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A B S T R A C T   

Matrix-degrading enzymes are promising non-biocidal adjuncts to dental biofilm control and caries prevention. 
By disrupting the biofilm matrix structure, enzymes may prevent biofilm formation or disperse established 
biofilms without compromising the microbial homeostasis in the mouth. This study reviewed whether treatment 
with mutanase and/or dextranase inhibits cariogenic biofilm growth and/or removes cariogenic biofilms in vitro. 
An electronic search was conducted in PubMed, EMBASE, Scopus, Web of Science, Cochrane, and LIVIVO da
tabases. Manual searches were performed to identify additional records. Studies that quantitatively measured the 
effect of mutanase and/or dextranase on the inhibition/removal of in vitro cariogenic biofilms were considered 
eligible for inclusion. Out of 809 screened records, 34 articles investigating the effect of dextranase (n = 23), 
mutanase (n = 10), and/or combined enzyme treatment (n = 7) were included in the review. The overall risk of 
bias of the included studies was moderate. Most investigations used simple biofilm models based on one or few 
bacterial species and employed treatment times ≥30 min. The current evidence suggests that mutanase and 
dextranase, applied as single or combined treatment, are able to both inhibit and remove in vitro cariogenic 
biofilms. The pooled data indicate that enzymes are more effective for biofilm inhibition than removal, and an 
overall higher effect of mutanase compared to dextranase was observed.   

1. Introduction 

Bacterial acid production in biofilms that grow attached to dental 
surfaces is the prime etiological factor in the onset and progression of 
dental caries [1]. Dental biofilms consist of structured microbial com
munities embedded in a self-produced matrix of extracellular polymeric 
substances, predominantly polysaccharides (e.g. glucans), proteins, and 
extracellular DNA (eDNA). Caries-related bacteria, in particular Strep
tococcus mutans, are recognized as major producers of matrix poly
saccharides that play a key role in bacterial adhesion to tooth surfaces, 
nutrition, and the mechanical stability of dental biofilms [2]. Due to its 
diffusion-modifying properties, the polymeric matrix also affects the 
accumulation of acids inside biofilms and acts as a barrier against 
buffering salivary ions and antimicrobial agents [3]. 

Mechanical oral hygiene is the mainstay for caries prevention, since 
it can effectively disrupt and remove dental biofilms; nonetheless, self- 
performed mechanical biofilm control is not always successful, 

especially in hard-to-reach areas of the dentition that are particularly 
prone to the development of oral diseases [4,5]. Antimicrobial agents, 
such as chlorhexidine and cetylpyridinium chloride, are commonly used 
adjuncts to dental biofilm control, but their diffusion and efficacy are 
limited by the insoluble polymeric matrix [6]. Furthermore, antimi
crobial adjuncts indiscriminately kill bacteria in the oral cavity, 
including health-related species that reside on mucosal surfaces, which 
can affect the homeostasis of the oral microbiome [7,8]. In this context, 
enzymes that degrade biofilm matrix components, such as proteins 
(proteases), eDNA (deoxyribonucleases), lipids (lipases) and glucans 
(glucanohydrolases), represent a promising non-biocidal strategy for 
dental caries prevention [9–11]. Through the disruption of the matrix 
structure, matrix-degrading enzymes may prevent biofilm formation or 
disperse established biofilms without compromising the microbial bal
ance in the mouth [10]. 

The most thoroughly studied matrix-degrading enzymes are muta
nase (α-1,3 glucan 3-glucanohydrolase) and dextranase (α-1,6 glucan 6- 
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glucanohydrolase), which disrupt mutans and dextrans of the biofilm 
matrix, respectively [11]. Those glucans represent important compo
nents of the oral biofilm matrix and are produced by extracellular mi
crobial glucosyltransferases, enzymes that catalyze the transfer of 
glucosyl residues from dietary sucrose into new or pre-existing glucan 
chains [2]. Biologically active forms of mutanase and dextranase are 
usually extracted from fungi or bacteria and, depending on the microbial 
source and intrinsic structural properties, they differ in optimal pH, 
optimal temperature, and stability over time [10,11]. All these factors 
may affect the efficacy of glucan-degrading enzymes against mutans and 
dextrans of dental biofilms, and their potential use as caries-preventive 
therapies. To date, a limited number of clinical studies has been con
ducted to investigate the effect of dextranases and mutanases against 
oral biofilms [12–19]. Most studies that assessed the effect of enzyme 
treatment on biofilms have been performed on in vitro biofilm models, 
and the outcome of these studies has not yet been systematically 
reviewed. Therefore, the aim of this systematic review was to investigate 
whether treatment of in vitro cariogenic biofilms with mutanase and/or 
dextranase affects biofilm formation. 

2. Materials and methods 

2.1. Eligibility criteria 

The eligibility criteria for inclusion in the review were defined ac
cording to the Population-Intervention-Comparison-Outcome-Study 
Design (PICOS) approach. Population: biofilms of cariogenic bacteria 
and/or biofilms grown under cariogenic conditions, i.e. supplied with 
fermentable sugars. Intervention: treatment of biofilms with exogenous 
mutanase and/or dextranase. Comparison: non-enzymatic treatment or 
no treatment. Outcome: biofilm formation (i.e. biofilm prevention or 
biofilm removal). Study design: in vitro studies. Outcome measures 
included biofilm volume, biofilm thickness, biomass, bacterial area 
coverage, and number of bacteria. Glucan degradation was considered a 
secondary outcome. 

Exclusion criteria were: (1) studies that only evaluated the effect of 
glucan-degrading enzymes on planktonic bacteria; (2) studies that did 
not investigate in vitro biofilms of cariogenic bacteria or biofilm for
mation under cariogenic conditions; (3) studies that did not quantita
tively measure the effects of the intervention; (4) studies that solely 
analyzed the degradation of extracellular matrix components; (5) re
views, letters, conference abstracts, personal opinions, case reports, 
technique articles, hypothesis articles, and studies published in lan
guages other than English. 

2.2. Information sources and search strategy 

Individual search strategies were developed for the following elec
tronic databases: PubMed, EMBASE, Scopus, Web of Science, Cochrane, 
and LIVIVO (Table S1). The electronic searches were performed in 
November 2023 and limited to records in English, but no restriction for 
the year of publication was applied. Hand searches were also carried out 
to identify additional eligible studies. 

2.3. Selection process 

All retrieved records from electronic and hand searches were 
managed and stored in Endnote 20 software and Rayyan application 
[20]. After the removal of duplicates, two reviewers (Y.C.D.R. and H.P.) 
independently screened the title and abstract of the identified records. 
The full texts of potentially eligible studies were retrieved for a final 
independent assessment by the two reviewers. Titles and abstracts with 
insufficient information to assess eligibility were also included in the 
full-text analysis, to avoid exclusion of potentially relevant studies. The 
screening process and eligibility assessment were performed using 
Rayyan application and Endnote 20 software. Disagreements were 

discussed and resolved by consensus or, if persistent, by the decision of a 
third independent reviewer (S.S.). 

2.4. Data collection and data items 

Two independent reviewers (Y.C.D.R and H.P.) collected the data 
from the included articles using Excel® (Microsoft Office 2017) 
spreadsheets elaborated specifically for this study. The extracted data 
included: author names, year of publication, enzyme type and source, 
enzyme concentration, treatment regimen (time point, frequency and 
duration), control treatment, biofilm age, model and growth conditions, 
methodologies for outcome assessment, and main results. Accuracy of 
the extracted data was checked by a third reviewer (S.A.). When 
necessary, the authors of the studies were contacted to obtain additional 
information. Missing or unclear information were extracted as “not re
ported”. Qualitative data was not extracted and quantitative results that 
were not reported with numerical values were extracted as “values: not 
reported”. 

