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Abstract: In this study, an in vitro model of the oral microbiome was developed to investigate the effects of postbiotic
toothpaste (PT) and sodium dodecyl sulfate (SLS) in toothpaste on the caries resistance of oral biofilms, using crystal violet
staining, total colony-forming unit (CFU) counting, polymerase chain reaction (PCR) analysis, lactic acid concentration de-
termination and 16S rDNA sequencing. The results showed that PT maintained the normal growth and metabolism of healthy
biofilms, and after cariogenic challenge, the PT group exhibited lower viable living bacteria counts, total bacterial load, and
metabolic activity, indicating enhanced caries resistance. In contrast, SLS disrupted the growth, metabolism,and three-
dimensional structure of healthy biofilms, and after cariogenic challenge, the SLS group showed increased biomass, viable
bacterial counts, total bacterial load, and metabolic activity, leading to a higher risk of caries development. Biofilm commu-
nity analysis revealed that the PT group exhibited a-diversity and community structure similar to those of the negative control
group, and remained relatively stable after cariogenic challenge. By contrast, the SLS group displayed high a-diversity, but

its flora structure was dysregulated and unstable. The results of the combined PT and SLS intervention group showed that the
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SLS content in the postbiotic toothpaste was insufficient to cause oral microecological dysregulation, as PT was effective in

counteracting the detrimental effects of SLS on biofilm. This study may provide a reference for the development of effective

ingredients for oral care products.
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Fig. 1 Effects of postbiotic toothpaste and SLS on biofilm biomass
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Fig. 2 Effects of postbiotic toothpaste and SLS on the viable bacterial counts in biofilms
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Fig. 5 Effects of postbiotic toothpaste and SLS on the morphology and structure of biofilms
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Fig. 6 Alpha diversity of healthy biofilms in different treatment groups
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Fig. 7 Alpha diversity of cariogenic biofilms in different treatment groups

K10 (b) FIIE 11 (b) s TP AR ACFREE R A ik — 228 T SLS 4149
WA A JE K R ZE S R AEY I R AR R A B S S, R B E R



2025 4 12 A wy i, SR JEAETCOPE MCOF B PR SLS X E AR YT TR R S +25-

20

e CTL
15F CHX
®rT
1ol @ PTsLs
_ SLS
S
= 51
o
g .
-9
5t
-10 F
_15 i 1 1 1 1 1
-40 =30 20  -10 0 10
PC1(48.47%)
(a) FEBHTIE (PCA)
stsp (]
PT+SLS |
SR |
SV
CHX | |
CTL | [}
-35 30 -25 20 -15 -10 -5 0 5

PC1
(b) ZH I RE i R ]
B8 TRELEBARREVENARNESR

Fig. 8 Between-group differences in healthy biofilms of
different treatment groups

PC2(15.01%)
[

| ®cCTL
CHX

@ PT

10} @ PT+SLS

SLS

=~ F

-16 12 -8 -4 0
PC1(24.07%)

(@) WA 5HrE (PCA)

SLS HIH
PT+SLS | —
E_; PT {H
cux p——— Tk
CTL | Hil
-14 Z12 10 -8 -6 -4 -2 0 2 4

PC1
(b) IR AR IE
B9 FRAAEBAFBEVENAEDES

Fig. 9 Between-group differences in cariogenic biofilms
of different treatment groups

(Streptococcus) | i % 3K J& (Staphylococcus) | 5 7

BRI & (Veillonella) . A3 ¥1 & J& (Acinetobacter) |
7 s [GTH & (Neisseria) RPN JE (Pseudomonas)
FWEATR B (Thermus) 5% (Kl 10(b) ) o BlEAY
JERERI R, SLS A WY Rh AR MRS, T2 RD
ALFEEE KRR | 2 BR A | B TR RN 5 o LRk
wWE (E11b) ).

