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Abstract

1 Abstract

1.1 English

Influence of vinegar on biofilm formation in situ

Objectives: Vinegar has been recognized as a significantly effective antimicrobial for
long. The study intended to elucidate the efficacy of commercially available vinegar
(distilled vinegar) on in situ pellicle formation and biofilms. The aim of part one was to
investigate the impact of vinegar on formation of the initial pellicle, and part two was to

explore the influence from vinegar on mature biofilm and saliva.

Materials and Methods: The in situ biofilm formation was performed intraorally over 3
min and 24 h on bovine enamel slabs mounted in individual splints. The enamel slabs
were rinsed with vinegar for 5 s and subsequently with water twice for 30 s. Afterwards,
the enamel slabs were removed from the splints or kept exposed in the oral cavity for
another 30 min or 120 min. Samples with water rinsing instead of vinegar served as
controls. In addition, saliva samples were collected in order to investigate the effect of
vinegar rinsing on the salivary microflora. After oral exposure, all the samples were
analyzed via BacLight™ viability assay (24h biofilm and saliva), SEM (for all biofilm

specimens) and TEM (for all biofilm specimens).

Results: In part one, vinegar caused destruction of the pellicle as detected by SEM and
TEM. Compared to the control group, SEM and TEM analyses showed that vinegar
rinsing reduced the outer globular layer of the pellicle (p<0.001), and resulted in
formation of a network-like subsurface pellicle. In part two, the vinegar group revealed
a significant reduction in bacterial viability and disruption of the mature biofilm as
detected by BacLight™ viability assay, SEM and TEM. Total bacteria amount of saliva
samples decreased remarkably (p <0.001) after vinegar intervention within 30 min.
Reduction of bacterial viability was observed even 120 min after vinegar rinsing in both
biofilm and saliva samples (p <0.001).
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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 reduces the viability of planktonic
microbes in saliva, thereby decreasing biofilm formation. However, the long-term clinical

efficacy of vinegar rinsing requires further investigations.
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1.2 Zusammenfassung

Einfluss von Essig auf die Biofilmbildung in situ

Zielsetzung: Essig ist schon seit langem fir seine starke antimikrobielle Wirkung
bekannt. Ziel dieser Studie war die Wirksamkeit eines handelsiblichen Essigs
(destilliert) auf den oralen Biofilm und die Pellikel zu untersuchen. Dabei wurde im
ersten Teil die Wirkung des Essigs auf die Entstehung der initialen Pellikel und im
zweiten Teil sein Einfluss auf einen reifen mikrobiellen Biofilm und den Speichel

analysiert.

Material und Methoden: FUr die Biofilmbildung wurden bovine Schmelzprifk&rper auf
individuell gefertigte Schienen montiert und fUr 3 min bzw. 24 h intraoral exponiert.
Die Schmelzprifk&per wurden zun&hst mit Essig fir 5 s und danach zwei Mal mit
Wasser fiir 30 s gespUt. Anschlief®nd wurden die Schmelzprtfk&per fir weitere 30
min bzw. 120 min intraoral exponiert. FCr die Kontrolle wurden die Prifk&rper nur mit
Wasser gesput. REM und TEM Analysen wurden bei Biofilmproben mit
Expositionszeiten von 30 und 120 min sowie 24 h durchgefthrt. Dartber hinaus wurde
die Zellviabilita mittels B BacLight™ -Assay bei allen Biofilmproben aber auch beim

Speichel untersucht.

Ergebnisse: Im ersten Teil der Studie zeigten die wiesen REM und TEM Analysen eine
durch Essig zerstGite initiale Pellikel auf. Im Vergleich zu den Kontrollproben
reduzierte die EssigspUung die af&re globul&e Schicht der Pellikel (p<0.001) und
fihrte zu netzwerkartigen Pellikelstrukturen unterhalb der Oberfl&he. Im zweiten Teil
der Studie zeigten REM, TEM und BacLight™ -Assay eine signifikante Reduktion der
bakteriellen Zellviabilit& und eine Zerst&ung des reifen Biofilmes nach der
Behandlung mit Essig. Die Gesamtmenge der Bakterien im Speichel sank erheblich
innerhalb von 30 min nach der Sptung (p<0.001). Sogar 120 min danach konnte eine
Reduktion bakterieller Zellviabilit& im Speichel und im Biofilm beobachtet werden
(p<0.001).
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Schlussfolgerung: Diese in situ Studie weist auf eine Veranderung der Pellikelschicht
und die Bildung von Pellikelstrukturen unterhalb der Oberfl&he nach nur 5 s Splung
mit Essig hin. Auf®rdem zerst&t Essig reifen Biofilm, reduziert signifikant die
Zellviabilit& des maturen (24 h) Biofilms sowie planktonischer Bakterien im Speichel
und vermindert dadurch die Biofilmbildung. Die langfristige klinische Wirksamkeit

muss jedoch weiter untersucht werden.
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2 Introduction

Due to demographic changes, oral diseases rose throughout the world [Kassebaum NJ et
al., 2017]. Oral diseases include mouth and facial pain, oral and throat cancer, oral
infection and sores, periodontal (gum) disease, tooth decay, tooth loss and other disorders
that limit the capacity in biting, chewing, smiling, speaking and psychosocial wellbeing
[Michiko F and Yamashita Y, 2013]. It has been now accepted that the dysbiosis of the
microflora leads to oral diseases due to the increasing proportion of the disease-associated
microbes in the oral biofilm [Marsh PD et al., 2015]. Therefore, the management of

biofilms plays an important role in prevention and treatment of oral conditions.

Biofilm is a thin film which always covers the tooth surface and mucosa in the oral cavity.
Overtime, a large amount of microbes accumulate and adhere to the biofilm, leading to
many oral diseases [Marcotte H et al. 1998]. For example, dental caries is related to the
decrease of the pH in the local biofilm due to several factors, which leads to enamel
demineralization because of the acidic condition [Marsh PD et al., 2015; Theilade E,
1986].

Additionally, the local stimulation of biofilms may cause gingivitis [Meyle J and Chapple
I, 2015]. The interaction between the biofilm and immune response cytokines is the key

point to periodontitis development [Meyle J and Chapple I, 2015].

So far, antimicrobials are still the main treatment method of oral disease. However, they
have side effects as well as poor efficacy for biofilm removal [Hwang G et al., 2017;

Singh R et al., 2014]. Thus, there are more and more natural products to be studied.

Vinegar has used widely used for its antibacterial effect for thousands of years. It is
common to see vinegar in the market and it appears as an indispensable seasoning in the
diet. The diet effects of vinegar have been confirmed, such as significant antibacterial
effect, antiathero-scloresis, anti-oxidation and anti-cancer as well as hypotensive activity
[Budak et al., 2014]. However, the application of vinegar has not been sufficiently studied
in oral field.

In the following, the formation and characteristic of biofilm as well as the efficacy and

mechanism of vinegar will be discussed in detail.
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2.1 Review of literature

2.1.1 Oral biofilm

2111 Introduction of oral disease

Dental caries and periodontitis are among the most prevalent disease throughout the world.
According to the latest study, there are still 3.5 billion people suffering from untreated
caries or periodontal disease [Kassebaum NJ et al., 2017]. The 2015 GBD (Global Burden
of Disease) report showed that oral diseases have been the main reason (ranked in top 10)
of YLDs (Years Lived with Disability) all over the world [GBD 2015 DALY's and HALE
Collaborators 2016].

Oral diseases have many clinical manifestations, such as bad breath, bleeding gums,
toothache, gomphiasis and loss of tooth. Moreover, plenty of studies prove that oral
disease may lead to disease of other sites. Periodontal problems may cause cardiovascular
disease [Shaneen J et al., 2010; Ahmed U et al., 2015]. Dysbiosis of the oral microflora
maybe an important reason of type-2 diabetes [Shillitoe E et al., 2012]. Therefore, the
prevention and further research of biofilm related oral diseases are of
considerable significance.

So far, the main reason of most oral diseases is the dental biofilm, which is a complex

structure formed by a variety of bacterial interactions.
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2.1.1.2 Formation of biofilm

Bacteria enter into the oral cavity from the external environment and rapidly colonize the
surfaces, followed by incubation and proliferation in the oral cavity. It has been shown
that there are more than 700 bacterial species on the surfaces of teeth and mucosa
[Costerton et al., 1995; Kroes et al., 1999].

The formation of biofilms is a dynamic process. Firstly, the enamel surface will acquire
a thin pellicle layer after soaking in saliva and gingival crevicular fluid (GCF) for few
minutes. The main component of this initial pellicle are salivary proteins, which are
particularly enzymes and immune response proteins [Delius et al., 2017]. These salivary
proteins undergo conformational changes and cover the enamel surface, which provides
a good habitat for the colonization of oral microorganisms. Due to the flow of saliva and
mucosal movement, the ambient microorganisms are passively transported to the tooth
surface and adhere to the surface of the initial pellicle. In the process of initial contact,
the microorganisms are reversibly attached to pellicle by weak physical forces, which are
not stable. Afterwards, bacterial adhesins begin to interact with the receptors of the
pellicle at specific sites to form a strong adhesion. Early colonization of microbes is
affected by a variety of factors, such as breastfeeding [Rautava, 2016; Latuga et al., 2014].
These early colonizers determine the abundance of biofilms in the following formation
of biofilm. With the addition of microorganisms accumulating through co-agglutination
/ co-adhesion, the biofilm becomes more diversified. Over time, due to the metabolism
of microorganisms, the internal environment of the biofilm is continuously and
dynamically changed, which provides a suitable habitat for other species of
microorganisms. Simultaneously, the metabolism level of bacteria in the biofilm changes
during the process of microbial succession. More specifically, some of the bacteria enter
a dormant state to reduce the nutrient consumption of the metabolic process. The biofilm

formed at this stage gets gradually mature [Arciola et al., 2012; Chen et al., 2013].
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2.1.1.3 Saliva

Throughout the formation of biofilm, saliva plays an important role as a provider, buffer

and transporter.

Provider

Salivary proteins are the most important component of the initial pellicle. It has been
reported that, there are 72 major salivary proteins identified in the 3-min pellicle [Delius
etal., 2017]. The salivary proteins have significant effects on the mineralization of enamel,
which can largely determine the structure of the enamel mineralized layers [Dowd, 1999].
The most abundant proteins in saliva are proline-rich peptides, amylase, mucin, secretory
IgA, etc. [Marsh et al., 2000].