2.5. Risk of bias assessment 

The risk of bias of the included studies was assessed by two inde
pendent reviewers (Y.C.D.R. and S.A.) using an adapted tool elaborated 
according to previous systematic reviews of in vitro studies [21–23]. 
Disagreements were resolved by consensus or by the decision of a third 
reviewer (S.S). The following items were included in the assessment: (1) 
presence of a control group; (2) replication (independent experiments); 
(3) standardization and description of treatment regimen (enzyme 
concentration, treatment frequency and duration); (4) standardization 
and description of biofilm growth conditions (inoculation procedures, 
atmospheric and nutritional conditions, biofilm age); (5) standardiza
tion and description of biofilm quantification (method, sampling pro
cedure); (6) blinding of operator/assessor; (7) description of statistical 
analysis. Qualitative methods for outcome assessment were not included 
in the risk of bias judgement. For each study, the items received a “Y” 
(yes) if the information was described by the authors or by a referred 
study, or a “N” (no) if the information was unclear, not reported or 
incomplete. The risk of bias was classified according to the total number 
of “Y’s” received by each study, as follows: 0 to 3 = high; 4 to 5 =
medium; 6 to 7 = low risk of bias. 

3. Results 

3.1. Study selection 

The electronic and manual searches retrieved 1730 records, which 
were reduced to 809 after the removal of duplicates (n = 921). The 
screening of titles and abstracts identified 79 studies that potentially 
fulfilled the eligibility criteria, and 70 were retrieved for full-text anal
ysis. After full-text reading, 36 studies were excluded (Table S2) and 34 
were included in the review. The selection process is summarized in 
Fig. 1. 

3.2. Study characteristics 

The main characteristics of the included studies are presented in 
Table 1. The studies were published from 2004 to 2023, and evaluated 
the effect of dextranase (23 studies) [25–47], mutanase (ten studies) 
[25,39,44,48–54], or combined mutanase and dextranase treatment 
(seven studies) [25,39,44,55–58] on biofilm formation. Mutanase was 
obtained from fungi in six studies [44,48,53,55,57,58] and from bac
teria in six studies [25,49,50–52,56], while fungal and bacterial 
dextranase were used in 12 [31,32,37,38,40,44,46,47,55–58] and 14 
investigations [25–28,30,33–36,38,41–43,45], respectively. Some re
ports evaluated the effect of enzymes obtained from more than one 
source organism. Ren et al. (2018) compared a bacterial to a fungal 
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dextranase [38]. Singh et al. (2021) compared the effect of plant-derived 
mutanase and dextranase produced via chloroplast genome to com
mercial fungal and bacterial enzymes [56]. Three studies did not report 
the enzyme source [29,39,54]. Enzyme concentrations were difficult to 
compare between studies, as some authors specified the concentration in 
g/L or mol/L, whereas others provided the enzyme activity in U/g or 

U/mL. Two reports did not specify the used enzyme concentration [41, 
48] and in some studies it was unclear whether the provided concen
tration referred to the stock solution or the final volume used for biofilm 
treatment. 

Biofilm inhibition (i.e. the prevention of biofilm formation) was the 
outcome of six studies [31–33,35,38,42], while biofilm removal was 

Fig. 1. Flow chart of the screening process (PRISMA 2020) [24].  
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Table 1 
Main characteristics of the included studies.  

Author, year Enzyme Enzyme source Enzyme 
concentration 

Outcome Treatment Control 
treatment 

Biofilm model; 
growth medium 

Surface Methods for 
biofilm 
quantificatione 

Main results for 
biofilm 
inhibition 
(percent 
reduction) 

Main results for 
biofilm removal 
(percent reduction) 

Bem, 2023 [48] Mutanase Fungus Trichoderma 
harzianum 

NR Biofilm 
removal 

Pre-formed 72 h- 
old biofilms 
enzyme-treated 
2x/day (1 min) 
for 2 days 

Saline; 
inactivated 
enzyme 

S. mutans; TYEB 
with 0.1 μM 
glucose 

Glass (slide) CFU NA No significant 
differences between 
enzyme group and 
the controls (values: 
NR). 

Boddapati, 2023 
[49] 

Mutanase Bacterium 
Cellulosimicrobium 
funkei SNG1 

2.3 U/mL Biofilm 
removal 

Pre-formed 72 h- 
old biofilms 
enzyme-treated 
for 2 h 

No 
treatmenta 

S. mutans; BHI 
with 5 % sucrose 
(w/v) 

Glass 
(coverslip) 

A550 NA 82.7 % 

Cherdvorapong, 
2020 [50] 

Mutanase Bacterium 
Streptomyces 
thermodiastaticus 
HF3-3 

0.01 U/mL Biofilm 
inhibition; 
Biofilm 
removal 

Biofilms grown in 
the presence of 
mutanase for 
4–16 h; 
Pre-formed 16 h- 
old biofilms 
enzyme-treated 
for 4–16 h 

Enzyme 
buffer 

S. mutans; BHI 
with 1 % sucrose 
(w/v) 

Glass (plate) Alcian blue 
staining 

12 h: 65–79 %; 
16 h: ~50 % 

8 h: 60 %; 
16 h: 40 % 

Cortez, 2023 
[25] 

Mutanase; 
Dextranase 

Mutanase: 
Bacterium Prevotella 
melaninogenica 
PmGH87; 
Dextranase: 
Bacterium 
Capnocytophaga 
ochracea CoGH66 

0.125–1 mg/ 
mL 

Biofilm 
inhibition; 
Biofilm 
removal 

Biofilms grown in 
the presence of 
mutanase or 
dextranase for 24 
h; 
Pre-formed 24 h- 
old biofilms 
enzyme-treated 
for 30 min-24 h 

Enzyme 
buffer 
(biofilm 
inhibition); 
PBS (biofilm 
removal) 

S. mutans; TYEB 
with 0.1 % or 1 % 
sucrose (w/v) 

NR (96-well 
plate) 

Crystal violet 
staining 

Biofilms grown 
with 0.1 % 
sucrose: 
Mutanase or 
dextranase: 
~80 %; 
Biofilms grown 
with 1 % 
sucrose: 
Mutanase 90 %, 
dextranase 55 % 

Biofilms grown with 
0.1 % sucrose: 
Mutanase (2 h): 97.4 
%, dextranase (4 h): 
92 %, mutanase +
dextranase (30 min): 
95.5 %; 
Biofilms grown with 
1 % sucrose: 
Mutanase (24 h): 92 
%, dextranase (24 h) 
85.7 %, mutanase +
dextranase (2 h): 
93.8 % 

Deng, 2020 [26] Dextranase Bacterium 
Catenovolum sp. 
DP03 

1–8 U/mL Biofilm 
inhibition; 
Biofilm 
removal 

Biofilms grown in 
the presence of 
dextranase for 24 
h; 
Pre-formed 24 h- 
old biofilms 
enzyme-treated 
for 24 h 

No treatment S. mutans; BHI 
with 1 % sucrose 
(w/v) 

Glass 
(coverslip) 

Crystal violet 
staining 

MBIC50: 4 U/ 
mL; 
MBIC90: 8 U/ 
mL; 
4 U/mL: 52.9 %; 
8 U/mL: 90.7 % 

MBRC50: 4 U/mL; 
MBRC90: 8 U/mL; 
4 U/mL: 53.8 %; 
8 U/mL: 90.8 % 

Ding, 2020 [27] Dextranase Bacterium 
Arthrobacter 
oxydans KQ11 

359.7 U/g Biofilm 
removal 

Pre-formed 24-h 
old biofilms 
enzyme-treated 
(free enzyme or 
immobilized on 
HA nanoparticles) 
for 1 h 

Pure water S. mutans; BHI 
with 1 % sucrose 
(w/v) 

NR (96-well 
plate) 

Crystal violet 
staining 

NA Free enzyme: 14.3 %, 
Immobilized enzyme: 
86.4 % 

Dong, 2021 [28] Dextranase Bacterium Bacillus 
aquimaris S5 

2–10 U/mL Biofilm 
removal 

Pre-formed 24 h- 
old biofilms 
enzyme-treated 
for 6 h 

No treatment S. mutans; BHI NR (96-well 
plate) 

