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Background: Vinegar has been recognized as an effective antimicrobial agent for long. This study intended to
elucidate the effect of commercially available vinegar on in situ pellicle formation and existing 24-h biofilms.

Methods: In situ biofilm formation took place on bovine enamel slabs mounted in individual splints and exposed
intraorally over 3 min and 24 h, respectively. After 5 s rinsing with vinegar, all samples were analyzed via
fluorescence microscopy (FM), scanning electron microscopy (SEM) and transmission electron microscopy (TEM). In
addition, salivary samples were collected and analyzed via FM. Samples with water rinsing served as controls.

Results: Vinegar caused destruction of the pellicle. Compared to the control group, vinegar rinsing reduced the
outer globular layer of the pellicle (p < 0.001), and resulted in formation of subsurface pellicle. Also, vinegar rinsing
could reduce bacterial viability and disrupt the 24-h biofilm. Total bacteria amount of saliva samples decreased
remarkably (p < 0.001) after vinegar rinsing within 30 min. Reduction of bacterial viability was observed even 120
min after vinegar rinsing in both biofilm and saliva sample (p < 0.001).

Conclusion: This in situ study reveals that rinsing with vinegar for only 5 s alters the pellicle layer resulting in
subsurface pellicle formation. Furthermore, vinegar rinsing will destruct mature (24-h) biofilms, and significantly
reduce the viability of planktonic microbes in saliva, thereby decreasing biofilm formation.

Background
Dental problems have been the major reason of Years
Lived with disability throughout the world [1]. Oral bio-
film has been accepted to be the main reason of oral dis-
eases, such as caries and periodontitis which are caused
by dysbiosis and imbalance of the biofilm’s composition
[2]. Therefore, biofilm management takes an essential
part in prevention and treatment of oral diseases.
Among many other natural antibacterial agents, vinegar
is often used for the prevention and treatment of diseases
because of its low pH value. Different studies have reported
that ear irrigation with diluted vinegar can be effective in
the treatment of ear infections, such as chronic suppurative

* Correspondence: Matthias.Hannig@uks.eu
Clinic of Operative Dentistry, Periodontology and Preventive Dentistry,
Saarland University, 66421 Homburg, Germany

K BMC

otitis media [3], granular myringitis [4] and otitis externa
[5]. Also, the undiluted vinegar can effectively remove the
bacteria from dentures, which will not cause oral mucosal
damage even if residual vinegar remains on the denture [6].
The explanation for this might be that vinegar affects cell
membrane function, leading to transmembrane proton mo-
tility destruction [7, 8], as well as other factors such as in-
hibition of enzyme activity [9], energy competition and
inhibition of bacterial protein expression [10].

Although vinegar has such antibacterial effects, there
is few research of vinegar applied to the oral biofilm.
The impact of vinegar on the initial microflora adher-
ence to enamel and the formation of biofilm in situ have
not yet been systematically analyzed. Thus, the present
study aims to investigate the effect of commercially
available vinegar on in situ formation of the initial pel-
licle and on 24-h biofilms, as well as on salivary bacteria.
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Methods

Subjects

Four healthy volunteers aged 25-35 participated in this
study. Visual oral examination was carried out by one ex-
perienced dentist, including determination of the physio-
logical salivary flow rate. The subjects showed no signs of
caries or periodontal disease. Furthermore, informed con-
sent forms were signed before experiment performance,
including customary diet, no smoking and no antibiotics
usage within 6 months. The study protocol had been ap-
proved by the Medical Ethics Committee of the Medical
Association of Saarland, Germany (# 238/03, 2016).

Preparation of specimens and saliva

Bovine permanent incisors from 2-year-old cattle were ex-
tracted and prepared to enamel slabs: 4 x 4 mm for Bac-
Light™ viability assay and scanning electron microscopy
(SEM), 2x2mm for transmission electron microscopy
(TEM). The prepared tooth samples were stored in 0.1%
thymol solution (pharmacy of the Saarland University Hos-
pital, Homburg, Germany) at 4 °C. In order to standardize
the samples, the surface of the enamel specimens was
ground flat and polished under water-cooling (P600-
P4.000, FEPA-P, waterproof silicon carbide paper, Buehler,
Disseldorf, Germany) [11-13]. To remove residues of the
polishing process, samples were rinsed with 3% NaOCI so-
lution (Hedinger, Stuttgart, Germany) for 3 min and then
washed twice in distilled water. Afterwards, the specimens
were disinfected by 70% propanol for 15 min [11, 14], and
then stored in distilled water for 24 h at 4 °C.