Buffer

Saliva secreted by salivary glands, keeps the mouth wet and lubricated. Many studies
have shown that saliva provides a lubricating effect between the hard tissue (tooth) of the
mouth and the contact surface of the soft tissue (mucous membrane) [Nordbo et al., 1984;
Ranc et al., 2006a; Ranc et al., 2006b; Prinz et al., 2007]. Additionally, as a buffer, saliva
can relieve extreme temperature or acidic foods and beverages to reduce the irritation
towards the teeth. Salivary proteins protect the enamel from demineralization due to the
low pH [Martins et al., 2013]. In the early stage of enamel demineralization, calcium and
phosphorus in the saturated concentration will promote the enamel to get mineral
supplements, while fluoride in saliva can enhance enamel remineralization and can form
fluorapatite, which is resistant to demineralization than hydroxyapatite in enamel [Ten
Cate and Arends, 1980]. It has been shown that saliva can remineralize enamel

demineralization in the early stage [Amaechi and Higham, 2001; Wetton et al., 2007].

Transporter

In the oral micro ecosystem, saliva act as the primary line of defense to prevent the
invasion of harmful substances [Woof and Mestecky, 2005]. With the swallowing
function, saliva can transport and remove bacteria, shedding cells or food residues to keep

the oral homeostasis. Saliva sIgA constitutes a major mucosal immune effector and

- 8-
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provides an important first line of defense for pathogens such as Streptococcus mutans
and Porphyromonas gingivalis [Woof and Kerr, 2006]. Additionally, amylase in saliva
can digest starch in food, while lysozyme and thiocyanate ions have antimicrobial
function. Meanwhile, salivary epidermal growth factor (EGF) can promote the
proliferation of mucosal cells. Urea in saliva can be decomposed into ammonia and
carbon dioxide by the microbial organismase, which can increase the pH in the biofilm.
Inflammatory proteins such as interleukin-1p (IL-1p) and IL-6 in saliva have been shown
to be associated with periodontal disease [Kinney et al., 2011; Ebersole et al., 2013;
Rathnayake et al., 2013].
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2114 Character of oral biofilm

There is a variety of biofilms in nature, as well as in the human body. According to the
location, these biofilms have their own characteristics. Similarly, the oral biofilms have

some special features.

Pellicle

Typical ultrastructure of the pellicle is chariacterized by three layers as revealed by
transmission electron microscopy (TEM) (Fig. 1). The outer layer with a globular
structure can be colonised by microbes. The basal layer is a thin electron-dense structure.

The subsurface layer is hardly seen under normal conditions, however it will appear quite

clear after enamel demineralization.

Globular layer
el

Basal layer

Enamel

200 nm

Fig. 2 TEM micrograph, 3-min pellicle

- 10-
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Mature biofilm

The structure of the mature biofilms is much more complicated. The typical spatial
structure of the mature biofilm is composed of microbial cells and the extracellular
polymeric substances (EPS). In order to maintain the homeostasis of the biofilm, there
are some bacterial cells programmed to die while some others are staying in the starving
dormant state. At the same time, active nonpathogenic bacteria can produce enzymes that
degrade antibiotics, which induce other pathogens in the biofilm to produce antibodies.
Compared to planktonic bacteria, the ones in biofilms exhibit greater tolerance to
antibiotics [Adil et al., 2014; Zhao et al., 2015]. It has been reported that microbes in
biofilms showed greater adhesion to the biofilm [Lagerld and Oliveby, 1994], grew more
slowly, reduce metabolism, and diminish sensitivity [Wirthlin et al., 2005] compared to
planktonic bacteria. EPS is derived from cellular and oral environments and plays an
important role in biofilms. The extracellular enzymes in EPS, interacting with
extracellular polysaccharides [Wingender et al., 1987], are retained near the cell and
activate the matrix enzymatically [Wingender et al., 2002]. Extracellular enzymes are
able to digest solid particles in the external environment and provide nutrients to cells
[Dohar, 2003; Bjornsdottir et al., 2006], and they degrade apoptotic cells, which are
important for self-cleaning and maintaining the balance of biofilm environments.
Meanwhile, EPS contains a large proportion of extracellular DNA (eDNA) [Allesen-
Holm et al., 2006], and water to prevent the matrix from collapsing [Conner and Kotrola,
1995]. It is worth mentioning that there is a nanoscale microlayer accumulated by the
hydrophobic EPS substance at the air-water interface of the biofilm [Gradisar et al., 2007].
This microlayer is a place where large amounts of nutrients accumulate, and also where
biofilm conducts gas exchange. External stimuli, such as temperature or pH, have a strong

effect on the microlayer.

-11-
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2.1.2 Vinegar

2.1.2.1 Introduction of vinegar

From a medical point of view, natural sources of food or food additives have the
characteristics of low cost and minimal side effects in the prevention or treatment of
diseases [Rutala et al., 2000]. As an important seasoning in daily life, vinegar in the
medical field can be traced back to 300 years BC. In ancient China, vinegar was used to
treat burns, cellulitis and other diseases. In BC 460, the ancient Greek Hippocrates used
vinegar to treat ulcers, coughs and infectious diseases [Johnston et al., 2006]. In recent
years, vinegar has been increasingly widely used in the medical field, especially in the
field of anti-infective, antioxidant, lipid metabolism and blood glucose control, vinegar
plays a unique and significant effect [Budak et al., 2014; Nishidai et al., 2000; Ogawa et
al., 2000].

2.1.2.2 Antibacterial effect

The most widely used effect of vinegar is its bactericidal property [Hindi, 2013]. In daily
life, vinegar is often used as a natural preservative [Brul and Coote, 1999]. Different
studies have reported that vinegar can inhibit or remove foodborne pathogens in fruits
and vegetables [Sengun and Karapinar, 2004; Chang and Fang, 2007]. By soaking in
vinegar for a short time, pathogens such as Salmonella typhimurium are completely
removed from vegetables [Sengun et al., 2004]. The bactericidal effect of rice vinegar on
E. coli O157: H7 is obvious, which may be related to the possibility that vinegar can enter
the microbial cell membrane leading to cell death [Entani et al., 1998; Chang and Fang,
2007; Shen et al., 2016]. Anti-infective studies have shown that vinegar diluted for ear
lavage, can be effective in the treatment of ear infections, such as chronic suppurative
otitis media [Aminifarshidmehr, 1996], granular myringitis [Jung et al., 2002] and otitis
externa [Dohar, 2003]. This may be related to reduction of the pH in the ear canal to
inhibit bacterial growth [Dohar, 2003]. Additionally, the undiluted vinegar can effectively
remove the bacteria from dentures, and the vinegar remaining on the denture does not

cause oral mucosal damage [Shay, 2000; Pires, 2017].

-12-
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2.1.2.3 Mechanism

Although the antibacterial effect of vinegar is widely used, the specific mechanism is still
to be further studied. The antibacterial mechanism of organic acids has three stages. In
the first stage, the organic acids interfere with the cell membrane of the bacteria [Freese
et al., 1973; Stratford et al., 1998]. Organic acids are fat-soluble and pass through the cell
membrane through undissociated forms, resulting in decreased intracellular pH [Ray et
al., 1992]. The dissociation of extensive protons may lead to the protonation of the
lipopolysaccharide on the cell membrane, resulting in the breakage of transmembrane
proton motive force [Brul and Coote, 1999; Brul and Croote, 1999; Bjornsdottir et al.,
2006], while dissociation of anions may lead to increased intracellular osmotic pressure

in cytoplasmic aggregates, resulting in cell membrane rupture [Alakomi et al., 2000].

2.1.3 Application in the oral field

Although vinegar has a dramatical antibacterial effect, there is few research of vinegar
applied in the oral field. It has been reported that, the enamel surface would get eroded
after incubated in vinegar for four or eight hours under in vitro conditions [Willershausen
et al., 2014]. However, vinegar commonly stay in oral cavity for only several seconds
during the daily feeding process rather than several hours. Also, the ionic composition of
saliva could protect the enamel from demineralization [Martins et al., 2013]. Similarly,
the oral biofilms could present a short-term stability in low pH value to protect the enamel
from erosion effects of acid [Wiegand, 2008]. Moreover, the calcium and phosphate ions
in saliva have the efficacy to reduce demineralization of the enamel [Hannig, 2006].
Compared to the other kinds of fatty acids, acetic acid featured the weakest erosive effect
at pH2.0 [Hannig et al., 2005]. Therefore, according to the feeding process, short- term

rinsing with vinegar would be physiological acceptable.

- 13-
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2.2 Aim of this study

The research of vinegar applied in the oral cavity requires to be focused on, especially
considering its potential efficacy on oral biofilms which might lead to oral disease. During
the process of biofilm development, not only the effect of vinegar on the initial formation
of the pellicle should be studied, which is a prerequisite for biofilm growth, but also the
effect of vinegar on the mature biofilm, which may be pathogenic. Additionally, the effect
of vinegar on saliva should be determined as well. Because of the essential function of
saliva in the formation of biofilm, saliva can provide salivary proteins to form the pellicle,
but also transport microbes for the development of biofilms to promote biofilm growth
and maturation. Therefore, an in situ study was performed to investigate the efficacy of

vinegar on oral biofilm formation

in three aspects:

1. Effect of 5-s vinegar rinsing on in situ fomation of salivary pellicle,

2. Destruction of mature (24-h)biofilms formed in situ by 5-s vinegar rinsing

3. Effect of 5-s vinegar rinsing on salivary bacteria

- 14-
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3 Materials and Methods

3.1 Subjects

Four healthy volunteers, aged between 25 and 35 years, who are staffs from several
departments of Saarland University, participated in this study. One experienced dentist
performed oral clinical examinations, excluding active dental caries, active periodontal
disease, oral mucosal disease, or signs of saliva dysfunction. This check ensured that
the participants had good oral conditions, such as physiological saliva flow, healthy
teeth or good fillings, no bleeding and periodontal pocket depth of less than 3mm. All
participants were instructed to regular diet, no smoking or drinking, and no antibiotics
usage within last six months. Before the experiment was carried out, it was made sure
that each participant obtained the informed consent of this experiment and signed it.
The study protocol had been examined and approved by the Medical Ethics Committee
of the Medical Association of Saarland, Germany (# 238/03, 2016).

-15-



Materials and Methods

3.2 Production of splints

Individual upper retainers (made of acrylic acid) for holding enamel samples were
manufactured for the first and second quadrants of the oral maxilla for all subjects.
Firstly, occlusal surfaces were blown off before taking the impression to ensure that
there were no impurities which would affect the impression such as food residue.
Afterwards, the teeth are ready for the impression. Secondly, a suitable tray, slightly
larger than arch, was selected according to the participants. The impression was
performed with alginate impression material (Blueprint, Dentsply DeTrey GmbH,
Konstanz, Germany). Thirdly, after pouring with vacuum-mixed stone model material,
minisplints were made of Duran® (Scheu-dental GmbH, Iserlohn, Germany), covering
the maxillary molars and premolars of both sides. For better retention of the mounted

specimens, the minisplints were perforated (Fig. 2).