Crystal violet 
staining 

NA MBRC80: 8 U/mL; 
2 U/mL: 41.9 % (3.5 
% SD); 
4 U/mL: 49.7 % (1.7 

(continued on next page) 
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Table 1 (continued ) 

Author, year Enzyme Enzyme source Enzyme 
concentration 

Outcome Treatment Control 
treatment 

Biofilm model; 
growth medium 

Surface Methods for 
biofilm 
quantificatione 

Main results for 
biofilm 
inhibition 
(percent 
reduction) 

Main results for 
biofilm removal 
(percent reduction) 

% SD); 
6 U/mL: 52.2 % (2.9 
% SD); 
8 U/mL: 82.9 % (5.0 
% SD); 
10 U/mL: 84.2 % 
(4.2 % SD) 

Hwang, 2014 
[29] 

Dextranase NR 0.71 U/mL Biofilm 
removal 

Pre-formed 67 h- 
and 115 h-old 
biofilms enzyme- 
treated for 30 min 

Enzyme 
buffer 

S. mutans; TYEB 
with 0.1 % 
sucrose (w/v) 

Saliva-coated 
HA (disk) 

Mechanical 
stability test; 
biofilm 
viscoelasticity 
test 

NA Shear stress needed 
to remove 50 % of the 
biofilm: Dextranase: 
0.027 N/m2, control: 
0.184 N/m2; 
Storage modulus G’: 
significantly reduced 
compared to control 
(values: NR) 

Jiao, 2014 [30] Dextranase Bacterium 
Arthrobacter sp. 

1–10 U/mL Biofilm 
inhibition; 
Biofilm 
removal 

Biofilms grown in 
the presence of 
dextranase for 
3–24 h; 
Pre-formed 24 h- 
old biofilms 
enzyme-treated 
for 24 h. 

No treatment S. mutans; BHI 
with 1 % sucrose 
(w/v) 

Glass 
(coverslip); 
polystyrene 
(microtiter 
plate) 

Crystal violet 
staining; 
biofilm mass 
(dry weight); 
SEM 

MBIC50: 2 U/ 
mL; 
MBIC90: 6 U/ 
mL; 
6 U/mL (24 h): 
90 %; 
Biofilm mass 
(24 h): 
Dextranase: 0.6 
μg/mm2 (1.2 
SD), control: 
12.3 μg/mm2 

(1.7 SD); 
Biofilm 
coverage (24 h): 
Dextranase: 
~10 %, control: 
~100 % 

MBRC50: 3–7 U/mL; 
6 U/mL (24 h): 60 % 

Juntarachot, 
2020a [31] 

Dextranase Fungus Penicillium 
roquefortii TISTR 
351 

0.71 U/g Biofilm 
inhibition 

Biofilms grown in 
the presence of 
dextranase for 24 
h 

No treatment S. mutans; TSB NR (96-well 
plate); glass 
(slide) 

Crystal violet 
staining 

OD570: 
Dextranase: 0.7 
(0.0 SD), control 
1.0 (0.0 SD) 

NA 

Juntarachot, 
2020b [32] 

Dextranase Fungus Chaetomium 
gracile 

3.38 U/g Biofilm 
inhibition 

Biofilms grown in 
the presence of 
dextranase for 24 
h 

No treatment S. mutans; TSB NR (96-well 
plate); glass 
(slide) 

Crystal violet OD570: 
Dextranase: 0.5 
(0.0 SD), 
control: 1.0 (0.0 
SD) 

NA 

Lai, 2019 [33] Dextranase Bacterium 
Catenovolum 
agarivorans MNH15 

1–7 U/mL Biofilm 
inhibition 

Biofilms grown in 
the presence of 
dextranase for 24 
h 

No treatment S. mutans; BHI 
with 1 % sucrose 
(w/v) 

NR (microplate) Crystal violet 
staining 

MBIC50: 3 U/ 
mL; 
MBIC90: 7 U/ 
mL; 
3 U/mL: 52.3 %; 
7 U/mL: 91.8 % 

NA 

(continued on next page) 
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Table 1 (continued ) 

Author, year Enzyme Enzyme source Enzyme 
concentration 

Outcome Treatment Control 
treatment 

Biofilm model; 
growth medium 

Surface Methods for 
biofilm 
quantificatione 

Main results for 
biofilm 
inhibition 
(percent 
reduction) 

Main results for 
biofilm removal 
(percent reduction) 

Liu, 2016 [55] Mutanase; 
Dextranase 

Mutanase: Fungus 
Trichoderma 
harzianum; 
Dextranase: Fungus 
Penicillium sp. 

Mutanase: 20 
U (volume: 
NR); 
Dextranase: 
100 U 
(volume: NR) 

Biofilm 
removal 

Pre-formed 19 h- 
old biofilms 
treated with 
mutanase +
dextranase for up 
to 1 h 

Enzyme 
buffer 

S. mutans; TYEB 
with 1 % sucrose 
(w/v) 

Saliva-coated 
HA (disk) 

CLSM, CFU NA No significant 
differences in cell 
viability and CFU 
counts between 
enzyme group and 
control (values: NR). 

Liu, 2021 [34] Dextranase Bacterium 
Streptococcus mutans 

1–500 nM Biofilm 
inhibition; 
Biofilm 
removal 

Biofilms grown in 
the presence of 
dextranase for 12 
h; 
Pre-formed 12 h- 
old biofilms 
enzyme-treated 
for 30 min 

No treatment S. mutans; BHI 
with 1 % sucrose 
(w/v) 

NR (96-well 
plate); glass 
(tube) 

Crystal violet 
staining; 
biofilm mass 
(dry weight); 
CLSM 

MBIC50: 1 nM; 
50 nM: 92.0 %; 
Biofilm mass: 
90.0 % (5.9 % 
SD); 
Viable cells: 
86.7 % (6.3 % 
SD); 
Biofilm 
thickness: 
significant 
reduction 
(values: NR) 

50 nM: 43 % (2 % 
SD); 
500 nM: 77 % (2 % 
SD) 

Mahmoud, 2022 
[35] 

Dextranase Bacterium Bacillus 
velezensis; 
Bacterium 
Pseudomonas stutzeri 

28.5 and 
30.19 mU/mL 

Biofilm 
inhibition 

Biofilms grown in 
the presence of 
dextranase for 24 
h 

No treatment S. mutans; TSB NR (96-well 
microtiter 
plate) 

Crystal violet 
staining 

B. velezensis 
dextranase: 
82.5 %; 
P. stutzeri 
dextranase: 
84.5 % 

NA 

Ning, 2021 [36] Dextranase Bacterium 
Cellulosimicrobium 
sp. PX02 

3–15 U/mL Biofilm 
inhibition; 
Biofilm 
removal 

Biofilms grown in 
the presence of 
dextranase for 24 
h. 
Pre-formed 24 h- 
old biofilms 
enzyme-treated 
for 4 h or 24 h 

No treatment S. mutans; BHI 
with 1 % sucrose 
(w/v) 

NR 
(microplate); 
glass (coverslip) 

Crystal violet 
staining; SEM 

Dextranase: 
reduced biofilm 
growth in a 
dose-dependent 
manner (values: 
NR) 

9 U/mL: 64.5 %; 
15 U/mL: 93.1 % 

Pleszczynska, 
2010 [51] 

Mutanase Bacterium 
Paenibacillus sp. MP- 
1 

0.01–2 U/mL Biofilm 
removal 

Pre-formed 
biofilms grown for 
24 h, enzyme- 
treated for 3 min, 
and further grown 
for 6 h in the 
presence of 
enzyme or 
enzyme buffer 

NR S. sobrinus/ 
downei; BHI with 
3 % sucrose (w/ 
v) 

Glass (tube) Biofilm mass 
(dry weight) 

NA 2 U/mL (3 min): ~60 
%; 
2 U/mL (6 h): 64 % 

Qiu, 2016 [37] Dextranase Fungus Penicillium 
sp. 