CHX
a5 0
o O -
;14 N b " N
¢ P e "\9 \ L PT
| ’.0: 0/ \"\1\ 3 ','
. b B ) /
0 B
Sy B
53:\‘\\\ II_—'}! )
V. 8 Cpates 7. A
L 3 /?: i
a7y BUREES ,
SLS usues ..~ PT+SLS

(a) HLUEMIIE OTU FEA 5341 =5 B &

1.0

- _—
s =
x
S
=
1 0.6F
il
#o04t
s
=

0.2
0
CTL CHX PT PT+SLS SLS
2851
B Streptococcus m JVeillonella Pseudomonas
Staphylococcus Neisseria W Thermus

W Acinetobacter Haemophilus m others

(b) FETJEK_E R YA T Al AT
B 10 FEAbIEZA 62 R E BRI M Fh B 454
Fig. 10 Community composition of healthy biofilms in
different treatment groups

2,64 BF AT

WA AT R KT AR B T, AR
JEA R, PT AHAEER TR | 5 50 [CER TR &8 R I i
J& (Haemophilus) BIAHXT S CTL 4HAH24; SLS [%
I T 4R A AN SR ER P S A B, H T R
BREAJE | 55 [ BRI & A LA B i A = B, 3
HR AR TR 8 AR BRI TR U 3, (S HE 50.83%
( 12) o B4 PRI, SLS T 1if s T 5Bk
PR | A ER R | 1B R R 5 2 FR BR T & A
XFFERE, A DB S R N 2R [ ER T R 1 A b f
g, Hob Har Bk E] 8.29% A1 13.08% (& 13) .
DA 25 SR B, 7 f R A W R S0 A A P A o
SLS 7l I 58 2> 3 U L V5 E SO B AT = B (1) 38
i, R RS S



26

L 1o ~3LREEES
. g 56
SLS =~ S~ PT+SLS

(a) B OTU FEAM i 35 B
1.0
0.8t
0.6

0.4r1

FEYE 2 o /%

021

0

CTL CHX  PT PT+SLS SLS
415

B Streptococcus B Pseudomonas others

Lactobacillus Veillonella
W Staphylococcus unclassified_o_Lactobacillales

(b) =TI A Y 76 S5 A0 ST
B 11 FREABA R E MR T AR &1
Fig. 11 Community composition of cariogenic biofilms in
different treatment groups

CHX

j— w= PT
== PT+SLS
SLS

Staphylococcus
Acinetobacter [F——=
Veillonellaly
Neisseria s

Haemophilus -

0 50 100 150
/%
B 12 AEAIBAREREMERATE YT
Fig. 12 Dominant species of healthy biofilms in different
treatment groups

Streptococcus = CTL

CHX
== PT
Staphylococcus == PT+SLS
SLS
= Neisseria
"
Pseudomonas
—
Lactobacillus
|
Veillonella
0 0.5 1.0 1.5

& /%
B 13 AEAEAEEEMER RS
Fig. 13 Dominant species of cariogenic biofilms in differ-
ent treatment groups

FUBBLEEHB F40% $o

3 3 #

B U 2 A AE T AR — R8s , 2 3
BRANE A T . TR BRI K AL A Bk st i sh s e
WP E B, W A ER R RIS S5 | 4R A
I A B AR N R 2%, HORZ DA W s A I A7
FE , AW A O S - B 2 —
BRLI AR BE R UL A, R BEA PR N R
Y8 A 508 R 2 AL F A R A S, AN
Sy R o — H AU, WA K2R
Y SRR A B AR | ML T 19 T R4
TEH 0 P A W I A0 R 1 A PR 21 27 kg s B 40
G, AN . UL, S5 2B T I EE SN SR
T O 20 TR A R 2 A A R AR B A AR
AP S S A W RS I R S T AN
P R 45 1 R0 M R R G 4 7 1) % pE
Je A TCRERS AL T A 45, SLS 1M 4 B i 75
PSR A P SE AT S L ARFRT T 4B A
A3y JE A A SLS i 1 stk S AT P 5