Fig. 2 splint with mounted specimens. (A) perforation of the splint; (B) fixation of enamel
specimens with polyvinyl-siloxane impression material; (C) buccal extension of the splint;

(D) final splint before exposing to the oral cavity

- 16-
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3.3 Preparation of enamel specimens

3.3.1 Extraction and preparation of bovine teeth

Bovine permanent incisors were extracted and selected for this study to be without
enamel hypoplasia, defects or cracks [Hannig et al., 2004; Hannig et al., 2005a; Hannig
etal., 2008]. The roots were removed from the teeth after extraction by diamond cutting
discs (Schott Diamantwerkzeuge GmbH, Stadtoldendorf, Germany) at the boundaries
of the crown, while enamel samples were separated under water cooling by a saw
(Conrad  Apparatebau  Clausthal GmbH, Clausthal-Zellerfeld, Germany).
Specifications of the enamel specimens had been settled for 4 mm x 4 mm square shape
which was used for BacLight™ viability determination and SEM, and 2mm x 2mm
square shape which was used for TEM, respectively. The prepared enamel samples
were stored in 0.1% thymol solution (pharmacy of the Saarland University Hospital,

Homburg, Germany) at 4 <C.

3.3.2 Polishing and pretreatment of enamel specimens

In order to standardize the surface of the enamel specimens, polishing was carried out
with silicon carbide grinding papers (P600 to P2.500, FEPA-P, waterproof silicon
carbide paper, Buehler, Disseldorf, Germany) by means of a polishing machine
(Buehler, Disseldorf, Germany) under water-cooled conditions. The surface of the
enamel specimens was ground by abrasive paper down to P-grit size of '4, 000’
(according to Federation of European Producers of Abrasives (FEPA) standard, mean
grain size is 5 um). During polishing procedure, most of the dentin was removed from
the specimens to preserve sufficient enamel so that the final thickness of the samples
was 1 mm. The surface of each enamel sample was examined by an optical microscope
(Motic Deutschland GmbH, Wetzlar, Germany), excluding any samples with

discoloration or demineralization at 10-fold magnification.
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The principles of the surface treatment of the samples were based on Hannig et al.
[Hannig et al., 2005]. Firstly, well-polished enamel specimens were immersed with 3%
NaOCI solution (Hedinger, Stuttgart, Germany) for 3 min to remove any residues of
the polishing process. Afterwards, slabs were rinsed by distilled water (Ecotainer; B.
Braun Melsungen AG, Melsungen, Germany) for 5 times to remove NaOCI solution,
and then permeated by 5 min ultrasonication at 4 <C. Subsequently, the enamel slabs
were treated by disinfection in 70% of propanol (Hedinger, Stuttgart, Germany) for 15
min, with the enamel surface up. After rinsed with distilled water twice, the enamel
specimens were stored in distilled water at 4 <C for 24 hours for rehydration until
exposed to the oral cavity [Deimling et al., 2007; Hannig et al., 2008].

3.3.3 Mounting of enamel specimens

Well prepared acrylic splints were also disinfected in 70% propanol solution for 3 min
followed by rinsing 5 times with distilled water. Then, enamel slabs were mounted to the
defined positions on the splints by polyvinyl-siloxane impression material (President
light-body, Coltene, Altst&ten, Switzerland). The specimens were fixed to the maxillary,
which were confirmed to avoid direct contact with the papilla of the parotid duct. The
enamel slabs, with margins concealed by a thin layer of impression material, were

exposed to the oral cavity (Fig. 3).

3.4 Pellicle / Biofilm formation

The study required the formation of two types of biofilms on the enamel slabs. Subjects
carried the minisplints for 3 min to obtain the initial pellicle in the first experimental part
and for 24 hours to obtain the mature biofilm in the second part of experiments. The
uniform time to insert splints into the oral cavity was 9 a.m., and subsequently, splints

exposed intraorally for 3 min or 24 h, respectively.
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The experiment took place at 9 a.m. All the participants were informed to brush their teeth
without toothpaste 24 h beforehand as well as during the whole 24-h experimental period.
After the specimens were exposed to the oral cavity for 3 min or 24 h, the volunteers
rinsed with 10 ml vinegar (Distilled vinegar, Heuschen & Schrouff OFT B.V. Thailand)
for 5 s and then rinsed twice with 10 ml water for 30 s. Immediately, three enamel slabs
were dismounted from the splints and analyzed via FM, SEM and TEM. In the following,
the remaining enamel specimens were exposed to the oral cavity for another 30 min or
120 min.

3.5 Invivo rinsing with vinegar

For the in vivo rinsing experiments, vinegar (Distilled vinegar, Heuschen & Schrouff OFT

B.V. Thailand) was chosen randomly in the market.

3.5.1 Part one, 3-min pellicle formation in situ

Splints, with 6 enamel slabs fixed on each left and right buccal and palatal sites of the
splints, were placed intraorally for 3 min. After rinsing with 10ml of vinegar for 5 s and
then twice rinsing with 10ml of distilled water for 30 s each, two slabs were removed
from each subject as well as the salivary expectorate was collected. After further exposure
in the oral cavity for 30 min or 120 min respectively, another two slabs were removed,
meanwhile, salivary samples were collected. The two enamel samples removed from
splints at each time were analyzed by SEM and TEM, and the saliva samples were
investigated by BacLight™ viability assay. Samples rinsed with water instead of vinegar
served as controls. Details of the experimental design are depicted in the flow chart (Fig.
3).
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3-min pellicle formation in situ (n=96 enamel slabs, 4 subjecs)

Samples rinsed with water

instead of vinegar served

as controls.

Rinsing with vinegar for 5 s and then twice with water for 30 s each.

vV @

Immediately analyzed Biofilm formation in Biofilm formation in
with SEM and TEM situ up to 30 min situ up to 120 min
(n=24 slabs)
SEM and TEM SEM and TEM
analysis (n=24 slabs) analysis (n=24 slabs)

Fig. 3 Flowchart of part one, formation of 3-min pellicle in situ, vinegar or water rinsing,

and subsequent analyses
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3.5.2 Part two, 24-h biofilm formation in situ

During the experimental time, all the volunteers were informed to brush their teeth
without toothpaste. Twelve enamel specimens were fixed on the splints and then exposed
to the oral cavity for 24 hours. Afterwards, three enamel slabs from each side of left and
right were removed as control group immediately and analyzed by BacLight™, SEM and
TEM. After rinsing with 10ml of vinegar for 5 s and 10ml distilled water twice for 30 s
each, three enamel slabs as a group were removed from each side of left and right.
Subsequently, the last two groups were removed after exposure time of 30 min or 120
min, respectively. Each group of three slabs were analyzed via BacLight™, SEM and

TEM. Details of the experiments were shown in the flow chart (Fig. 4).
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24-h biofilm formation in situ (n=96 enamel slabs, 12 slabs each left and

right buccal side)

!

Controls, Rinsed with 10ml vinegar for 5s and then 10ml distill water
salivary twice for 30s each. Salivary expectorate was collected for FM
expectorate
for FM
Eanmel slabs @ 30-min 120-min
for FM, SEM biofilm biofilm
and TEM Salivary formation formation
(n=24 expectorate in situ in situ
for FM
samples, 3
slabs per side Eanmel slabs
of subject) for FM, SEM
and TEM
(n=24 Salivary Salivary
samples, 3 expectorate for expectorate for
slabs per side FM FM
of subject) Eanmel slabs Eanmel slabs
for FM, SEM for FM, SEM
and TEM and TEM
(n=24 (n=24
samples, 3 samples, 3

slabs per side

of subject)

slabs per side

of subject)

Fig. 4 Flowchart of part two, formation of 24-h biofilm in situ, vinegar rinsing and

subsequent analyses.
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3.6 Collection and preparation of saliva samples

3.6.1 Collection and pH test of saliva/expectorate

Saliva samples were obtained in both parts of the experiments. Two milliliters of saliva
were collected in a special tube with the technique described by Scully [Scully, 1980].
All of the saliva/expectorate samples were collected between 9 and 12 am with each
procedure performed within 5 minutes. The collected saliva samples were diluted to 10
ml with water at room temperature. Following this, the pH of each diluted sample as well
as expectorate sample was measured by means of pH test strips (Macherey-Nagel, Carl
Roth GmbH +Co, Karlsruhe, Germany).

3.6.2 Centrifugation

Expectorates together with diluted saliva samples were placed in the centrifuge (Biofuge
primo, Thermo Electron Corporation, Germany). Epithelium cells and other foreign
substances were removed by centrifugation 1000 x g for 10 min, the remaining
supernatant was placed in new tubes. Subsequently, the supernatant was centrifuged with
10000 xg for 10 min to collect the bacteria which were pressed against the bottom of the
tube.
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3.7 BacLight™ viability assay

3.7.1 Mechanism of BacLight™ viability assay

LIVE/DEAD® BacLight™ Bacterial Viability Kit (Art. No. L7012, Invitrogen,
Molecular probes, Eugene, Oregon, USA) utilizes mixtures of SYTO® 9 green-
fluorescent nucleic acid stain and propidium iodide red-fluorescent nucleic acid stain to
distinguish live and dead bacteria within bacterial populations, based on the intactness of
bacterial cell membranes. These two dyes are different in spectral properties, as well as
regarding the ability to penetrate healthy bacterial cells. SYTO 9 staining is characterized
by labeling all bacteria, including bacteria with intact membranes and incomplete
membranes; while propidium iodide can only penetrate bacteria with damaged
membranes. When the two are mixed, the SYTO 9 staining fluorescence is reduced by PI,
so that the bacteria with the intact membrane are stained with fluorescent green and the
bacteria with the damaged membrane are stained with fluorescent red, which can be
evaluated before and after the experiment in order to characterize the overall situation and
mortality of bacteria [Boulos et al., 1999].

3.7.2 Preparation of staining solution

The staining solution was made by 1 pl of SYTO 9, 1 ul of PI, and 1 ml of 0.9% saline
solution (B. Braun Melsungen AG, Melsungen, Germany) and then placed in a shading

tube. The mixing time was thoroughly for 15 min.
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3.7.3 Staining of samples

Enamel specimens

After exposed in the oral cavity, the enamel slabs were carefully removed from the splints
and rinsed with distilled water to remove the saliva on the enamel surface. After washing
with physiological saline gently for 5 s, the specimens were stained with 0.1 ml of staining
solution for 15 min at room temperature in the dark. The samples were then rinsed in
physiological saline to remove the residual staining solution. The dried slabs were fixed
on glass slides with double-sided tapes (Leit-Tabs, Art. Nr. G3347, Plano, Wetzlar,
Germany), then followed by a drop of BacLight™ oil on the surface.