1, 2 and 4 U/ 
mL 

Biofilm 
removal 

Pre-formed 24-h 
old biofilms 
enzyme-treated 
2x/day (1 min) 
for 3 days 

Saline S. mutans, 
Lactobacillus 
acidophilus, and 
Actinomyces 
viscosus; BHI with 
1 % sucrose (w/ 
v) 

Glass (slide) Biofilm mass 
(dry weight); 
CFU; CLSM 

NA Biofilm mass: 1 U/ 
mL: no reduction 
(values: NR); 2 and 4 
U/mL: significant 
reduction (values: 
NR); 
CFU: 1 and 2 U/mL: 
no reduction (values: 
NR); 4 U/mL: 

(continued on next page) 
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Table 1 (continued ) 

Author, year Enzyme Enzyme source Enzyme 
concentration 

Outcome Treatment Control 
treatment 

Biofilm model; 
growth medium 

Surface Methods for 
biofilm 
quantificatione 

Main results for 
biofilm 
inhibition 
(percent 
reduction) 

Main results for 
biofilm removal 
(percent reduction) 

significant reduction 
(values: NR); 
Biofilm thickness: 1, 
2 and 4 U/mL: 
significant reduction 
(values: NR); 
Cell viability: not 
affected (values: NR). 

Ren, 2018 [38] Dextranase; Bacterium 
Catenovulum sp.; 
Fungus Penicillium 
sp. 

5–40 U/mL Biofilm 
inhibition 

Biofilms grown in 
the presence of 
dextranase for 3, 9 
and 18 h 

No treatment S. mutans; BHI 
with 1 % sucrose 
(w/v) 

Polypropylene 
(96-well plate) 

Crystal violet 
staining 

Catenovulum sp. 
dextranase: 
MBIC90: 30 U/ 
mL; 
30 U/mL: 91.1 
%; 
Penicillium sp. 
dextranase: 
MBIC90: 40 U/ 
mL 
40 U/mL: 89.3 
% 

NA 

Ren, 2019 [39] Mutanase; 
Dextranase 

NR Mutanase: 
1.75 U/mL; 
Dextranase: 
8.75 U/mL 

Biofilm 
removal 

Pre-formed 19 h- 
old biofilms 
enzyme-treated 
for 30 min, 1 h, or 
2 h 

Enzyme 
buffer 

S. mutans; TYEB 
with 1 % sucrose 
(w/v). 

Saliva-coated 
HA (disk) 

CFU; biofilm 
mass (dry 
weight) 

NA CFU: Mutanase +
dextranase (2 h): No 
reduction (values: 
NR); Biofilm mass: 
Mutanase or 
dextranase (2 h): No 
reduction (values: 
NR), Mutanase +
dextranase (2 h): 
Significant reduction 
(values: NR) 

Rikvold, 2023 
[54] 

Mutanase NR 62 μM/mL Biofilm 
inhibition; 
Biofilm 
removal 

Biofilms grown in 
the presence of 
mutanase for 24 h 
Pre-formed 24 h- 
old biofilms 
enzyme-treated 
for 30 min under 
agitation (150 
rpm). 

Enzyme 
buffer 

Salivary 
inoculum; BHI 
with 5 % sucrose 
(w/v) and sterile 
saliva 

Polystyrene (96- 
well microplate, 
RTCA electronic 
plates) 

Crystal violet 
staining, 
biofilm 
adhesion and 
stability (RTCA) 

96.8 % (95 % 
CI: 70.2–123.4 
%). RCTA: 
reduced 
mechanical 
stability of 
enzyme-treated 
biofilms 
compared to 
control (values: 
NR) 

60.3 % (95 % CI: 
43.3–75.2 %) 

Shimotsuura, 
2008 [52] 

Mutanase Bacterium 
Paenibacillus sp. 
RM1 

NR-1.4 U/mL Biofilm 
removal 

Pre-formed 18 h- 
old biofilms 
enzyme-treated 
for 3 min and 
further incubated 
with buffer for 6 h 

NR S. mutans; BHI 
with 1 % sucrose 
(w/v) 

Glass (tube) A550 NA 1.4 U/mL: 98 % 

Singh, 2021 [56] Mutanase; 
Dextranase 

Mutanase, 
Dextranase: Plant- 
derived via 

Mutanase: 
0.84 or 105 
U/mL; 

Biofilm 
removal 

Pre-formed 6 h- 
old biofilms 
treated with 

Enzyme 
buffer 

S. mutans and 
Candida albicans; 

Saliva-coated 
and enzyme- 

CFU; biofilm 
mass (dry 
weight); CLSM 

NA Biovolume: 
Commercial 
mutanase/dextranase 

(continued on next page) 
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Table 1 (continued ) 

Author, year Enzyme Enzyme source Enzyme 
concentration 

Outcome Treatment Control 
treatment 

Biofilm model; 
growth medium 

Surface Methods for 
biofilm 
quantificatione 

Main results for 
biofilm 
inhibition 
(percent 
reduction) 

Main results for 
biofilm removal 
(percent reduction) 

chloroplast genome; 
Dextranase: Fungus 
Penicillium sp.; 
Mutanase: 
Bacterium Bacillus 
sp. 

Dextranase: 
7.08 or 525 
U/mL 

mutanase +
dextranase for 1 h 
and allowed to 
continue growing 
until 19 h 

TYEB with 1 % 
sucrose (w/v) 

treated (1 h) HA 
(disk) 

(0.84/7.08 U/mL): 
Significant reduction 
in total and bacterial, 
but not in fungal 
biovolume (values: 
NR), Plant-derived 
mutanase/dextranase 
(0.84/7.08 U/mL): 
Significant reduction 
in total and bacterial, 
but not in fungal 
biovolume (values: 
NR), Plant-derived 
mutanase/dextranase 
(105/525 U/mL): No 
reduction in total, 
bacterial or fungal 
biovolume (values: 
NR); 
Total Biofilm 
Inhibition indexb: No 
significant reduction, 
Plant-derived 
mutanase/dextranase 
(105/525): 0.67, 
control: 1.0. 

Tsutsumi, 2018 
[40] 

Dextranase Fungus Chaetomium 
erraticum 

10, 20 and 40 
U (volume: 
NR) 

Biofilm 
removal 

Pre-formed 24 h- 
old biofilms 
enzyme-treated 
for 3 min 

No treatment S. gordonii, 
S. mutans, 
Actinomyces 
naeslundii, 
Fusobacterium 
nucleatum, 
Veillonella 
parvula; artificial 
saliva medium 
with 0 % or 1 % 
sucrose (w/v) 

Polystyrene (24- 
well plate) 

Crystal violet 
staining 

NA Removal was 
significantly higher 
for biofilms grown 
with 1 % sucrose 
compared to biofilms 
grown without 
sucrose at all enzyme 
concentrations 
(values: NR) 

Wang D, 2014 
[41] 

Dextranase Bacterium 
Arthrobacter 
oxydans KQ11 

NR Biofilm 
removal 

Pre-formed 4 h- 
old biofilms 
enzyme-treated 
(duration: NR) 
and further 
incubated for 5 
days 

No treatment S. mutans or 
biofilms of 
S. mutans, 
S. salivarius, 
S. sanguinis, 
Lactobacillusc, 
Actinomyces 
viscosus; BHI with 
1 % sugard 

NR (coverslip) CLSM NA Thickness: S. mutans 
biofilms: 
Dextranase: 36670 
nm, control 54340 
nm, Multispecies 
biofilms: Dextranase: 
43320 nm, control: 
64260 nm 

Wang X, 2014 
[42] 

Dextranase Bacterium 
Arthrobacter 
oxydans KQ11 

1–8 U/mL Biofilm 
inhibition 

Biofilms grown in 
the presence of 
dextranase for 24 
h. 