Saliva was collected between 9 and 12 a.m., thereby 2
ml saliva were taken within 5 min. Following this, each
sample was measured by means of pH test strips
(Macherey-Nagel, Carl Roth GmbH +Co, Karlsruhe,
Germany). Subsequently, samples were centrifuged at
1000 rpm for 10 min, and the supernatant was kept for
the second centrifugation (10,000 rpm for 10 min). The
supernatant was carefully removed and the pelleted bac-
teria were stained before observed by fluorescence mi-
croscopy (FM).
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Formation of in situ biofilm, application of vinegar

For in situ biofilm, individual acrylic upper splints for
holding enamel samples were manufactured for the maxil-
lary dentition of all subjects. After disinfection, enamel
slabs were mounted to the defined position on the splints
by polyvinyl-siloxane impression material (President light-
body, Coltene, Altstitten, Switzerland) (Fig. 1).

The experiment took place at 9a.m. All the partici-
pants were informed to brush their teeth without tooth-
paste 24h beforehand and during the experimental
period. After the specimens were exposed to the oral
cavity for 3 min or 24 h, the volunteers rinsed with 10 ml
vinegar (5% distilled vinegar, Heuschen & Schrouff OFT
B.V. Thailand) for 5s and then rinsed twice with 10 ml
water for 30 s. Immediately, three enamel slabs were dis-
mounted from the splints and analyzed via FM, SEM
and TEM. In the following, the remaining enamel speci-
mens were exposed to the oral cavity for another 30 min
or 120 min. Salivary samples were collected when en-
amel slabs were dismounted. Samples rinsed with water
instead of vinegar served as controls. Details of the ex-
perimental design are seen in the flow chart (Fig. 2).

Vital fluorescence microscopy
Enamel slabs covered by 24-h biofilms as well as salivary
samples were processed by BacLight™ viability assay
(LIVE/DEAD® BacLight™ Bacterial Viability Kit, Art. No.
L7012, Invitrogen, Molecular probes, Eugene, Oregon,
USA). The staining solution was prepared by 1 pl of SYTO
9 (green) and 1 pl of propidium iodide (PL, red) in 1 ml of
0.9% saline solution. SYTO 9 stain generally labels all bac-
teria, including those with intact membranes as well as
those with damaged membranes. PI binds to double-
stranded DNA, and can only penetrate the bacteria if the
integrity of the membrane is compromised. PI causes a re-
duction of the SYTO 9 stain fluorescence in damaged bac-
teria, when both dyes are present. Therefore, PI-positive
(red) staining indicates dead bacteria, while SYTO 9-
positive (green) staining indicates live bacteria.

Specimens were stained with 0.1 ml of coloring solution at
room temperature in the dark for 15 min. After removal of

Fig. 1 Splint with mounted specimens
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Fig. 2 Flowchart of the experiments, in situ formation of 3-min pellicle and 24-h biofilms, and subsequent analyses
.

the residual staining solution, the dried samples were posi- Samples were evaluated via a fluorescence microscope
tioned on glass slides covered with mounting oil. The salivary ~ (Leica DMRB, Leica Mikroskopie & SystemeGmbH,
samples were stained by 20 pl of the staining solution at ~ Wetzlar, Germany). Nine images were taken from each
room temperature for 10 min in the dark, and then 1l of sample and quantified via Image ] (Image J-ij133- jdk15,
the mixture was transferred on the slide for analysis. National Institute of Mental Health).
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Fig. 3 SEM micrographs: an overview of 3 min pellicle immediately, 30 min and 120 min after water rinsing or application of vinegar. a, ¢ and e
Control group, globular formation of pellicle is clearly visible; b, d and f Vinegar group, very smooth and clean enamel surface; a and b

immediately after rinsing; ¢ and d 30 min after rinsing; e and f 120 min after rinsing. Original magnification: 10,000-fold
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SEM

The enamel slabs were fixed in 2.5% glutaraldehyde so-
lution at 4°C for 1h and then washed 5 times with
phosphate buffered saline for 10 min each. Subsequently,
the samples were dehydrated in a series of 50—-100%
ethanol solutions. Large particulate matter (e.g. bacteria,
protein) on pellicle samples were analyzed regarding the
gray value by Image J.