Salivary samples

The bacteria were removed and collected from the salivary samples by centrifugation (see
3.6) and stained by 20 ul of the staining solution for 10 min in the dark. After sufficiently
stained, 1 pl of the stained bacteria was transferred on the glass slide.

3.7.4 Fluorescence microscopic examination and semi-quantification

of BacLight™ viability assay

The samples were observed with a fluorescence microscope (Leica DMRB, Leica
Mikroskopie & SystemeGmbH, Wetzlar, Germany) and magnified to 1000-fold. Nine
microscopic ocular grid fields were selected in each sample according to a defined
patterns. Subsequently, nine images were taken from each sample and quantified via
Image J (Image J-ij133- jdk15, National Institute of Mental Health). According to the
gray value, the fluorescence intensity of bacteria was semi-quantitatively analyzed.
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3.8 Scanning electron microscopy (SEM)

3.8.1 Preparation of enamel samples for SEM analysis

After exposure in the oral cavity, the enamel samples were gently rinsed with sterile
distilled water for 5 s and then fixed in 2.5% glutaraldehyde solution at 4 <C for 1 hour,
followed by washing 5 times with phosphate buffered saline for 10 minutes. Subsequently,
the enamel specimens were gradually dehydrated in a series of 50% -100% ethanol
solution in an ascending gradient of concentration. Before observed by SEM, the
samples were coated by gold-palladium (SC 7640 High Resolution Sputter Coater,

Quorum Technologies Ltd., U.K.) in a vacuum state.

3.8.2 SEM analysis

Samples were analyzed in a scanning electron microscope XL 30 ESEM FEG (FEl,
Eindhoven, Netherlands) at BEAM at 10KV. The settings of the scanning electron
microscope were consistent for all the samples. At 30-fold magnification, the samples
were divided into nine regions, in which representative pictures were taken at 500 to

20,000 folds magnification.

3.8.3 Semi-quantification of SEM results

In each sample, nine photomicrographs of 1000-fold magnification were taken to quantify
the grade of the bacterial adherence. In the experimental part one (3-min, 30-min and 2-
h pellicle formation), the particulate matter (e.g. bacteria and protein aggregates) on
enamel specimens was analyzed via the gray value by Image J. For the samples of 24-h
biofilm (experimental part two), the complex coverage state of the enamel surface was

described and used as supporting evidence for the BacLight™ viability assay.
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3.9 Transmission electron microscopy (TEM)

3.9.1 Post fixation and dehydration

After the enamel slabs covered with biofilms were removed from the splints, they were
washed with distilled water to remove the saliva film, followed by fixing in 2.5%
glutaraldehyde solution fixative at 4 <C for 1 hour immediately. Afterwards, the samples
were washed 5 times in cacodylate buffer for 10 minutes each and stored in the final
buffer solution at 4 <C. Before dehydration, the samples were placed in 2% osmium
tetroxide (O2S04) for 1h. After incubation with the osmium acid solution, the samples
were washed 5 times in phosphate buffer and then dehydrated in ethanol with a rising

gradient concentration [Hannig and Balz, 1999].

3.9.2 Embedding

Specimens were embedded in Araldite CY212 (Agar Scientific, Stansted, United
Kingdom) and propylenoxide (1:1) overnight. Hereafter, they were placed to new
Araldite CY212 overnight. And then all the specimens were transferred into the silicone
form to be polymerized for 48 h at 65<C. After decalcification of the enamel in 1M HClI,
specimens were re-embedded in Araldite Cy212.

3.9.3 Production of ultrathin-sections

Ultrathin-sections (about 50-80 nm) were cut in an ultramicrotome (Ultracut E, Reichert,
Bensheim, Germany) equipped with a diamond knife (Microstar 45< Plano GmbH,
Wetzlar, Germany). Subsequently, ultrathin sections were mounted on Pioloform-coated
coppers grids (Plano GmbH, Wetzlar, Germany) and contrasted with uranyl acetate and

lead citrate.
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3.9.4 TEM analysis

The ultrathin sections were investigated by TEM TECNAI 12 Biotwin (FEI, Eindhoven,
Netherlands) under the magnification from 6,800 to 180,000. Representative micrographs
were taken at magnifications of 23,000 fold and xy,000 fold.

3.10 Statistics

Kruskal-Wallis test and Mann-Whitney U test were used to evaluate the biofilm data
originated from SEM. The Kruskal-Wallis test was to check effects of vinegar on 3-min
or 24-h biofilms, while the Mann-Whitney U test was utilized for pairwise comparison
with calibration by Bonferroni correction. Additionally, the Wilcoxon test was adopted
to assess if any disparity occurred in the respective biofilm data derived from live / dead
microbe. The standard of statistical significance was p<0.5 in Kruskal-Wallis test and
Wilcoxon test, while p<0.01 was used in Mann-Whitney U test after Bonferroni
correction. All the data were analyzed by the SPSS 18 software package (SPSS Inc.,
Chicago, IL., USA)
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4 Results

All subjects completed the study without any side effects. After rinsing with vinegar for
5 s, the mortality of biofilm was investigated by BacLight™ viability assay. Moreover,

the ultrastructure of biofilm formation was observed by SEM and TEM.

4.1 Part one, 3-min pellicle

4.1.1 Morphological appearance of the in situ pellicle

SEM

After exposure in the oral cavity for 3 min, samples rinsed with vinegar showed d istinct
morphological difference compared to the control group. Due to vinegar rinsing, the
pellicle was removed immediately from the enamel surfaces. While the control samples,
comparably, were covered with a thicker globular pellicle over time (Fig. 5). After rinsed
with vinegar for 5 s, enamel surface was extremely rarely coverd with large particles, viz.,
protein aggregates and bacteria (Fig. 6). However, in the control group, a mottled sludge-
like pellicle coverage was detected on the enamel surface (Fig. 7), which was unevenly
distributed and occasionally appeared with single cocci adhering to the pellicle via
fimbriae (Fig. 8).
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\Acc.V SpotMagn Det WD Exp b—— 2um " Acc.V SpotMagn Det WD Exp pb—— 2um
5.00kv 3.0 10000x SE 10.4 752 3min PELl water 5s 5.00kV 3.0 10000x SE 104 789 3min PELIVinegar5s

AccV SpotMagn Det WD Exp ———— 2um ; AccV SpotMagn Det WD Exp ——f 2um
500kV 30 10000x SE 103 504 3min PELIWATER then 30min 500KV 30 10000x SE 103 790 3min PELI Vinegar then 30min

»
AccV SpotMagn Det WD Exp ———of ’ SpotMagn Det WD Exp f—————o 2pum
500 kv 3.0 10000x SE 9.8 508 3min PELIWATER then 120min 3.0 10000x SE 10.1 773 3min PELI Vinigar then 120min

Fig. 5 SEM micrographs: an overview of 3-min pellicles immediately, 30 min and 120
min after 5-s rinsing with vinegar (B, D and F) or 5-s rinsing with water (A, C and E;
control group). In the control group, formation of a globular pellicle layer masking the
enamel surface is clearly visible. In the vinegar rinsing group, micro-morphological
details (crystallites) of the smooth and clean enamel surface are clearly visible, even 30
and 120 min after rinsing with vinegar. (A and B) immediately after vinegar rinsing; (C
and D) 30min after vinegar rinsing; (E and F) 120min after vinegar rinsing. Original
magnification: 10,000-fold.
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Fig. 6 Vinegar group SEM micrographs: an overview of 3-min pellicle immediately after
rinsed with vinegar for 5 s and then rinsed with water twice for 30s each at different
magnification.(A) 30-fold; (B) 500-fold; (C) 1,000-fold; (D) 5,000-fold (E) 10,000-fold;
(F) 20000-fold.
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Fig. 7 Control group SEM micrographs: an overview of 3 min pellicle immediately after
rinsing with water for 5 s and then water rinsing twice for 30s each at different
magnification.(A) 30-fold; (B) 500-fold; (C) 1,000-fold; (D) 5,000-fold (E) 10,000-fold;
(F) 20,000-fold.
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AccV SpotMagn Det WD Exp ——-— 1um
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Fig. 8 Control group SEM micrographs: 3-min pellicle immediately after water rinsing
for 5 s and then water rinsing twice for 30s each. Enamel surface was covered by a mottled
sludge-like coverage (A); single cocci adherent to the pellicle layer (B); protein aggregate
(C); mottled sludge-like coverage on the enamel surface as well as bacteria. Original

magnification: (A) 5,000-fold; (B) 10,000-fold; (C> 20,000-fold; (D) 20,000-fold.
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At 30 min after rinsing with vinegar for 5 s and subsequent water rinsing twice for 30 s
each, nearly no globular pellicle layer was detectable on the enamel surface. Compared
with 30 min before (Fig. 6), there was basically a slight difference in the surface
morphology (Fig. 9). In contrast, the enamel surfaces of the control group were covered
by thicker pellicles with bacteria as well as protein agglomerates attached (Fig. 10).
Simultaneously, the diversity of adherent bacteria microbes increased, since not only

coccoid but also rod-shaped bacteria could be detected (Fig. 11).

Then, 120 min after rinsing with vinegar, the enamel surface were still clean with slight
pellicle coverage, and little difference compared to the previous time points (Fig.12).
Nevertheless, enamel specimens of the control group revealed a clearly detectable

globularly shaped pellicle layer, which were interleaved into complex meshes (Fig. 13).
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Fig. 9 Vinegar group SEM micrographs: an overview of 3-min pellicle 30 min after
application of vinegar at different magnifications. (A) 25-fold; (B) 500-fold; (C) 1,000-
fold; (D) 5,000-fold; (E) 10,000-fold; (F) 20,000-fold.
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Fig. 10 Control group SEM micrographs: an overview of 3-min pellicle 30 min after
application of water, at different magnifications. (A) 25-fold; (B) 500-fold; (C) 1,000-
fold; (D) 5,000-fold; (E) 10,000-fold; (F) 20,000-fold.
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Fig. 11 Control group SEM micrographs: 3-min pellicle 30 min after rinsing with water.