No treatment S. mutans; BHI 
with 1 % sucrose 
(w/v) 

NR (coverslip) SEM 5 U/mL: ~90 % NA 

(continued on next page) 
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Table 1 (continued ) 

Author, year Enzyme Enzyme source Enzyme 
concentration 

Outcome Treatment Control 
treatment 

Biofilm model; 
growth medium 

Surface Methods for 
biofilm 
quantificatione 

Main results for 
biofilm 
inhibition 
(percent 
reduction) 

Main results for 
biofilm removal 
(percent reduction) 

Wang X, 2016 
[43] 

Dextranase Bacterium 
Arthrobacter 
oxydans KQ11 

1–9 U/mL Biofilm 
inhibition; 
Biofilm 
removal 

Biofilms grown in 
the presence of 
dextranase for 24 
h. 
Pre-formed 24 h- 
old biofilms 
enzyme-treated 
for 24 h or 2x/day 
(5 min) for 5 days. 

No treatment 
(biofilm 
inhibition); 
sterile saline 
(biofilm 
removal) 

S. mutans; BHI 
with 1 % sucrose 
(w/v) 

NR (coverslip); 
glass (tube) 

Crystal violet 
staining; cell 
adherence 
(OD550); CLSM 

Adherence (2 
U/mL): 50 % 
MBIC50: 2 U/ 
mL; 
2 U/mL: 53.8 % 
6 U/mL: 90 % 

MBRC50: 5 U/mL; 
5 U/mL: 53.5 % 
Thickness (5 U/mL): 
54.5 μm (control), 
36.67 μm 
(dextranase). 

Wiater, 2004 
[44] 

Mutanase; 
Dextranase 

Mutanase: Fungus 
Trichoderma 
harzianum CCM F- 
340; 
Dextranase: Fungus 
Penicillium sp. 

Mutanase: 0.3 
U/mL; 
Dextranase: 5 
U/mL 

Biofilm 
inhibition; 
Biofilm 
removal 

Biofilms grown in 
the presence of 
mutanase, 
dextranase, or a 
mixture of both 
enzymes for 24 h. 
Pre-formed 24 h- 
old biofilms 
enzyme-treated 
for 24 h 

No treatment S. mutans, S. 
sobrinus, and oral 
sample from a 
volunteer; 
sucrose- 
containing BHI 

Glass (plate) Erythrosine 
staining 

Mutanase: 96 %; 
Dextranase: 61 
%; 
Mutanase +
dextranase: 
99.5 % 

Mutanase: 85 %; 
Dextranase: 71 %; 
Mutanase +
dextranase: 95 % 

Wiater, 2008 
[57] 

Mutanase; 
Dextranase 

Mutanase: Fungus 
Trichoderma 
harzianum CCM F- 
340; 
Dextranase: Fungus 
Penicillium sp. 

Mutanase: 
0.25 U/mL; 
Dextranase: 1 
U/mL 

Biofilm 
removal 

Pre-formed 24 h- 
old treated with 
mutanase +
dextranase for 3 
and 6 h 

NR S. mutans, S. 
sobrinus, S. 
sobrinus/downei, 
Candida albicans; 
sucrose- 
containing BHI 

Saliva-coated 
glass (plate) 

Erythrosine 
staining 

NA Mutanase +
dextranase (3 h): 
86.6 %, (6 h): ~100 
% 

Wiater, 2013a 
[58] 

Mutanase; 
Dextranase 

Mutanase: Fungus 
Trichoderma 
harzianum CCM F- 
340; 
Dextranase: Fungus 
Penicillium sp. 

Mutanase: 
0.25 U/mL; 
Dextranase: 1 
U/mL 

Biofilm 
removal 

Pre-formed 24 h- 
old biofilms 
treated with 
mutanase +
dextranase for 1 
and 3 h 

No treatment S. mutans, S. 
sobrinus, S. 
sobrinus/downei, 
Candida albicans; 
BHI 

Saliva-coated 
glass (coupon) 

Erythrosine 
staining 

NA Mutanase +
dextranase (1 h): 
63.4 %; (3 h): 81.7 % 

Wiater, 2013b 
[53] 

Mutanase Fungus Trichoderma 
harzianum CCM F- 
340 

1 U/mL Biofilm 
removal 

Pre-formed 
biofilms (age: NR) 
enzyme-treated 
3x/day (3 min) 
for 3 days 

PBS S. mutans, S. 
sobrinus, S. 
sobrinus/downei, 
Candida albicans; 
BHI with 3 % 
sucrose (w/v) 

Saliva-coated 
glass (coupon) 

Erythrosine 
staining 

NA ~30 % 

Xu, 2022 [45] Dextranase Bacterium 
Cellulosimicrobium 
sp. THN1 

2–10 U/mL Biofilm 
inhibition; 
Biofilm 
removal 

Biofilms grown in 
the presence of 
dextranase for 24 
h; 
Pre-formed 24 h- 
old biofilms 
enzyme-treated 
(treatment 
duration: NR) 

Deionized 
water 

S. mutans; BHI 
with 1 % sucrose 
(w/v) 

NR (microplate) Crystal violet 
staining 

MBIC50: 6 U/ 
mL; 
MBIC90: 10 U/ 
mL; 
6 U/mL: 52.3 %; 
10 U/mL: 91.6 
% 

MBRC50: 4 U/mL; 
MBRC90: 10 U/mL; 
4 U/mL: 53.4 %; 
8 U/mL: 90.6 % 

Yang, 2019 [46] Dextranase Fungus Chaetomium 
globosum 

10–70 U/mL Biofilm 
inhibition; 
Biofilm 
removal 

Biofilms grown in 
the presence of 
dextranase for 24 
h; 
Pre-formed 24 h- 

No treatment S. mutans; BHI 
with 1 % sucrose 
(w/v) 

NR (96-well 
plate) 

Crystal violet 
staining 

50 U/mL: 71.6 
% 

50 U/mL: 49.1 % 

(continued on next page) 
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Table 1 (continued ) 

Author, year Enzyme Enzyme source Enzyme 
concentration 

Outcome Treatment Control 
treatment 

Biofilm model; 
growth medium 

Surface Methods for 
biofilm 
quantificatione 

Main results for 
biofilm 
inhibition 
(percent 
reduction) 

Main results for 
biofilm removal 
(percent reduction) 

old biofilms 
enzyme-treated 
for 24 h 

Yano, 2010 [47] Dextranase Fungus Chaetomium 
globosum 

120,000 U/ 
mL 

Biofilm 
inhibition; 
Biofilm 
removal 

Biofilms grown in 
the presence of 
dextranase 
(0.125 % v/v) for 
16 h. 
Pre-formed 16 h- 
old biofilms 
treated with 
dextranase (0.25 
% v/v) for 12 h 

No treatment S. mutans or 
S. sobrinus; BHI 
with 0.5 % 
sucrose (w/v) 

Polystyrene 
(culture plate) 

Crystal violet 
staining 

Dextranase +
BSA: 
S. mutans: 37 % 
(14 % SD), 
S. sobrinus: 42 % 
(16 % SD) 

Dextranase + BSA: 
S. mutans or 
S. sobrinus: 1 % (0 % 
SD) 

A550 = absorbance read at 550 nm; BHI = brain heart infusion; BSA = bovine serum albumin; CHX = chlorhexidine; CLSM = confocal laser scanning microscopy; HA = hydroxyapatite; MBIC50 = minimal enzyme 
concentration to inhibit more than 50 % of biofilm formation; MBIC90 = minimal enzyme concentration to inhibit more than 90 % of biofilm formation; MBRC50 = minimal enzyme concentration to remove more than 50 
% of pre-formed biofilms; MBRC80 = minimal enzyme concentration to remove more than 80 % of pre-formed biofilms; MBRC90 = minimal enzyme concentration to remove more than 90 % of pre-formed biofilms; NA =
not applicable; NR = not reported; OD570 = optical density read at 570 nm; OD550 = optical density read at 550 nm; PBS = phosphate buffered saline; rpm = rotations per minute; RTCA = SD = standard deviation; 
S. gordonii = Streptococcus gordonii; S. mutans = Streptococcus mutans; S. oralis = Streptococcus oralis; S. salivarius = Streptococcus salivarius; S. sanguinis = Streptococus sanguinis; S. sobrinus/downei = Streptococcus sobrinus/ 
downei; TSB = tryptic soy broth; TYEB = tryptone yeast extract broth. 