ARWFFER AL ESE Y AAA B HT
PRGN 1R B HH: AR RY | ) 5l B A= A S RN S50 A
JIEE, WE—2 R A A5 e fa CFU % | %€ 7 PCR 41
Bt FLERINE . SEM MEZHN 16S rDNA il Fp45 £ /b )y
TN W P ) A K RN TR R SE A EA T R GV 4
S a2 —FhARRE R vk, AT LUE T 2
(A W, AR AN 20 | SEAN B AE 4l Y. CFU
TR D 2 3 PR B I 80 % o FEE 5 1 P S
BIF, &2 PCR AT LASTHT A 435 58 41 B 1 240 B 7E 9
(2B A A, T LR G 77 2R 2 11 s A Wy st
FEAR AR ERER T (AN 15) i S BE R 28, [ Ao LR 7 o
BEA 2275 2 MRS R AR 1RO, DR I AR BT 5 G
TR . I P BT IER , BB AT A P
MBS AN T A AR 2544 . 16S tDNA ]
J¥ T DAt — 254 7 11 s A W 5 vp R B2 0 22 b R
YR AL Y o AN KB A oe B T UG A AR
PR v () R o | A PR R A T TR A
RTS8 5 [ o) REZEL AR, 2R BH L RB A% AT R At 4 fit
FREAE PR E AR R ESFRS S . TEBUE IR, 5
SOV g a (TEA SO | LR N | IS S (U R R o)
A, BB JE A= 00 8 T TS A9 A4 0 B P A
Schwendicke 25 AIFFY s 2% B HROK 3 S 40 RUBLFT 14
BBI12 FEMRSNAT AREARA: P B S50 4 o AR SO 9 45



2025 4 12 A wy i, SR JEAETCOPE MCOF B PR SLS X E AR YT TR R S =27

R WIR, SLS Bt i & R (e R AE M I A0 AR ) ik
TG DA BCR A P S0, WESR AR RS i) — e S R by, 3%
W] SLS HA—EMAWAEM , IFaets i/ s 2 b
Bt X — SRS R 3, B SLS fF
hp—FhFRENE R, 0T LR AN I R MR S
SRMEBUE S, SLS THn AW AP | %
BB AN B BRSPS e BT, X8 SLS
T S A W EAE BB A T A A R A R, $2
1R T A AU

R T HE— AR GEA OCHL] , AR AT T 16S
tDNA 7. 25 R BN, J5AETA B Tl o 24
A A R TN S0 A P PSS TR o 5 B X R 4 38 T
FHER . JFEIUAE TN p 2R RS
PEXT BB e T o FIREE RULHA , 5 2k JCRERE 4k 15
TR RRE 11 J 2k W R R Bl A 25 80 , 1 25l Ak M I )
PARELEA , HAT B e liis 71 o X nl 2 Je A= el
a0 SR TR R O TR <5 A R S S BIL I R
AT AR B X R B i 2 A v R PO A f R
AR SLS T4l LB AR Y o ZREE,
FeA i OTU $H sk 372 A, BAERE R ki)
Fh, 23 lE Pk S , SLS 4EEA 1 OTU dimi
10 41>, o ZHE1E (Ace F50 o i E AR, 35 5 [RIK R
J& | A B TR B R I A A L A S e —
AT EARIREE R AR A 522 FOBAYE B, St Il
(25 PR P 5 o0 FC BRI R AE 5 5 4 BR 1 8 4
RAEFZEI , (22 AYIBTE B, A T EAT B
A= KA P bl WL, SLS T3k A= 4 s B 4R .
AR o ZFEE BRI RS 1) T PR AR
YIRs, HEmrEE, E—FAToE Mgt . SLS )
TR0 B B AR A O SO B, T O LA
—FE AR B S, RN T 30 e e e e B A2 3 M T
AT A fE R 1 R A= MBS RY | LT 28 0 A4 D P R
T D S, SRR

AR SLS TS RAE/R T SLS Al e 1
T YT AE ) KBS 5, (R AE S PR ] Hh HEANF A
SLS H i fiff FH 9 o] RE % o 78 J5 2B 00 A s
SLS (PT+SLS 4) , A& R atr kil 25 R m F PT
20, FIH e AR O 1 Bl 25 9 1 1) VR R RE S AR K
B4 SLS X I st A= 25 B4 50