Different species of bacteria were observed. Original magnification: 10,000-fold.
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Fig. 12 Vinegar group SEM micrographs: an overview of 3-min pellicle 120 min after 5-
s rinsing with vinegar, at different magnifications. (A) 30-fold; (B) 500-fold; (C) 1,000-
fold; (D) 5,000-fold; (E) 10,000-fold; (F) 20,000-fold.
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Fig. 13 Control group SEM micrographs: an overview of 3-min pellicle 120 min after
rinsing with water, at different magnifications. (A) 30-fold; (B) 500-fold; (C) 1,000-fold;
(D) 5,000-fold; (E) 10,000-fold; (F) 20,000-fold.
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According to the chronological comparison of the control groups, the pellicle developed
from 3 min as a fine granular layer to 30 min as granular layers with globularly shaped
protein clusters, then to 120 min as network globular structure. With increasing formation
time, the structure of the pellicle got more complex (Fig. 14). On the other hand, the
adherence of bacteria has also changed. At 3 min, single bacteria attached to the pellicle
were occasionally observed, and then after 30 min, some bacteria gathering together as
small groups could be detected. Finally, at 120 min, SEM analysis of the enamel surfaces
revealed aggregation of bacteria assembled in orderly matrix and exhibited strong
proliferative activities (Fig. 14). Simultaneously, the quantity and diversity of bacterial
species also increased rapidly (Fig. 15). In contrast, the vinegar rinsed samples showed a
distinctly smooth surface with a very thin pellicle that did not mask the enamel surface

micromorphology, and it was difficult to find any attached particles or bacteria (Fig. 16).
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Fig. 14 Control group SEM micrographs: biofilm formation within 120 min. (A, C and
E) structural pattern of pellicle formation. (A) 3 min: sludge-like substances onto granular
pellicle; (B) 30 min: clusters of globular protein aggregates; (C) 120 min: network
structure of globular agglomerates. (B, D and F) bacterial aggregation during biofilm
formation. (B) 3 min: single bacteria; (D) 30 min: bacterial aggregate; (F) 120 min:

bacterial colony.Original magnification: 20,000-fold.
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Fig. 15 Control group SEM micrographs: increasing quantity of particles within 120 min
of biofilm formation. (A) 3 min: single cocci; (B) 30 min: groups of cocci; (C) 120 min:
cocci and rod-shaped bacteria; (D, E and F) increasing number of protein aggregates from

3-min to 120-min pellicle formation time. Original magnification: 5,000-fold.
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Fig. 16 Vinegar group SEM micrographs: ‘clean‘ enamel surfaces even 120 min after
rinsing with vinegar. 3 min (A and B), 30 min (C and D) and 120 min (E and F); with
5,000-fold magnification (A, B and C) and 20,000-fold magnification (D, E and F).
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TEM

The ultrastructure of the pellicle was clearly revealed by TEM. The micrographs of the
control group showed that the enamel slabs were covered by an outer globular layer and
an electron-dense basal pellicle layer after exposed intraorally for 3 min and rinsed with
water for 5 s. Within 120 min, the outer globular layer got thicker while the sublayer kept
steady thin electron-dense over time. Simultaneously, the enamel surface was covered

with separate globular particles within 120 min after water rinsing.

The pellicles formed in the vinegar group were characterized by only an less dense not
continuous basal layer without an outer layer. However, there was a subsurface appeared
after vinegar rinsing. The outer globular layer was only detectable 120 min after vinegar
rinsing (Table. 1 and Fig. 17).

Table. 1 In situ formed pellicle layer and ultrastructural findings (appearance of the

residual pellicle layer) after rinsing with water (control) and vinegar, respectively.

Control groups Vinegar groups

Time of Ultrastuctural
Ultrastructural ~ Ultrastructural ~ Ultrastructural ~ Ultrastructural
- appearance of
rinsing appearance of appearance of appearance of appearance of h
e
the outer layer  the basal layer  the outer layer  the basal layer
subsurface
0 min Globular Not detectable ) Pellicle
) Electron dense, Residues of the
after particles, 20-40 ) (completely network up to
o ] 10-20 nm thick sublayer, .
rinsing nm thick removal) 300 nm thick
30 min Globular Electron dense _ Pellicle
) Electron dense, Residues of the
after particles, 100- ) layer, up to 40 network up to
o ) 10-20 nm thick ) sublayer, .
rinsing 170 nm thick nm thick 300 nm thick
120 min Globular Globular ) Pellicle
) Electron dense, ) Residues of the
after particles, 100- . particle, up to network up to
o i 10-20 nm thick . sublayer, :
rinsing 400 nm thick 100 nm thick 300 nm thick
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Fig. 17 TEM micrographs: gallery of representative pellicle layers after rinsing with
water (left) and vinegar (right). (A, C and E) Control group, the outer globular layer
increased over time, also, the electron-dense basal layer was clearly observed; (B, D and
F) Vinegar group, the outer pellicle layer is removed due to vinegar rinsing and the
subsurface is formed; (A and B) immediately after vinegar rinsing; (C and D) 30 min after
vinegar rinsing; (E and F) 120 min after vinegar rinsing. Original magnification: 68,000-
fold.
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4.1.2 Semi-quantification of particles in the in situ pellicle

After 3 min of oral exposure, large particles on enamel surfaces (including bacteria and
protein aggregates) were observed by SEM and counted with Image J to quantify the
arrangement of the outer pellicle layer so as to determine the interference of the vinegar
in the pellicle formation process. Table. 2 summarizes the median and range of all
samples. Pellicle formation in the control group had a significant difference between the
three time points (immediately, 30 min and 120 min after water rinsing) (Kruskal-Wallis
test, p<0.01), while there was little difference between the three time points in the vinegar
rinsing group (Kruskal-Wallis test, p>0.05). A further comparison by Mann-Whitney U-
test found that pellicle particles increased significantly from 3 min to 30 min to 120 min
in the control group (Mann-Whitney U test, p <0.001). However, in the vinegar rinsing
group, pellicle particles did not increase with time (Mann-Whitney U test, p> 0.05). At
all three times of pellicle formation, compared to the control group, the adsorption of
particles onto the enamel slabs rinsed with vinegar was significantly inhibited (Kruskal-
Wallis test, p>0.05) (Fig. 18).
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Table. 2 Quantification of pellicle particles without or following rinsing with vinegar
evaluated by SEM. Exposition of the enamel specimens for 3 min. Median numbers of
pellicle particles according to Image J (Median(Q1,Q3)). A significant difference
between vinegar rinsing and water rinsing was shown immediately after rinsing procedure
(p<0.05), 30 min (p<0.001) and 120 min (p<0.001) after rinsing. (Mann-Whitney U test).
Within the 120-min experimental period, the use of water resulted in a significant increase
of particles (Mann-Whitney U test, p < 0.01), while after the use of vinegar, no difference
between 3-min, 30-min and 120-min specimens were detected (Mann-Whitney U test, p >

0.05). Numbers of particles per 11261 1 m? of surface area.

Groups immediately 30min 120min
Exposure time after rinsing after rinsing after rinsing
Control (water) 3.5(1,7) 16(8.75,29.75) 45.5(24.75,124.25)
Vinegar 0.5(0,2) 1.5(0,2) 0.5(0,3)
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Total number of globularly shaped particles detected on the pellicle surface

by SEM
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immediately after rinsing ~ 30min after rinsing 120min after rinsing

Fig. 18 Total number of globular particles detected in the pellicle surface by SEM.
Control group showed typicle formation of pellicle with a significant increase of globular
particles over time (Mann-Whitney U test, p<0.001). The enamel surfaces of the vinegar
rinsing group kept quite “clean* after rinsed with vinegar over the 120-min observation
time. After rinsing with vinegar, there were great differences immediately (Mann-
Whitney U test, p<0.01), 30 min (Mann-Whitney U test, p<0.001) and 120 min (Mann-
Whitney U test, p<0.001) after rinsing compared to the control group, mean xSD. *:
p<0.05; ***: p<0.001
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4.2 Part two, 24-h biofilm

4.2.1 Visualization of adherent bacteria in the in situ biofilm

4.2.1.1 BacLight™ viability assay

In the 24-h biofilms, live microbial cells (stained green) and membrane ruptured
microbial cells (stained red) could be clearly distinguished by BacLight™ viability assay
(Fig. 19). After exposure in the oral environment for 24 h, enamel slabs were also
analyzed regarding the biofilm structure. It was observed that the bacteria in the samples
were predominantly cocci and rods, in which the cocci showed regular chain and
dispersive forms. Occasionally, epithelial cells were found in the biofilm. (Fig. 20).
Thickness of the biofilms varied with bacteria in some areas extremely dense arranged by
overlapping clusters, while in some areas no bacteria could be detected (Fig. 21).

In the control group, live bacteria were exceedingly abundant in 24-h biofilms, especially
in dense colonies, while dead bacteria had less quantity and mainly concentrated in the
bottom part of the biofilm (Fig. 22).

After application of vinegar for 5 s, there was a little change in thick clusters of colonies
in quantity. Most bacteria exposed at the surface were stained red after membrane rupture.
However, thick colonies were detected staining red on the edge circle, while the central
areas were still stained bright green (Fig. 23). The proportion of dead bacteria increased
over time. The red stained bacteria were rapidly spreading from the edge circle of the
colony to the central surface, whereas the green stained bacteria faded gradually, and only
a small amount of healthy bacteria could be observed 30 min after vinegar rinsing (Fig.
24). 30 min after vinegar rinsing, the proportion of dense colonies decreased overall, but
bacteria arranged as monolayer had a decreasing trend. With the red stained bacteria
spreading further, green stained bacteria were still detected in the colony center (Fig. 25).
120 min after vinegar rinsing, the biofilms appeared smaller and thinner overall in some
samples without dense colonies or monolayer areas (Fig. 26). However, there were still
visible green stained cocci and rods, whereas other species of bacteria were completely
dead (Fig. 27).
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Throughout the vinegar rinsing process, there were two impressive characteristics. The
first one was that the dense layer of bacterial cells in the biofilm could still remain viable,
while the majority of the residual biofilms revealed a scattered distribution of dead

bacteria (Fig. 28). The second was that the surviving bacteria were of two major shapes:

cocci and rods.

Fig. 19 BacLight™ viability assay: Clear differentiation of live (green) and dead (red)
bacteria. Control sample exposed to oral cavity for 24 h. Green: live; Red: dead. Original

magnification: 1,000-fold.

5 um

B

Fig. 20 BacLight™ viability assay: two typical aggregations of bacteria presented in the
24-h biofilm of control samples. (A) dispersive distribution; (B) chain-like distribution.

Green: live; Red: dead.Original magnification: 1,000-fold.
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Fig. 21 BacLight™ viability assay of 24-h biofilm: uneven thickness of microflora, with
dense areas (Dark blue arrows) and loosely arranged (Light blue arrows). (A) control
group; (B) immediately after vinegar rinsing; (C) 30 min after vinegar rinsing; (D) 120

min after vinegar rinsing. Green: live; Red: dead. Original magnification: 1,000-fold.
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Fig. 22 Visualization of living/ dead bacteria of a 24-h biofilm (control group). (A)
BacLight™ viability assay. Green: live; Red: dead; (B) corresponding SEM micrograph.
Original magnification: 1,000-fold.
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Fig. 23 Visualization of living/ dead bacteria of a 24-h biofilm (immediately after vinegar
rinsing for 5 s). (A) BacLight™ viability assay. Green: live; Red: dead; (B) corresponding
SEM micrograph. Original magnification: 1,000-fold.