a No treatment: no enzyme, buffer or water was added to the control samples. 
b Calculated as inhibition rate of fungal CFU x inhibition rate of bacterial CFU x inhibition rate of dry weight. 
c Unspecified species of Lactobacillus. 
d Unspecified type of sugar. 
e Methods for biofilm quantification: methods used for qualitative analyses are not reported. 
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investigated by 16 studies [27–29,37,39–41,48,49,51–53,55–58]. 
Twelve reports compared the effect of enzymes on both outcomes [25, 
26,30,34,36,43–47,50,54]. Biofilm age ranged from 3 to 24 h in inhi
bition studies, with the majority of biofilms being grown for 24 h with 
the enzymes present in the growth medium. Most frequently, the control 
group was not exposed to any treatment in inhibition studies, which 
means that no water, buffer or heat-inactivated enzyme was added to the 
control samples. One study used deionized water as the control [45], and 
three studies used enzyme buffer [25,50,54]. 

Biofilm removal studies exhibited a greater degree of variation 
regarding the study design and treatment regimen. Pre-formed biofilms 
were grown from 4 to 115 h prior to enzyme treatment, with most 
studies growing biofilms for 24 h. Ding et al. (2020) was the only study 
to treat pre-formed biofilms with enzymes immobilized on hydroxyap
atite (HA) nanoparticles [27]; all other investigations applied enzymes 
in solution as a single treatment for periods varying from 3 min to 24 h 
[25,26,28–30,34,36,39–41,44,46,47,49–52,54–58], or as pulsed treat
ments with durations between 1 and 5 min [37,43,48,53]. After enzyme 
treatment, the biofilms were immediately prepared for analysis, or 
further incubated [41,51,52,56] for periods ranging from 6 h to five 
days. Rikvold et al. (2023) was the only study to apply agitation during 
enzyme treatment [54]. Four articles did not fully report the treatment 
protocol [41,45] or specify the control treatment [52,57]. Most often, 
the control samples received no treatment [26,34,36,40,41,44,58,28,30, 
46,47,49], followed by treatment with enzyme buffer [29,39,50,55,56, 
54], saline [37,43,48], water [27,45], or PBS [25,53]. Bem et al. (2023) 
was the only removal study to use heat-inactivated enzymes as one of 
the controls [48], while Plesczynska et al. (2010) [51] did not describe a 
control group that was not exposed to mutanase. 

The majority of studies used S. mutans biofilms grown in the presence 
of sucrose as a cariogenic biofilm model [25–27,29,30,33,34,36,38,39, 
42,43,45–47,49,50,52,55]. Single-species biofilms of Streptococcus 
sobrinus were employed by Pleszczynska et al. (2010) [51] and Yano 
et al. (2010) [47]. Multispecies biofilms grown in the presence of sucrose 
were used as biofilm models in eight studies [37,40,44,53,54,56,57]; 
these included a variety of different acidogenic bacteria (e.g. S. mutans, 
S. sobrinus, Lactobacillus acidophilus, Actinomyces viscosus, Streptococcus 
salivarius) and fungi (e.g. Candida albicans), as well as other typical 
colonizers of the oral cavity (e.g. Fusobacterium nucleatum, Veillonella 
parvula). Eight studies did not supplement the biofilm growth media 
with sucrose [28,31,32,35,40,48,58] or did not specify the type of sugar 
added [41]. Many reports did not specify the surface the biofilms were 
grown on, only the type of device used for biofilm formation (e.g. mi
crotiter plates). The most commonly employed surface was uncoated 
glass [26,30–32,34,36,37,43,44,48–52], followed by polymers (e.g. 
polystyrene or polypropylene) [30,38,40,47,54]. Some studies used 
saliva-coated glass [53,57,58] or saliva-coated HA [29,39,55,56]. 

Different biofilm quantification methods were reported in the 
included articles. Crystal violet staining was the most common method 
and was used in 18 studies [25–28,30–36,38,40,43,45–47,54]. Some 
studies employed other colorimetric analyses like alcian blue [50] or 
erythrosine staining [44,53,57,58]. Absorbance [49,52] or optical 
density [43] measurements performed without the aid of colorimetric 
agents were employed in three investigations. Biofilm mass (dry weight) 
was quantified in six studies [30,34,37,39,51,56], while colony-forming 
unit (CFU) counts were used by five investigations [37,55,39,48,56]. 
One study investigated the biofilm adhesion and stability using 
impedance-based real-time cell analysis (RTCA) [54]. Some reports 
performed quantitative analyses of images obtained by scanning elec
tron microscopy (SEM) [30,36,42] or confocal laser scanning micro
scopy (CLSM) [34,37,41,43,55,56], but in most reports, microscopy 
images were only used for qualitative analyses (data not extracted). 
Hwang et al. (2014) was the only study to use mechanical stability and 
viscoelasticity tests as a measure of the effect of enzymes on biofilm 
removal [29]. 

3.3. Risk of bias 

The risk of bias assessment resulted in six studies judged to be at high 
risk [36,41,42,45,51,57], twenty three at medium risk [26,27,30–35, 
37–40,43,44,46,48–50,52,53,55,56,58], and five at low risk [25,28,29, 
47,54] of bias (Table 2). The most frequent items of the risk of bias tool 
that contributed to the judgement were the blinding of operator/
assessor (item 6), which was not reported by any study, and the 
description of statistical analysis (item 7; judged as “N” in 22 articles), as 
illustrated in Fig. 2. 

3.4. Results of individual studies 

A summary of the results of the included studies is presented in 
Fig. 3. 

3.4.1. Inhibition of biofilm formation 
The inhibition of biofilm formation by mutanase was investigated by 

four studies, two of them with medium [44,50] and two with low risk 
[25,54] of bias. Of the four studies, only two analyzed the treatment 
effect statistically [25,54]. Cortez et al. (2023) [25] found mutanase to 
significantly reduce S. mutans biofilm formation by 80–90 % after 24 h, 
while Rikvold et al. (2023) [54] reported 97 % inhibition of a multi
species biofilm grown for 24 h in the presence of mutanase compared to 
buffer control. Similarly, Wiater et al. (2004) [44] observed 96 % 
reduction of biofilm formation in a multispecies model after 24 h. 
Cherdvorapong et al. (2020) [50] reported an inhibition of S. mutans 
biofilms grown for 4–16 h in the presence of one of two types of re
combinant mutanases, rAglST1 and rAglST2, which were added to the 
growth medium. The authors reported that both mutanases had a similar 
biofilm inhibition effect, which was highest after 12 h of incubation 
(65–79 %) [50]. 

Sixteen studies evaluated the effect of dextranase on biofilm inhibi
tion [25,26,30–36,38,42–47], and all of them reported reductions 
(30%–92 % for the highest applied concentration) in biofilm formation. 
Two studies received a low risk of bias assessment [25,47]. Yano et al. 
(2010) [47] reported dextranase to significantly inhibit biofilm forma
tion of S. mutans or S. sobrinus by 37–42 % after 16 h. Cortez et al., 2023 
[25] found 80 % inhibition of S. mutans biofilm formation after 24 h 
when the medium was supplemented with 0.1 % sucrose. Interestingly, 
the effect decreased to 55 % when the sucrose concentration was 
increased to 1 %. The majority of studies was assessed to have a medium 
risk of bias [26,30–35,38,43,44,46], whereas three reports received a 
high risk of bias judgement [36,42,45]. Out of those, three in
vestigations did not include sucrose in the biofilm growth medium [31, 
32,35]. The highest observed treatment effects ranged from 61 to 92 % 
and 30–84 % for studies that did and did not provide sucrose during 
biofilm growth, respectively. 

