraman S. 
Biotherapeutic potential of lactobacillus probiotic strains on 
Streptococcus mutans biofilm in dental caries–pathogenesis 
revisited. Indian J Pharm Educ Res. 2023;57:956-64. 

28. Anshida V, Kumari RA, Murthy CS, Samuel A. Extracellular 
matrix degradation by host matrix metalloproteinases in 
restorative dentistry and endodontics: An overview. Journal 
of Oral and Maxillofacial Pathology. 2020;24(2):352-60. 

29. Mazzoni A, Tjäderhane L, Checchi V, Di Lenarda R, Salo T, Tay 
F, et al. Role of dentin MMPs in caries progression and bond 
stability. Journal of dental research. 2015;94(2):241-51. 

https://portal.issn.org/resource/ISSN/3007-0570


Akram E. Muhammad. et al. | Biofilm Formation in Dental Caries and Advancements in Biofilm-Targeted Therapies  
 

 
JHWCR  ISSN: 3007-0570. Volume III, Issue III. Open Access Double Blind. eID: 135 © Authors. CC BY 4.0. https://doi.org/10.61919/syxx1845 

 

30. Buzalaf MAR, Charone S, Tjäderhane L. Role of host-derived 
proteinases in dentine caries and erosion. Caries research. 
2015;49(Suppl. 1):30-7. 

31. Pleszczyńska M, Wiater A, Bachanek T, Szczodrak J. 
Enzymes in therapy of biofilm‐related oral diseases. 
Biotechnology and Applied Biochemistry. 2017;64(3):337-46. 

32. Dukanovic Rikvold P, Skov Hansen LB, Meyer RL, Jørgensen 
MR, Tiwari MK, Schlafer S. The effect of enzymatic treatment 
with mutanase, beta-glucanase, and DNase on a saliva-
derived biofilm model. Caries research. 2024;58(2):68-76. 

https://portal.issn.org/resource/ISSN/3007-0570