- 52-



Results

Fig. 24 BacLight™ viability assay of a 24-h biofilm dynamic effect: increasing
proportion of dead bacteria (red) within 30 min after application of vinegar. Green: live;

Red: dead. Original magnification: 1,000-fold.
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Fig. 25 Visualization of living/ dead bacteria of a 24-h biofilm 30 min after vinegar
rinsing. (A) BacLight™ viability assay, Green: live; Red: dead; (B) corresponding SEM

micrograph. Original magnification: 1,000-fold.
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Fig. 26 Visualization of living/ dead bacteria of a 24-h biofilm in 120 min after vinegar
rinsing. (A) BacLight™ viability assay, Green: live; Red: dead; (B) corresponding SEM
micrograph. Original magnification: 1,000-fold.

B

Fig. 27 BacLight™ viability assay: 120 min after vinegar rinsing, two major shapes of
bacteria were observed surviving in 24 h biofilm. (A) cocci; (B) rods. Green: live; Red:

dead. Original magnification: 1,000-fold.
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Fig. 28 BacLight™ viability assay: 24-h biofilm after vinegar rinsing kept viable (green)
in dense bacterial layers and red in scattered distributed bacterial layers. (A and B)
immediately after vinegar rinsing for 5 s; (C and D) 30 min after vinegar rinsing; (E and
F) 120 min after vinegar rinsing; (A, C and D) dense layers of biofilms; (B, E and F)
scattered distribution of bacteria. Green: live; Red: dead. Original magnification: 1,000-
fold.
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4212 SEM

SEM facilitates morphological description of the bacterial appearance in the in situ 24-h
biofilm, mainly in the form of chain-like cocci and rod-shaped bacteria. Uneven
distributed colonies could be observed more intuitively by SEM (Fig. 29). In the 24-h
biofilm, the surface of the whole biofilm was characterized by exposed bacteria, some of
which were connected firmly while others were relatively loosely arranged with mono-

layer bacteria covering the enamel surface (Fig. 30).

The biofilm was observed to be unevenly arranged and distributed throughout the enamel
surface at low magnification, while different shapes of bacteria closely connected

together were detected in high magnification (Fig. 31).

After vinegar rinsing for 5 s, biofilm residues covered the enamel surface. Observation in
high magnification revealed that numerous of damaged bacteria existed in the margin of
the colonies, while lots of bacteria in the dividing state were found in the center areas
(Fig. 32). 30 min after vinegar rinsing, the biofilm surface showed many large gaps, and
the surface of the bacteria presented a rough texture. The bacteria at the margin of the
colonies lose their normal form and structure, and also in the center of the colonies, a
regular shape of bacteria could be hardly detected. The whole biofilm was covered by a
layer of residues with no typical bacteria structure (Fig. 33). 120min after vinegar rinsing,
biofilms were disintegrated into loose colonies as observed under low magnification.
With the enlargement of magnification, the junction of colonies were found to be
extremely loose, and the connection between bacteria got thinner. Interestingly, most of
bacteria in the dividing state were observed only in chain-like arranged cocci (Fig. 34).
There were many cell residues detected in biofilm disintegrating areas. The surface of the
biofilm was destroyed after vinegar rinsing by losing intact bacterial cell structure (Fig.
35) and figure 21 recorded the process of this change. During the vinegar rinsing process,
the connection of the surface bacteria in the 24-h biofilm was destroyed from dense to

larger voids, and then the bacteria shed from the biofilm.
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Fig. 29 SEM micrographs: characteristic shapes of bacteria adherent to the 24 h biofilm
in the control group. (A) cocci; (B) rods; (C) cocci in the state of division. Original
magnification: 20,000-fold.

Fig. 30 SEM micrographs: 24-h biofilm revealing different thickness of the adherent
microflora in the control group. (A) dense bacterial layers; (B) loose connection of

bacteria with forming a monolayer. Original magnification: 10,000-fold.
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Fig. 31 SEM micrographs of the control group: an overview of the 24-h biofilm at
different magnifications. (A) 30-fold; (B) 500-fold; (C) 1,000-fold; (D) 5,000-fold; (E)
10,000-fold; (F) 20,000-fold.
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Fig. 32 SEM micrographs of the vinegar group: an overview of the 24-h biofilm
immediately after rinsing with vinegar at different magnifications. (A) 30-fold; (B) 500-
fold; (C) 1,000-fold; (D) 5,000-fold; (E) 10,000-fold; (F) 20,000-fold.
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Fig. 33 SEM micrographs of the vinegar group: an overview of the 24-h biofilm 30 min
after vinegar rinsing at different magnifications. (A) 30-fold; (B) 500-fold; (C) 1,000-fold;
(D) loose bacterial layer observed in 5,000-fold; (E) loose bacterial layer observed in
10,000-fold; (F) loose bacterial layer observed in 20,000-fold; (G) dense bacterial layer
observed in 5,000-fold; (H) dense bacterial layer observed in 10,000-fold; (1) dense
bacterial layer observed in 20,000-fold.
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Fig. 34 SEM micrographs of the vinegar group: an overview of the 24-h biofilm 120 min
after vinegar rinsing at different magnifications. (A) 30-fold; (B) 500-fold; (C) 1,000-fold;
(D) 5,000-fold; (E) 10,000-fold; (F) 20,000-fold.
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Fig. 35 SEM micrographs of the vinegar group: no bacterial structures cover the surface
of the 24-h biofilm 120 min after vinegar rinsing. (A) 5,000-fold; (B) 10,000-fold; (C)
single layer in 20,000-fold; (D) dense layer in 20,000-fold.
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4214 TEM

The ultrastructure of the 24-h biofilm was clearly shown by TEM investigation. The
control group showed that the surface of the enamel slabs was covered by thick biofilms
after 24 hours exposure in the oral cavity. There was a wide range of microbes in the
biofilm. After vinegar rinsing, the total amount of bacteria was reduced. In addition, many
bacterial cell membranes were damaged and parts of the biofilm matrix were dissolved
(Fig. 36)

C

Fig. 36 TEM micrographs: gallery of representative 24 h biofilm at immediately, 30min
and 120min after rinsing with vinegar. (A) Control group; (B) After invention
immediately; (C) After invention 30min; (D) After invention 120min. Original
magnification: 23,000-fold.
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4.2.2 Visualization of planktonic bacteria in saliva

The BacLight™ viability assay showed that the quantity of bacteria in the saliva changed
significantly after rinsing with vinegar (Fig. 37). Saliva samples of control groups
contained large amounts of bacteria shapes such as spherical, rod, chain and rod and so
on. Compared to the cocci, which dominated the 24-h biofilm on enamel, the bacteria in
the saliva were dominated by rods or short rods like. The distribution of these bacteria
was loose in saliva and relatively concentrated in the mucus due to uneven viscosity. Most
of the bacteria were stained in green, while a small part of the bacteria was stained in red
at 1,000 times magnification (Fig. 38). In the expectorate after vinegar rinsing, the amount
of bacteria was drastically reduced either stained green or red. Saliva samples 30 min
after vinegar rinsing showed that the number of bacteria was slightly higher than before,
but mainly revealed red stained bacteria. Randomly, there were green colonies in the
center of the cell mass. 120 min after vinegar rinsing, the total number of bacteria slightly

increased compared to the 30-min sample, but was less than in the control group.

4.2.3 Measurement of salivary pH

The pH of the saliva samples was measured with pH test paper (Carl Roth GmbH +Co,
Karlsruhe, Germany). The pH of the vinegar itself in this experiment was assessed to be
2.0, and the pH of the expectorate after vinegar rinsing was 2.3. 30 min after rinsing with
vinegar, the oral pH was in the range of 5.5, and 120 min after rinsing with vinegar, the

pH of the saliva was close to the physiological state (pH =6).
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Fig. 37 BacLight™ viability assay: bacterial quantity in saliva changed significantly after
vinegar rinsing. (A) control; (B) immediately after vinegar rinsing for 5 s without
subsequent water rinsing; (C) expectorate of the second water rinsing after vinegar rinsing
for 5's; (D) 30 min after vinegar rinsing; (E) 120 min after vinegar rinsing. Original

magnification: 1,000-fold.
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B

Fig. 38 BacLight™ viability assay: an overview of saliva from the control group. (A)

cocci and rods (dark blue arrow); (B) bacteria concentrated in the mucus (light blue

arrow). Original magnification: 1,000-fold.
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4.2.4 Semi-quantification of adherent bacteria in the in situ biofilm

4.2.3.1 Total amount of bacteria

Salivary samples were stained with the BacLight™ viability assay and measured

regarding the gray value of G/R channel with Image J.

The total bacterial amount of the salivary samples was significantly different. Compared
to the control group, expectorate immediately after vinegar rinsing for 5 s showed total
bacterial amount reduced sharply (Mann-Whitney U test, p <0.01), as well as 30min after
rinsing, the total microbial amount in saliva were significantly reduced (Mann-Whitney
U test, p <0.01). While 120 min after vinegar rinsing, the total count of planktonic bacteria

basically returned to the physiological level (Mann-Whitney U test, p>0.05) (Fig. 39).

Quantity changes of bacteria in saliva after rinsing with vinegar
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Fig. 39 BacLight™ viability assay for detection of the total relation amount of bacteria
in saliva after vinegar rinsing at different times. Compared to controls set as 100%, a
significant reduction of bacteria was shown over a period of 30 min after vinegar rinsing
(Mann-Whitney U test, p<0.01). However, 120 after vinegar rinsing, there is almost the
same quantity of bacteria as in the control group, mean £SD. n.s.: not significant; **:

significant for p<0.01.

-67-



Results

4.2.3.2 The live / dead bacterial colonization

Measured by BacLight™ viability assay, it was possible to assess the influence of vinegar
rinsing on the oral microecology of live/ dead adherent bacteria in the in situ biofilm and
planktonic bacteria in saliva, respectively. Compared with the control group, the mortality
of bacteria in the biofilm was significantly increased within 120 min after vinegar rinsing
(Kruskal-Wallis test, p<0.001). Moreover, the killing rate of the bacteria was remarkably
increased within 30 min after vinegar rinsing (Mann-Whitney U test, p<0.05). However,
there was no significant difference in bacterial mortality between the last two time points
(30 min after vinegar rinsing and 120 min after vinegar rinsing) (Mann-Whitney U test,
p>0.05) (Fig. 40). Saliva samples also showed very significant mortality after vinegar
rinsing (Mann-Whitney U test, p<0.001). Especially, directly after vinegar rinsing, the
mortality immediately increased, and 30 min and 120 min after vinegar rinsing, the
mortality remained at a high proportion, with no significant difference (Mann-Whitney U
test , p>0.05) (Fig. 41).