TEM

Pellicle/biofilm samples were analyzed by TEM in order
to visualize the influence of vinegar on the ultrastructure
of pellicle and biofilm. After the enamel slabs were re-
moved from the splints, they were fixed in 2.5% glutaral-
dehyde solution at 4 °C for 1 h and then washed 5 times
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in cacodylate buffer. Afterwards, the samples were
placed in 2% osmium tetroxide for 1h and then dehy-
drated in ethanol with a rising gradient concentration.
Specimens were embedded in Araldite CY212 (Agar Sci-
entific, Stansted, United Kingdom). After decalcification
of the enamel in 1 M HCI, specimens were re-embedded
in Araldite. Ultrathin-sections (about 50—-80nm) were
cut in an ultramicrotome (Ultracut E, Reichert, Ben-
sheim, Germany) equipped with a diamond knife
(Microstar 45°, Plano GmbH, Wetzlar, Germany). Ultra-
thin sections were mounted on Pioloform-coated cop-
pers grids and contrasted with uranyl acetate and lead
citrate. The specimens were investigated in a TECNAI
12 Biotwin TEM (FEI, Eindhoven, Netherlands) under
magnifications of 6800 up to 180,000.

-

Fig. 4 TEM micrographs: gallery of representative pellicle layers after water rinsing and rinsing with vinegar. The blue lines indicated the electron
dense layer. “Enamel” indicates the former enamel substrate dissolved during processing of the specimens for TEM analysis. a, ¢ and e Control
group, the outer globular layer increased over time, also, the electron-dense basal layer was observed quite thin; b, d and f Vinegar group, the
granular structured layer was removed and the subsurface was detected with increasing electron density after 120 min; a and b immediately after
rinsing; ¢ and d 30 min after rinsing; e and f 120 min after rinsing. Original magnification: 23,000-fold
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pH value

The salivary samples and vinegar were assessed with pH
test paper (Macherey-Nagel, Carl Roth GmbH +Co,
Karlsruhe, Germany).

Statistics

The data were evaluated by the Mann- Whitney U test
and Kruskal- Wallis test using SPSS 18 software package
(SPSS Inc., Chicago, IL., USA).

Results

3-min pellicle

SEM images presented the top-view of the enamel sur-
face with significant differences between the vinegar
group and the control group. After water rinsing, the
numbers of globular pellicle particles increased over
time indicating the formation of the outer pellicle layer.
In comparison, after vinegar rinsing, there were almost
no globular particles to be found up to 120 min suggest-
ing that pellicle formation was strongly inhibited at least
for 2 hours (Fig. 3).

TEM micrographs provided ultrastructural details on
the internal structures of the 3-min pellicle. The control
pellicle layer manifested itself as an electron-dense basal
pellicle layer and an outer less dense globular layer. After
water rinsing, the thickness of the globular layer was in-
creased over time. In contrast, after vinegar rinsing, this
globular layer was completely removed and a thin discon-
tinuous layer can be seen only after 120 min of oral expos-
ure. More interestingly, after vinegar rinsing, a network-
like subsurface layer was detected (Fig. 4).

The numbers of total globular particles in SEM images
on enamel surface were quantified. After water rinsing,
the number of particles increased after 30 min (p <
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0.001) or 120 min (p < 0.001), whereas after vinegar rins-
ing, particle numbers were very close to zero up to 120
min (Fig. 5).

24-h biofilm

The typical pattern of the 24-h control biofilm covering
the entire enamel surface, with different densities of bac-
terial colonies consisting of coccoids and some rod-
shape bacteria was detected in SEM micrographs. Imme-
diately after vinegar rinsing, the number of bacteria was
reduced, but only mildly. Interestingly, 30 min after vin-
egar rinsing, the biofilm was almost wiped out, even the
biofilm matrix was in part disrupted. It almost remained
like that until 120 min. TEM images provided a cross-
section view of the biofilm ultrastructure. Comparing to
the multi-layer of the control biofilm, bacteria were re-
duced after vinegar rinsing (Fig. 6). Furthermore, bacter-
ial viability was detected by BacLight™ viability assay.
Live bacteria were stained in green and dead in red.
After vinegar rinsing, most of the bacteria were already
dead, although they still attached to the surface (Fig. 7).
The quantification shows that the bacterial viability was
considerably reduced. Impressively, even 120 min after
vinegar rinsing, the proportion of living bacteria stays
low, indicating that the proliferation of bacteria was also
inhibited, and the effect of vinegar is not transient but
long lasting (Fig. 8).