Two studies compared the effect of mutanase and dextranase, and 
reported a higher inhibitory effect of mutanase compared to dextranase 
(96 % vs. 61 % [44]; 90 % vs. 55 % [25]). Only one investigation [44] 
evaluated the effect of combined treatment with mutanase and 
dextranase on biofilm inhibition. The effect considerably exceeded the 
inhibitory effect of dextranase, but not of mutanase (mutanase: 96 %; 
dextranase: 61 %; combined treatment: 99 %) [44]. 

3.4.2. Removal of established biofilms 
The removal of pre-formed biofilms by mutanase was investigated by 

ten studies [25,39,44,48,49,50–54]. The studies by Rikvold et al. (2023) 
[54] and Cortez et al. (2023) [25] were classified as having a low risk of 
bias and reported significant removal of 60% and 92%–97%, respec
tively, of 24 h-old biofilms. The studies classified as having medium [39, 
44,48–50,52,53] or high [51] risk of bias also reported biofilm removal 
by mutanase (30%–98 %), but only two of them [39,48] performed a 
statistical analysis of the results. Bem et al. (2023) [48] found no sig
nificant difference between treatment with active and heat-inactivated 
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enzymes against S. mutans biofilms grown with glucose as carbohydrate 
source. Similarly, Ren et al. (2019) [39] reported no significant reduc
tion in biomass of mutanase-treated S. mutans biofilms grown in the 
presence of sucrose compared to the control. 

Sixteen studies evaluated the effect of dextranase on the removal of 
established biofilms [25–30,34,36,37,39–41,43–45,47], and the re
ported results ranged from 1 % to 93 % biofilm removal. Four studies 
were classified as having a low risk of bias [25,28,29,47]. Hwang et al. 
(2014) [29] found that the mechanical stability of S. mutans biofilms was 

significantly reduced after 30 min of dextranase treatment, whereas 
Yano et al. (2010) [47] reported no significant removal of S. mutans or 
S. sobrinus biofilms by dextranase treatment (1 % reduction). Dong et al. 
(2021) [28] reported 84 % removal of S. mutans biofilms after 6 h of 
treatment, but the biofilm model was grown without added sucrose to 
the media. One study [25] compared the removal effect of dextranase 
against S. mutans biofilms grown with 0.1% or 1% sucrose, and reported 
a higher susceptibility of biofilms grown in lower sucrose concentrations 
(92% vs. 86% removal, respectively). The remaining studies were 

Table 2 
Risk of bias assessment of the included studies.  

Author, year Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Risk of bias 

Bem, 2023 Y Y N Y Y N Y Medium 
Boddapati, 2023 Y Y Y Y Y N N Medium 
Cherdvorapong, 2020 Y Y Y Y Y N N Medium 
Cortez, 2023 Y Y Y Y Y N Y Low 
Deng, 2020 Y Y Y Y Y N N Medium 
Ding, 2020 Y N Y Y Y N N Medium 
Dong, 2021 Y Y Y Y Y N Y Low 
Hwang, 2014 Y Y Y Y Y N Y Low 
Jiao, 2014 Y Y Y Y Y N N Medium 
Juntarachot, 2020a Y Y Y Y Y N N Medium 
Juntarachot, 2020b Y Y Y Y Y N N Medium 
Lai, 2019 Y Y Y Y Y N N Medium 
Liu, 2016 Y Y N Y N N Y Medium 
Liu, 2021 Y Y N Y Y N Y Medium 
Mahmoud, 2022 Y Y Y Y Y N N Medium 
Ning, 2021 Y N Y Y N N N High 
Pleszczynska, 2010 N Y Y N Y N N High 
Qiu, 2016 Y Y Y Y N N Y Medium 
Ren, 2018 Y N Y Y Y N N Medium 
Ren, 2019 Y N Y Y Y N Y Medium 
Rikvold, 2023 Y Y Y Y Y N Y Low 
Shimotsuura, 2008 Y Y N Y Y N N Medium 
Singh, 2021 Y N Y Y Y N Y Medium 
Tsutsumi, 2018 Y Y N Y Y N Y Medium 
Wang D, 2014 Y N N Y N N N High 
Wang X, 2014 Y N Y Y N N N High 
Wang X, 2016 Y Y Y Y Y N N Medium 
Wiater, 2004 Y Y Y Y Y N N Medium 
Wiater, 2008 N Y N Y Y N N High 
Wiater, 2013a Y Y Y Y Y N N Medium 
Wiater, 2013b Y Y Y Y N N N Medium 
Xu, 2022 Y N N Y Y N N High 
Yang, 2019 Y N Y Y Y N N Medium 
Yano, 2010 Y Y Y Y Y N Y Low 

“Y” (yes) = information was described by the authors; “N” (no) = information was unclear, not reported or incomplete. 
Item 1 = Presence of a control group. 
Item 2 = Replication (independent experiments). 
Item 3 = Standardization and description of treatment regimen (enzyme concentration, treatment frequency and duration). 
Item 4 = Standardization and description of biofilm growth conditions (inoculation procedures, atmospheric and nutritional conditions, biofilm age). 
Item 5 = Standardization and description of biofilm quantification (method, sampling procedure). 
Item 6 = Blinding of operator/assessor. 
Item 7 = Description of statistical analysis. 

Fig. 2. Distribution of scores (Y: information was described, N: information was unclear, not reported, or incomplete) for each item of the risk of bias tool for the 
included studies. 
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classified as having a medium [26,27,30,43,44,46,37,39,40] or a high 
[36,41,45] risk of bias. Qiu et al. (2016) [37] observed a significant 
biofilm mass removal after short pulsed treatment (1 min, 2x/day) of 
multispecies biofilms grown in the presence of 1 % sucrose. Tsutsumi 
et al. (2019) [40] applied a single 3-min treatment to 24 h-old multi
species biofilms, and found a limited effect of dextranase against bio
films grown in salivary medium without sucrose. Interestingly, biofilm 
removal was significantly higher when sucrose was present during 
growth [40]. Wang D. et al. (2014) [41] reported a reduction in the 
thickness of both S. mutans and multispecies biofilms after dextranase 
treatment, but the treatment regimen was not specified. Ren et al. 
(2019) [39] observed no significant reduction in the biomass of 
S. mutans biofilms after 2 h of dextranase treatment, whereas several 
other studies reported moderate (49–60%) [30,43,46] to high (71–93%) 
[26,34,36,44,45] removal effects of dextranase using similar biofilm 
models. One study [27] reported an increased effect of dextranase 
immobilized on hydroxyapatite particles compared to free enzyme in 
solution (86 % vs. 14 %), but did not analyze the results statistically. 

The biofilm removal effect of combined mutanase and dextranase 
treatment was evaluated by seven studies [25,39,44,55–58], one of 
them with a low risk of bias [25]. Cortez et al. (2023) [25] reported that 

combined treatment removed 94–95 % of pre-formed biofilms compared 
to 92–97 % for mutanase and 86–92 % for dextranase alone. The 
remaining studies were classified was having a medium [39,44,55,56, 
58] or a high [57] risk of bias. Ren et al. (2019) [39] observed a sig
nificant reduction in biofilm mass after combined treatment with 
mutanase and dextranase, but not when the enzymes were applied 
individually. Wiater et al. (2004) [44] also compared the effect of 
combined and individual enzyme treatment, and reported a higher 
removal rate when both enzymes were applied simultaneously (combi
nation: 95 %, mutanase: 85 %, dextranase: 71 %). Wiater et al. (2008) 
[57] and Wiater et al. (2013a) [58] both reported a time-dependent 
effect of combined mutanase and dextranase treatment, which ranged 
from 63 % (1 h) to almost 100 % (6 h), but in the latter study the media 
was not supplemented with sucrose, and in both studies no statistical 
analysis was performed. Three studies found no differences in CFU 
counts [39,55] or total biofilm inhibition index [56] between enzymatic 
and control treatment. 