After rinsing with vinegar, planktonic bacteria in saliva showed different sensitivities to
the vinegar compared with biofilm bacteria. Figure 42 shows that the survival rate of
bacteria in the biofilm was not significantly different from that of the planktonic bacteria
in control groups (Mann-Whitney U test, p> 0.05), whereas in the vinegar groups the
difference between planktonic bacteria and biofilm bacteria was remarkably significant
(Mann-Whitney U test, p <0.01).
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Mortality of bacteria in 24-h biofilm after vinegar rinsing
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Fig. 40 BacLight™ viability assay for determination of bacterial mortality in 24 h biofilm
before and after vinegar rinsing at different times. Enamel specimens were exposed for
24 hours. A significant increase of bacteria mortality was shown after vinegar rinsing for
5 s (Wilcoxon test, p < 0.001). Within 30 min after vinegar rinsing, the mortality of
bacteria continued to increase significantly (Mann-Whitney U test, p<0.05).n.s.: not
significant; *p<0.05; ***p<0.001
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The mortality of bacteria in saliva after vinegar rinsing
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Fig. 41 BacLight™ viability assay for determination of bacteria mortality in saliva before
and after vinegar rinsing at different times. Bacteria gray value was calculated by Image
J. Statistical evaluation of bacterial death rate showed a significant increase in saliva

(Mann-Whitney U test, p<0.001) after vinegar rinsing, mean =SD.***p<0.001
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The vitality of bacteria in 24 h biofilm and saliva after vinegar rinsing
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Fig. 42 BacLight™ viability assay for comparison of bacteria vitality rate between 24-h
biofilm and saliva before and after vinegar rinsing. Bacteria gray value was calculated by
Image J. A significant difference between biofilms on enamel and saliva was apparent
immediately after vinegar rinsing (Mann-Whitney U test, p<0.01). n.s.: not significant;
**: significant for p<0.01.
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5 Discussion

5.1 Discussion of materials and methods

5.1.1 Adoption of bovine teeth

As an alternate to human teeth, bovine teeth were commonly used in biofilm studies
[Hannig M et al., 2003; Hannig C et al., 2005a]. Bovine teeth are easy to obtain and
similar to the physical and chemical properties of human teeth so that these are considered
as an appropriate substrate for in situ experiments on oral biofilm formation [Hannig et
al., 2007; Jung et al., 2010].

In the present experiments, bovine incisor enamel was selected as substrate in the in situ

experiments to form the 3-min pellicle and 24-h biofilm.

5.1.2 Experimental design

5.1.2.1 In situ biofilm model

Bioadhesion taking place in the oral cavity is difficult to simulate in vitro, which makes
in situ experiments an irreplaceable role in studing oral biofilm formation [Hannig C and
Hannig M, 2009]. Studying the effect of vinegar on the dynamic balance of the oral
environment, in particular the salivary microflora requires consideration of a variety of
factors. Thus, in situ experiments can reflect the actual situation of the oral environment,
and allow investigation of the effects of vinegar under conditions closely related to

clinical application.

51.2.2 Removable minisplints

Minisplints are an appropriate tool for performing oral in situ experiments with fixed

enamel specimens. Due to the complexity of the oral cavity, formation of biofilms at
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different locations is different. However, minisplints can reproduce the position of enamel
specimens in experiments at different stages, which makes the experiment more accurate
[Hannig, 1997; Hannig M and Balz, 1999; Hannig, 1999].

51.2.3 Experimental conditions

In the first part of this study, 3-min pellicle was selected as a model to investigate the

effect of vinegar rinsing on the formation of initial biofilms.

In the second part, 24-h mature biofilms were selected as a model to investigate the

influence of vinegar rinsing on mature existent biofilms.

5.1.3 BacLight™ viability assay

Cellular membrane toxicity of fluorochromes stains bacteria to distinguish living cells or
dead ones, which provides a quantitative visual impression of the proliferation or viability
of the microflora [Auschill et al., 2001; Netuschil et al., 1998]. LDS was able to rapidly
identify cell viability and is relatively simple to operate, which was used in many studies
[Hannig et al., 2013a; Hannig et al., 2013c]. Therefore, the BacLight ™ viability assay
was used to observe the activity of bacteria in the biofilm and saliva after rinsing with

vinegar.

5.1.4 Electron microscopic investigations

Scanning electron microscopes are ideal tools for observing the appearance and
ultrastructure of biofilms [Hannig and Joiner, 2006]. SEM can provide a top view of the
enamel surface to describe the status and distribution of bacteria at the biofilm surface.
With the increase of magnification, the integrity and morphological changes of bacteria
can be observed in detail. TEM provides a perfect method for analysis of ultrastructural
and internal structures of biofilms. After the application of the vinegar, biofilm internal

changes, thickness changes, etc., can be detected by TEM.
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5.2 Discussion of results

5.2.1 Chronological sequence:

There are few investigations of vinegar application in the oral field. Most of the studies
used acetic acid applied on the enamel surface for much longer times than 5 s; many of
them are in vitro studies [de Castro RD et al., 2015; da Silva FC et al., 2008;
Willershausen 1 et al., 2014; Meurman JH et al., 1996]. However, as a whole micro-
ecological biotopes, many factors in the oral environment are mutually by rinsing
affected solutions. The results of in vitro study have distinct differences as compared
with in situ study. The present in situ experiments found that vinegar has the potential

to inhibit the formation of biofilm in multiple ways.

The development of biofilms is a dynamic process [Marsh PD et al., 2009]. After
formation of the pellicle, early bacterial colonizers will be transported by saliva to attach
to the pellicle surface. With more and more bacterial adherence, the mature biofilm
formed. The effect of vinegar on distinct stages in biofilm formation has been analysed

in the present study.

Firstly, after contact with saliva and gingival crevicular fluid, the pellicle is formed on
the cleansed tooth surface. The main composition of the pellicle are salivary
glycoproteins, carbohydrates and lipid which have been examined by analytical
techniques [Hannig M and Joiner A, 2006]. In the 3-min pellicle experiment, the control
group presented the normal process of pellicle formation. The thickness of the globular
layer increased uponthe 120-min experimental trial (p<0.001), which proves former
research on pellicle formation [Hannig M, 1999; Hannig M and Joiner A, 2006]. In
comparison, these particles layers were removed immediately due to vinegar rinsing,
and were sparsely formed during the next 120 min after vinegar rinsing, which suggests
that the formation of the pellicle was strongly reduced at least for 120 min. Therefore,

vinegar presents substantial inhibition in the initial biofilm formation.
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Second, after formation of the pellicle, the early bacterial will adhere to the pellicle
surface [Marsh PD et al., 2009]. Early microbes (such as streptococci) attach to the
pellicle surface by specific adhesins [Heller D et al., 2016; Gibbons RJ et al., 1991;
Abeygunawardana C et al., 1991; Scannapieco FA et al., 1995; Murray PA et al., 1992;
Ruhl S et al., 2004]. 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 via SEM and
TEM, with many fimbriae firmly fixed on the pellicle surface, which proved the
adherence of early bacterial colonies. Additionally, the morphological variations of
bacteria are quite few with coccoids and rod-shaped bacteria dominating, which is
consistent with the morphological characteristics of the early colonizers described in the
literature [Heller D et al., 2016]. Moreover, the quantity of protein particles increased
further after the formation of the pellicle for 30 min (p<0.001) as well as the frequancy
of single microorganism adhering to the surface in the control group. However, in the
vinegar rinsing group only the enamel surface covered by a thin pellicle with rarely
visible protein particles or microbial attachment was observed. 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, the vinegar altered the bacteria in both initial biofilm

and saliva, leading to the inhibition of early biofilm growth.

Third, after colonized by early microbes, biofilms gradually accumulate a wide variety
of other species of bacteria, which promotes growth of the biofilm. It has been reported
that bacteria embedded in mature biofilm presented more tolerance to antibiotic than
planktonic cells [Blanc V et al., 2014]. Therefore, these biofilm are difficult to be
removed by antibiotic [Hwang G et al., 2017]. In the present study, vinegar presented a
stronger antibacterial effect to planktonic bacteria in saliva than bacteria embedded in
24-h biofilm (p<0.01). This result 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.
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Actually, there are many studies of rinsing solutions used for oral biofilm management
and removal, such as chlorhexidine, cetylpyridinium chloride and plant solutions
[Dabholkar CS et al., 2016; Santos GOD et al., 2017; Pitten FA et al., 2001; Sreenivasan
PK et al., 2013]. Among them, chlorhexidine is recognized as a golden standard [Jones
CG, 1997]. However, more and more side effects were reported after widely clinical
application of chlorhexidine rinsing, such as tooth staining, taste disturbance and even
serious allergic reactions [Flotra L, 1973; Bahal S et al., 2017]. In comparison, vinegar
present better advantages in clinical experience. As it is commonly to see in daily diet,
vinegar is of higher safety than antibiotics, not to mention that vinegar could avoid the
bacterial resistance. Therefore, vinegar illustrates a significant efficacy to manage and
inhibit biofilm formation.

5.2.2 Spatial sequence

5.2.2.1 Enamel

Enamel is the outer thick layer of the tooth crown mainly consisting of hydroxyapatite
[Ichijo T etal., 1993]. It would be taken for granted that vinegar with extremely low pH
value might destroy the enamel. Some in vitro study also revealed that applying vinegar
for a couple of hours may cause dental erosion [Willershausen 1 et al., 2014; Meurman
JH etal., 1996]. According to the daily diet habits, vinegar will not stay in the oral cavity
for several minutes due to the deglutition. It has been reported that even the 3-min
pellicle could protect the enamel from acid erosion for 60 s [Hannig M et al., 2004].
Therefore, short-term application of acid proved safety due to the protective effect of
oral biofilm [Hannig C et al., 2009]. On the other hand, pure enamel is not exposed
intraorally but always covered by biofilm and soaking in saliva in the oral cavity. So in
situ experiments have better advantage in studying erosive proceses than in vitro studies
[Wake N et al., 2016; Wiegand A et al., 2008].

In the present 24-h biofilm in situ study, the enamel showed scarcely any change after
vinegar rinsing for 5 s due to the thick coverage and buffering effects of mature biofilm.

This result proved that short period usage of acids will cause no damage of the enamel
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surface [Hannig M et al, 2003]. In the 3-min pellicle in situ study, the subsurface pellicle
layer below the enamel surface appeared immediately after vinegar rinsing for 5 s 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 [Hannig M and Hannig C, 2014; Hannig C et al., 2009]. As
recent studies of Hannig et al. showed that even the 3-min pellicle could protect the
enamel surface from 60-s acid effects, and even after 5-min acid rinsing, pellicle residue
still could be detected [Hannig M et al., 2004; Hannig M et al., 1999a].