ZE L FTIR, J5 AR U B BRI Y R A M A AR
R AR, 3 Ao 2 A 0 B A B, A
2% HEFHIE N KB A PTG RE J) o SLS A —E
R RN G BR A RE T , (HELRE S Al (a5 Ak ) e

ZEKE , FF 3 AR AR o B 25, S — S XU
E (R, A8 5 A C i BN BE SR ORI SLS
BAOp el PSR 0% 1 A MR B SR S DRt
AJCAE ) SLS FEA AT R PR AR
AT BE b 1 )5 e A BRI B R SLS
Xof fEE B 1 b A AT R A B2, S AR R AP B
A3 I TE R RN TS

S 30k :

[1] BAKER JL,WELCH J L M,KAUFFMAN K M, et al.
The oral microbiome: diversity, biogeography and human
health[J]. Nature reviews microbiology,2024,22(2) :
89-104.

[2] GAOL,XU T S,HUANG G, et al. Oral microbiomes:
more and more importance in oral cavity and whole
body[J]. Protein & cell, 2018, 9 (5) : 488-500.

[3] MAIER T. Oral microbiome in health and disease :
maintaining a healthy, balanced ecosystem and reversing
dysbiosis [J]. Microorganisms, 2023, 11 (6) : 1453.

[4] WILLIS J R, ABALDON T. The human oral microbiome
in health and disease: from sequences to ecosystems[J].
Microorganisms, 2020, 8 (2) : 308.

(5] Bigt. MELE OhAdxd JL B U Y Wi ROR A5 [T
RO R T 445, 2018, 5(19) < 111-115.

[6] FE24, iV, 2507, S 4s [ O f BRI A T~
PR ML Jbat: AR ., 2018 1-34.

(7] SHIF/NMA, T, % FREBEAEVERIE RS
H L], 244, 2018, 58 (1) : 1950-1960.

(81  XUAR L, SBHH . AL TEHEBR A AR MRS AH O L R
WFFE LI (V). SF AR B8 TR 5 2%, 2006, 35 (9)
532-535.

[9] AGUILAR-TOALA J E,ARIOLI S,BEHARE P,et al.
Postbiotics-when simplification fails to clarify [J]. Nature
reviews gastroenterology & hepatology,2021,18(11) :
825-826.

[10] BASIR L,MOGHIMIPOUR E,SAADATZADEH A, et
al. Effect of postbiotic-toothpaste on salivary levels of
IgA in 6-to 12-year-old children: study protocol for a
randomized triple-blind placebo-controlled trial[J].
Frontiers in pediatrics, 2022, 10: 1042973.

C11] X3, T 16S rRNA 2AMF H 5 A0 & Rl B
i SR ST ANRER) L RRE > HT [D]. BB H AR
24,2022,

[12] DI PIERRO F,ZANVIT A,NOBILI P, et al. Cariogram
outcome after 90 days of oral treatment with

Streptococcus salivarius M18 in children at high risk for



« 28

(13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23] 4

dental caries:results of a randomized, controlled study
[J]. Clinical , cosmetic and investigational dentistry,
2015,7:107-113.

HOMAYOUNI R A,POURJAFAR H, MIRZAKHANI
E. A comprehensive review of the application of
probiotics and postbiotics in oral health[J]. Frontiers in
cellular and infection microbiology, 2023, 13:1120995.
PETERSEN F C,ASSEV S,SCHEIE A A. Combined
effects of NaF and SLS on acid- and polysaccharide-
formation of biofilm and planktonic cells[J]. Archives of
oral biology, 2006, 51 (8) : 665-671.

NORDSTROM A,MYSTIKOS C,RAMBERG P,et al.
Effect on de novo plaque formation of rinsing with
toothpaste slurries and water solutions with a high
fluoride concentration (5 000 ppm) [J]. European journal
of oral sciences, 2009, 117 (5) : 563-567.

SALTON M R. Lytic agents,
monolayer penetrability [J].
physiology, 1968,52(1) :227-252.

EXTERKATE R AM, CRIELAARD W, TENCATE J M.

Different response to amine fluoride by Streptococcus

cell permeability , and

The journal of general

mutans and polymicrobial biofilms in a novel high-
throughput active attachment model [J]. Caries research,
2010, 44 (4) :372-379.