Saliva

Compared with the embedded bacteria in the 24-h bio-
film, vinegar showed stronger lethality to the planktonic
bacteria in saliva, which were nearly completely dead. Live
bacteria were hardly to be observed immediately after
vinegar rinsing and stayed so until 120 min (Fig. 9). The

7)) 180 7 *k ok
S
)
Qo
£
S
c
) 120
2
t |
©
Q bl Water
S * %%
8 60 .
32 . B Vinegar
<)
) T
= - N
g0 |
0 30 120

Time after rinsing (min)

Fig. 5 Total globular particle numbers of the 3-min pellicle detected by SEM were counted. The enamel surface kept quite clean after rinsed with
vinegar within 120 min over time. After rinsing with water, there were significant differences compared to the vinegar group immediately (p <
0.01), in 30 min (p < 0.001) and in 120 min (p < 0.001) after rinsing. ** p < 0.01, **p < 0.001
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Fig. 6 An overview of the 24-h biofilm after application of vinegar. “Enamel”

indicates the former enamel substrate dissolved during processing of the

specimens for TEM analysis. @, ¢, @ and g SEM micrographs. After application of vinegar, the tight connection among bacteria was destroyed and
bacteria shape was broken. Original magnification: 10,000-fold. b, d, f and h TEM micrographs. Original magnification: 23,000-fold. a and b Control
group; ¢ and d immediately after rinsed with vinegar; e and f 30 min after rinsed with vinegar; g and h 120 min after rinsed with vinegar

quantification shows the same effect, with bacterial viabil-
ity decreasing sharply over time (p < 0.001) (Fig. 10).

The pH of the vinegar in this experiment was tested to
be 2.0, and the pH of the mouthwash of the vinegar was
2.3. 30-min after vinegar rinsing, the oral pH was in the
acidic range of 5.5, and after 120 min the pH of the oral
cavity was close to the physiological state (pH =6).

Discussion

The development of biofilms is a dynamic process [2].
Firstly, after contact with saliva and gingival crevicular
fluid, the pellicle is formed on the cleansed tooth sur-
face. The main composition of the pellicle are salivary
glycoproteins, carbohydrates and lipids which have been
examined by analytical techniques [15]. In the 3-min
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magnification: 1000-fold

Fig. 7 BacLight™ viability assay images of the 24-h biofilm (Control @) immediately (b), 30 min (c) and 120 min (d) after rinsing with vinegar. After
rinsed with vinegar, bacteria died from the edge of the colony firstly and the large bacterial colony was separated into small ‘islands’. Original

H 5um

pellicle experiment, the control group presented the nor-
mal process of pellicle formation. The thickness of the
globular layer increased upon the 120-min experimental
trial (p <0.001), which proves former research on pellicle
formation [16, 17]. In comparison, these particles layers
were removed immediately due to vinegar rinsing, and
were sparsely formed during the next 120 min after vin-
egar rinsing, which suggests that the formation of the

pellicle was strongly reduced at least for 120 min. There-
fore, vinegar presents substantial inhibition in the initial
biofilm formation.

There are few investigations dealing with acetic acid
applied on the enamel surface for much longer times
than 5s. These studies revealed dental erosion potential
of acetic acid; many of them are in vitro studies [18—21].
According to the daily diet habits, vinegar will not stay
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Fig. 8 Baclight™ viability assay for determination of bacterial viability of the 24-h biofilm before and after vinegar rinsing at different times. A
significant reduction of bacteria viability as compared to the control was shown after vinegar rinsing for 5s (p < 0.001), after 30 min (p < 0.001)
and after 120 min (p < 0.001). ***p < 0.001
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Fig. 9 Salivary samples after rinsed with vinegar analyzed by BaclLight™ viability assay. The planktonic bacteria in saliva showed significant
sensitivities to vinegar within 120 min over time. a Control group; b immediately after rinsed with vinegar, the salivary bacteria were nearly
completely dead; ¢ 30 min after rinsed with vinegar; d 120 min after rinsed with vinegar. Original magnification: 1000-fold

in the oral cavity for several minutes due to the swallow-
ing. It has been reported that even the 3-min pellicle
could protect the enamel from acid erosion for 60s [13].
Therefore, short-term application of acid proved to be
safe due to the protective effect of the oral biofilm [11].
On the other hand, pure enamel is not exposed

intraorally but always covered by biofilms and soaking in
saliva in the oral cavity. Thus in situ experiments have
advantages in studying erosive processes as compared to
in vitro studies [22, 23]. In the 3-min pellicle in situ
study, the subsurface pellicle layer below the enamel sur-
face appeared immediately after vinegar rinsing for 5s

100

* 80 I

2>

‘S 60

©

>

8

g 20 1
0 N u

-1(C) 0

Time after vinegar rinsing (min)

Fig. 10 Baclight™ viability assay for determination of bacterial viability in saliva before and after vinegar rinsing at different times. Compared to
controls, a significant reduction of bacterial viability was shown after vinegar rinsing for 5's (p < 0.001), after 30 min (p <0.001) and after 120 min

(p < 0.001). ***p < 0001
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with less dense electron appearance as revealed by TEM.
This indicated that vinegar could substantially promote
the formation of the subsurface pellicle layer, which
could prevent further demineralization [11, 15].