3.4.3. Inhibition vs. removal of biofilms 
Twelve studies compared the effect of enzymes on biofilm inhibition 

and removal [25,26,30,34,36,43–47,50,54]. In most studies, both 

Fig. 3. Highest biofilm inhibition (A–C) and removal (D–F) effects of mutanase and/or dextranase observed by the included studies and their respective risk of bias. 
Studies where the quantitative results were not reported with numerical values and could not be extracted are not listed. 
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mutanase [44,50,54] and dextranase [30,34,43,45,46,47] were more 
effective in preventing biofilm formation than in removing established 
biofilms, whereas Deng et al. (2020) [26] found a similar effect of 
dextranase for S. mutans biofilm inhibition and removal (91 %). Inter
estingly, Wiater et al. (2004) [44] reported a higher effect of dextranase 
for the removal of pre-formed biofilms (71 %) than for the inhibition of 
biofilm formation (61 %), whereas the opposite trend was observed for 
mutanase (inhibition: 96 %, removal: 85 %). Yano et al. (2010) [47] 
found that dextranase had no significant effect in removing pre-formed 
biofilms (1 %), but that it significantly inhibited biofilm formation 
(37–42 %). Cortez et al. (2023) [25] was the only study that reported a 
higher effect of both mutanase and dextranase on the dispersal of 
pre-formed 24 h biofilms than on the prevention of biofilm formation. 

4. Discussion 

Enzymatic therapy for the removal of microbial biofilms has recently 
gained increased attention in a variety of fields, such as the medical and 
food industries [59]. In the context of oral health, matrix-degrading 
enzymes, in particular mutanase and dextranase, have been consid
ered promising non-biocidal adjuncts to biofilm control and dental 
caries prevention. This systematic review evaluated the current evi
dence regarding the effect of mutanase and/or dextranase on the inhi
bition and/or removal of in vitro-grown cariogenic biofilms. A total of 34 
articles were included in this review, and the pooled data indicate that 
mutanase and dextranase, applied as single or combined treatment, are 
able to both inhibit biofilm formation and remove established biofilms in 
vitro. Most studies found a higher effect of the enzymes on biofilm in
hibition than on removal [30,34,43–47,50,54], which can be explained 
by a longer exposure and an easier access of mutanase and/or 
dextranase to their targets, as the enzymes are present from the begin
ning of biofilm formation and matrix production in inhibition experi
ments. Overall, mutanase exhibited a stronger biofilm inhibition and 
removal effect than dextranase, which suggests an important role of 
mutans (α-1,3 glucans) in biofilm stability. However, most studies were 
conducted using S. mutans biofilm models, which have a particularly 
high abundance of water-insoluble glucans rich in α-1,3 glucan, the 
specific target for mutanase [60]. Only one study [44] included in this 
review compared the effect of mutanase and dextranase in a multispe
cies biofilm model, but there, too, a higher inhibition and removal effect 
was found for mutanase. The few studies that compared single and 
combined enzyme treatment reported an increased effect of the latter on 
biofilm formation [25,39,44]. This apparent synergistic effect shows 
that both matrix components (mutans and dextrans) contribute to 
adhesion and/or cohesion and thereby biofilm stability. 

Several studies found that the enzyme effect increased in a time- and 
dose-dependent manner, until it reached a plateau. Most inhibition 
studies applied the enzymes for longer periods, typically 24 h, while 
common treatment times in removal studies spanned from 30 min to 24 
h. Such extended treatment times may be difficult to achieve in a clinical 
setting, but a few studies tested short treatment periods of 1–3 min and 
still reported significant biofilm removal [37,40]. All studies that 
compared different enzyme concentrations found improved effects for 
higher concentrations, but comparisons between individual studies were 
not possible, due to a considerable heterogeneity in the reporting of 
enzyme concentrations/activities. In general, the reports failed to pro
vide all the details required by the Standards for Reporting Enzyme Data 
(STRENDA) commission, such as the assay conditions and enzyme ac
tivity calculations [61]. 

Due to the high heterogeneity among the included studies, it was not 
possible to perform a meta-analysis. The main differences in study 
design included the employed biofilm model, treatment regimen, and 
outcome measures. Furthermore, enzymes are a very heterogeneous 
class of therapeutics compared to other oral adjuncts, such as fluoride or 
arginine. Many different source organisms and production methods can 
be used to obtain biologically active enzymes, and those significantly 

affect enzyme specificity, activity and stability, as well as the optimal pH 
and temperature range [10,11]. 

Most studies included in this review were conducted on simple bio
film models, composed of one or a very limited number of bacterial 
species. The microbial composition of biofilms grown intraorally is 
significantly more diverse, and so is their biofilm matrix, which has been 
shown to comprise of many distinct carbohydrate components [62,63], 
eDNA [64], lipids and proteins [65]. It therefore remains unclear if 
treatment with mutanase and/or dextranase can achieve significant ef
fects in a clinical context. Furthermore, few investigations mimicked a 
clinically relevant treatment regimen, and in some studies, no sucrose 
was present during biofilm growth [28,31,32,35,40,48,58], or the type 
of sugar added to the growth medium was not specified [41]. In the 
absence of sucrose, alternative substrates can potentially act as donor 
molecules for streptococcal glucosyltransferases [66,67]; nonetheless, 
sucrose remains the primary and optimal substrate for glucan synthesis 
[2]. Consequently, studies that did not include sucrose in the growth 
medium may not accurately reflect the typical glucan production of oral 
biofilms and hence the effect of glucan-degrading enzymes. 

The majority of studies in this review were classified as having a 
medium risk of bias. Strikingly, the lack of a statistical analysis or the 
incomplete reporting of important elements of the statistical analysis, 
such as the employed statistical test and the adopted level of signifi
cance, were among the most frequent shortcomings of the reports 
(Fig. 2). Moreover, none of the investigations reported blinding of the 
investigators, which may introduce significant bias in the assessment of 
treatment effects. Operator/assessor blinding is routinely performed in 
most clinical trials [68] and also advocated by the Checklist for 
Reporting In-vitro Studies (CRIS) guidelines [69], but rarely imple
mented in laboratory studies. The findings from this review are in line 
with other systematic reviews of in vitro work, which also reported the 
complete absence of investigator blinding in all included studies 
[21–23]. Another concern that is especially relevant in the context of in 
vitro studies is a publication bias towards positive outcomes. Studies 
with non-significant or inconclusive results are less likely to be pub
lished, which may lead to an overrepresentation of positive findings in 
the current literature. It is, however, virtually impossible to assess the 
extent of such bias for laboratory studies. 

The scope of this review was limited to investigating the sole effect of 
mutanase and/or dextranase treatment on biofilm inhibition and 
removal. As enzymes seek to disrupt the biofilm matrix and thereby both 
increase the permeability and reduce the mechanical stability of bio
films [6,29], their action could be employed to enhance the effect of 
other therapeutic approaches, like antimicrobial treatment, mechanical 
oral hygiene, or fluoride supplementation. Some of the studies included 
in this review combined enzyme treatment with other methods of bio
film control and reported favorable results for combination treatments 
[34,37,39,47,55], but the results of supplementary treatments were not 
extracted in this review. 

5. Conclusions 

The pooled data suggest that mutanase and dextranase, applied as 
single enzymes or combined treatment, are able to both inhibit and 
remove in vitro cariogenic biofilms; however, most included studies were 
classified as having a medium risk of bias, and no meta-analysis could be 
performed due to a considerable heterogeneity between studies. A 
higher reporting standard and practices to minimize the introduction of 
bias, such as blinding of the operators, the conduction and proper 
description of independent experiments (biological replicates), as well 
as the use of biofilm models that better mimic natural biofilms are 
needed in future in vitro studies on enzymes. 
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6. Other information 

6.1. Protocol and registration 

This systematic review was conducted in accordance with the 
Preferred Reporting Items for systematic Reviews and Meta-analyses 
guidelines (PRISMA 2020) [24]. The review protocol was registered at 
the Open Science Framework (OSF) database and is publicly available at 
https://osf.io/tq8ah. 
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