TIAN Y,HE X, TORRALBA M,et al. Using DGGE
profiling to develop a novel culture medium suitable for
communities[J]. Molecular  oral
microbiology, 2010, 25 (5) : 357-367.

FAN X,ZHANG Y,SONG Y, et al. Compound danshen

flora and the

oral microbial

dripping pills moderate intestinal
TLR4/MyD88/NF-kB signaling pathway in alleviating
cognitive dysfunction in type 2 diabetic KK-Ay mice[J].
Phytomedicine, 2023, 111 : 154656.

LIU G,WU C,ABRAMS W R,et al.

functional characteristics of the microbiome in deep-

Structural and

dentin caries[J]. Journal of dental research , 2020 ,
99 (6) : 713-720.
SR, B, TKRIIAE, A5 B KR R AR R
MM H ERCE SR LT 0], DB Z20E5E, 2016,
32(12) : 1265-1268.
ROSIER B T,JAGER M E,EZAURA E, et al. Historical
and contemporary hypotheses on the development of oral
diseases: are we there yet?[J]. Frontiers in cellular and
infection microbiology,2014,4:92.

Fefi. AR RS FO 56 P 11 i W R E VR S5 40
HriD]. FEPR: KRR, 2019.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

FAMBKLEEE FHa0k Heow

LI X G,YAN Z,XU J P. Quantitative variation of
biofilms among strains in natural populations of Candida
albicans[J]. Microbiology-SGM, 2003, 149: 353-362.
R, AR, B A AW R A T A
FEEIRLT]. AEWBORERE, 2016, 6(5) :319-327.

4RE. MB-PDT 5 HMME-PDT XIS HERR B 1 BELE
YIMEAE XS LLAFSE (D). R REERKEE, 2019.
SCHWENDICKE F,HORB K,KNEIST S, et al. Effects
BB12 on

in vitro[J].

of  heat-inactivated  Bifidobacterium
cariogenicity of Streptococcus mutans
Archives of oral biology, 2014, 59 (12) : 1384-1390.
WAALER S M,ROLLA G, SKJORLAND K K,et al.
Effects of oral rinsing with triclosan and sodium lauryl
sulfate on dental plaque formation:a pilot study[J].
Scandinavian journal of dental research, 1993,101(4) :
192-195.

JENKINS S,ADDY M,NEWCOME R. Triclosan and
sodium lauryl sulphate mouthrinses. (II). Effects of 4-
day vplaque regrowth[J]. Journal of clinical
periodontology, 1991, 18 (2) : 145-148.

BACIC M. Clinical evaluation of periodontal diseases
[J]. Acta stomatologica croatica, 1982, 16 (4) : 295-305.
ZHANG Y,DING Y,GUO Q. Probiotic species in the
management of periodontal diseases: an overview[J].
Frontiers in cellular and infection microbiology, 2022,
12:806463.

SZYMANSKA J, SITKOWSKA J, DUTKIEWICZ 1J.
Microbial contamination of dental unit waterlines[J].
Annals of agricultural and environmental medicine ,
2008, 15(2) : 173-179.

B, ANk, iR A, A T R ERE S 1 R Y
WEFE ke 0], A 78 T BE 22 2R A, 2020, 38(5) : 576-
582.

LEE J H,JUNG J Y,JEONG Y J, et al. Involvement of
death
apoptotic pathways regulated by Bcl-2 family in sodium
fluoride-induced apoptosis of the
fibroblasts [J]. Toxicology, 2008, 243 (3) ; 340-347
SHAHEEN S S, RRDDY P, HEMALATHA, et al.

Antimicrobial efficacy of ten commercially available

both  mitochondrial-and receptor-dependent

human gingival

herbal dentifrices against specific oral microflora in vitro
study[J]. Journal of clinical and diagnostic research:
JCDR,2015,9 (4) : 42-46

MARTIN R, LANGELLA P. Emerging health concepts
in the probiotics field: streamlining the definitions[J].

Frontiers in microbiology, 2019, 10: 1047.
RERIE: A