After formation of the pellicle, the early bacterial colo-
nizers will adhere to the pellicle surface [2]. In the
present experiments, bacteria can already be observed in
the control group at 30 min and 120 min after initial 3-
min pellicle formation, with many fimbriae firmly fixed
on the pellicle surface. Moreover, the quantity of protein
particles increased further after the formation of the pel-
licle for 30 min (p <0.001) as well as the frequency of
single microorganisms adhering to the surface in the
control group. However, only the enamel surface cov-
ered by a thin pellicle with rarely visible protein particles
or microbial attachment was observed after vinegar rins-
ing. Additionally, the vast majority of microorganism in
saliva was strongly affected by vinegar rinsing (p<
0.001), which results in delay of the early microbial
colonization process, thus hindering the formation of
biofilm. Therefore, vinegar altered the bacteria in both,
initial biofilm and saliva, resulting in the inhibition of
early biofilm growth.

After colonized by early microbes, biofilms gradually ac-
cumulate a wide variety of other species of bacteria, which
promotes growth of the biofilm. It has been reported that
bacteria embedded in mature biofilms present more toler-
ance to antibiotic than planktonic cells as well as antisep-
tics, biocides and other environmental impacts [24,
25]. Therefore, these biofilm are difficult to remove
by antibiotics [26]. In the present study, vinegar pre-
sented a stronger antibacterial effect to planktonic
bacteria in saliva than bacteria embedded in the 24-h
biofilm (p <0.01). Both, TEM as well as SEM images
proved that the mature biofilm could functionally
protect the microbes better than saliva. Moreover, in
the 24-h biofilm experiment, vinegar destroyed the
biofilm structure significantly. Especially, 30 min and
120 min after vinegar rinsing, the biofilm was almost
wiped out, even the matrix was in part disrupted.

In the oral cavity, saliva as well as the biofilm have
buffer capacity for extreme pH values [15, 27, 28]. This
buffer capacity is important to maintain the pH value of
saliva [29]. In the present experiment, the characteristic
of the saliva samples is of great difference immediately
after vinegar rinsing (pH = 2.3) compared with the con-
trol saliva (pH=7.0). The control saliva was a very
mucus-rich secretion, while the vinegar sample was only
a watery fluid essentially devoid of mucus. This sug-
gested that vinegar might change the characteristic of
saliva. However, vinegar causes inhibition of biofilm for-
mation as well as biofilm removal, which means that
there are some more influencing factors beside the pH
value. It has been supposed that salivary flow rate will be
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increased already before the acid rinsing, which im-
proves the buffer capacity resulting in a protective effect
due to the effective dilution of acids [30].

Actually, there are many studies of rinsing solutions
used for oral biofilm management and removal, such as
chlorhexidine, cetylpyridinium chloride and plant solu-
tions [31-34]. Among them, chlorhexidine is recognized
as the gold standard [35]. However, more and more side
effects were reported after wide clinical application of
chlorhexidine rinsing, such as tooth staining, taste dis-
turbance and even serious allergic reactions [36, 37]. In
addition, more recently, concerns have been raised about
an enhanced tolerance or even resistance toward CHX
that might lead to an enrichment of resistant strains
after widespread use of CHX [38-40]. In comparison,
vinegar present better advantages in clinical experience.
Vinegar cannot avoid bacterial resistance in general, but
using formulations containing vinegar instead of antisep-
tics or antibiotics as oral antibacterial agents may be
worthwhile in reducing risk of development of resistance
in oral bacteria. As demonstrated in the present study,
vinegar reveals a significant efficacy to manage and in-
hibit short-term biofilm formation. However, further ex-
periments on mature biofilms are needed. These
experiments should focus on quantification of the prolif-
eration capacity of bacteria after vinegar treatment, using
for example colony-forming unit counts. Furthermore,
the effects of vinegar on oral biofilm formation in com-
parison to gold standard antimicrobials (like CHX)
should also be investigated.

Conclusions

To sum up, this in situ study has demonstrated the po-
tential of the vinegar rinsing approach for inhibition of
biofilm formation in the oral cavity, as well as strong re-
moval effect towards the outer globular particles of the
initial pellicle on the enamel surface. Although the re-
sults of vinegar were significant in this study, the long-
term clinical efficacy required further studies.
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