The enamel demineralization happens frequently due to many factors, i.e., the physical
and chemical structure, the composition and pH as well as the chemical balance between
enamel and solution [Nancollas, 2005; Dorozhkin, 2012]. In the process of enamel
erosion, early-stage surface interactions would soften the enamel to a few micrometers
[Imfeld, 1996; Finke et al., 2000; Addy and Shellis, 2006; Cheng et al., 2009], and the
permanent loss of the enamel structure would happen after longer erosive conditions
[Addy and Shellis, 2006; Cheng et al., 2009]. In the oral cavity, saliva as well as the
biofilm have buffer capacity for extreme pH values [Hannig M et al., 2014; Garc &-
Godoy F et al., 2008; Martins C et al., 2013]. For these reason, vinegar which can reach
the enamel surface through saliva and biofilm has been diluted and will cause only
scarce erosive effects, as indicated in the present study.

Moreover, the subsurface pellicle layer turned to appear more shallow 120 min after
vinegar rinsing as well as the electron density presented much higher, which indicates
that additional adsorption of salivary proteins and remineralization happened.
According to previous studies, the remineralization period is 1-4 h in consciousness time
and 6-8 h in sleeping time [Lippert F et al., 2004], which may be related to a decrease
in saliva secretion during sleep leading to the reduction of remineralization efficacy
[Schneyer LH et al., 1956]. Remineralization will be established within 2 h, yielding no

difference as compared to 24-h remineralization time [Eisenburger M et al., 2001].
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Therefore, 5-s vinegar rinsing caused only very minimal damage to the enamel surface,
promoting formation of the protective subsurface pellicle layer that protects the enamel
against further demineralization [Hannig M and Hannig C, 2014]

5.2.2.2 Saliva

As an important component of the oral micro ecology, saliva plays a substantial role in
forming oral biofilms and maintaining tooth integrity. Saliva contributes to the
remineralization, supersaturated with calcium, phosphate and fluoride [Buzalaf MAR et
al., 2012; Rios D et al., 2006]. Also, saliva contains more than a thousand of different
proteins resulting in the formation of the pellicle on enamel surface [Denny P et al.,
2008; Hannig and Joiner, 2006]. Afterwards, saliva transfers microbes to the pellicle
and promotes the development of biofilms [Jakubovics NS, 2015]. In the 3-min pellicle
experiment, the in situ pellicle developed with bacterial adherence 120 min after water
rinsing. However, there was no bacterial attachment 120 min after vinegar rinsing. In
the 24-h biofilm experiment, the thickness of the biofilm reduced gradually as well as
the bacteria in saliva were reduced after vinegar rinsing over a period of 120 min, which
proved that some functions of saliva could be influenced by vinegar such as bacterial

reservoir and contribution to biofilm formation.

Additionally, saliva is a good buffer in the oral cavity due to bicarbonate concentration
and salivary flow rate [Bardow A et al., 2000; Wikner S et al., 1994]. This buffer
capability takes an important part to maintain the pH value of saliva [Bardow A et al.,
2000]. In the present experiment, the characteristic of the expectorate is of great
difference immediately after vinegar rinsing (pH=2.3) compared with the control saliva
(pH=7.0). The control saliva was a very mucus-rich secretion, while the vinegar
expectorate was only a watery fluid essentially devoid of mucus. This suggested that
vinegar might change the characteristic of saliva. However, vinegar causes inhabitation
of biofilm formation 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 increased already before the acid rinsing, which improves the buffer capacity
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resulting in a protective effect due to the effective dilution of acids [Hara AT et al.,
2014].

5.2.2.3  Extracellular polymeric substances (EPS)

EPS plays an important role in maintaining the balance of biofilms [Wingender J, 2002].
Ectoenzymes and extrinsic protein in EPS can provide nutrients for embedded bacteria
in the biofilm to improve its survival rate, which degrade unhealthy cells towards inside
of biofilm and digest particle foreign matter towards the outside[Rice AR et al., 2003;
Stoodley P et al., 2001]. Moreover, EPS can maintain the mechanical stability of the
biofilm and generate a gradient of pH and oxidation reduction potential, which ensures
the survival of bacteria under harsh conditions [Flemming HC, 2011]. After vinegar
rinsing, however, the biofilm matrix was destroyed, while the connection between the
bacteria was still visible under the surface, which indicates that EPS can buffer the low
pH environment, in order to preserve the embedded microorganisms in the biofilm. To
sum up, this damage of the mechanical integrity of the biofilm can lead to a decrease in
the bond strength or tensile strength of the biofilm, resulting in the dissolution of the
densely connected bacterial community into small colonies, even into single bacteria, in

order to achieve an antimicrobial effect.

5.2.2.4 Microbiota

So far, there are over 700 species of bacteria detected in the healthy oral cavity with
high diversity and subject specificity [Aas JA et al., 2005; Kolenbrander PE, 2000]. In
the oral cavity, bacteria exist in two modes, first is the planktonic mode in saliva, and
second is the embedded mode in the biofilm coating formed on all kinds of oral surfaces,
such as teeth and mucosal surfaces [Simn-Soro A et al., 2013]. Normally, bacteria in
saliva derive from the detachment of oral biofilms [Marsh PD et al., 2006]. However,
most oral bacteria exist in biofilms, with more complex characteristics [Peterson SN et
al., 2014]. It has been reported that the bacterial species in saliva present significant
distribution within the biofilm [Mager DL et al., 2003]. In the present experiment, the
salivary bacteria were almost completely killed and removed immediately after vinegar

rinsing, while in the next 120 min, the amount of bacteria (basically all dead) were
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increased. This might be explained by the fact that bacteria were detached and mobilized

from biofilm after vinegar rinsing, increasing the number of bacteria in the oral fluid.

In order to overcome oral diseases associated with inflammation, antibacterial effects
are the main direction, with antibiotics as the prevalent route [Pitten FA et al., 2001;
Sreenivasan PK et al., 2013; Santos GOD et al., 2017]. Chlorhexidine was used as a
gold standard considering antibacterial effects [Jones CG, 1997], which has been proved
by the bactericidal effect and biofilm removal [Malhotra R et al., 2011; Santos GOD et
al., 2017]. However, as other microbicidal agents do, chlorhexidine has many side effect
with the worst case being fatal allergy [Flotra L, 1973; Bahal S et al., 2017]. In
comparison, vinegar has a significant bactericidal effect as well as biofilm removal
properties which has been proved by the present experiments. In the 24-h biofilm study,
both bacteria embedded in the biofilm and planktonic microbes in saliva were killed
after vinegar rinsing for 5 s. Moreover, this antibacterial efficacy is not transient but
long lasting at least for 120 min. Most of the research on the antimicrobial efficacy of
chlorhexidine was applied for 30-s to 60-s rinsing [Johnson NR et al., 2015; Lakade LS
et al., 2014; Malhotra R et al., 2011]. By contrast, vinegar presents sufficient
antibacterial effect by rinsing for only 5 s, which indicates that vinegar has a wide
potential for further application in prevention or treatment of bacteria- caused oral
diseases.

As a natural product, vinegar has higher safety than antibiotics [Budak NH et al., 2014].
Compared to vinegar, antibiotics have much more side effects [Singh R et al., 2014;
Alzoubi K et al., 2013]. Additionally, long-term use of antibiotics can cause drug
resistance resulting in protracted course of disease [Kubicek-Sutherland JZ et al., 2015;
Vranakis | et al., 2014; Chait R et al., 2016]. For example, periodontitis reveals a high
tare of recurrence even after treatment by periodontal maintenance therapy which
includes surgical or non-surgical procedures plus antibiotics [Renvert S et al., 2004;
Axelsson P et al., 2004; Lorentz TCM et al., 2009; Costa FO et al., 2014; Costa FO et
al., 2011]. Yet, it has been reported that the recurrence of periodontitis is related to the
application of antibiotics [Serino G et al., 2001]. Therefore, due to its safety and
antimicrobial effects, vinegar might be used in the chronic inflammatory disease
treatment, such as recurrence of periodontitis.
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In the present study, some of the bacterial cell membranes were destructed after vinegar
rinsing as seen in TEM figures. One explanation might be the low pH value (vinegar
5%; vinegar expectorate pH 2.3) after vinegar rinsing exceeding the tolerance limit of
most oral bacteria [Huang CB et al., 2011]. Some other researches believed that the
underlying mechanism might be undissociated acetic acid rather than the acidity of the
vinegar [Halstead FD et al., 2015]. Non-ionised acetic acid might more readily cross the
cell membranes leading to collapse of the proton gradients [Salmond C V et al., 1984;
Walter A et al., 1984]. Due to the internal pH of the bacterial cell (around pH7.6) is
higher than that of acetic acid outside the cell, the internalized acid will dissociate and
damage the bacterial cell membrane and DNA [Hirshfield IN et al., 2003; Slonczewski
JL et al., 1981; Slonczewski JL et al., 2009; Lund P et al., 2014].

On the other hand, the composition of vinegar is complex including acetic acid, gallic
acid, catechin, etc. [Budak NH et al., 2014]. Apart from acetic acid, gallic acid has
antimicrobial effect as well [Lee DS et al., 2014; Lu J et al., 2016]. Likewise, catechin
also was reported as an active agent due to its antibacterial effects [Zhang H et al., 2016;
Miklasinska M et al., 2016]. Therefore, the significant bactericidal efficacy of vinegar

could be a multi-causal effect.

Additionally, more and more studies pointed out that bacteria embedded in the biofilm
have stronger resistance to antibiotics [Penesyan A et al., 2015; Van Acker H et al.,
2014], which could be proved in the 24-h biofilm experiment. The mortality rate of
bacteria in the mature biofilm was lower than that in saliva (p<0.001). In saliva, there
are almost no bacteria (no matter alive or dead) detectable immediately after vinegar
rinsing for 5 s, while in the 24-h biofilm, only the outer layer of attached bacteria was
dead. However, this antimicrobial effect was lasting for at least 120 min, which

indicated that vinegar might be applied in clinical treatment of chronic inflammation.

Furthermore, fluoride toothpastes are widely used nowadays, and vinegar rinsing might
provide a good combination with fluoride toothpastes. The short-term acidic condition
due to vinegar rinsing could promote the effect of fluoride on the enamel surface [Kondo
KY etal., 2016; Cardoso CA et al., 2015]. At low pH, the fluoride can produce lipophilic
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HF, which can easily pass through the bacterial cell membrane. Due to self-protective
mechanism, the internal pH of bacterial cells is higher than the extracellular pH value.
After entering into the cell, HF will be dissociated into H*, which can inhibit the
metabolism of bacterial cells, and break down the pH gradient so as to inhibit the
bacterial activity. On the other hand, F~ can reduce the glycolysis by inhibiting the
enolase, and inhibit intracellular glycogen synthesis as well [Kondo KY et al., 2016;
Rosin-Grget K et al., 2013]. Although tooth brushing was prohibited in the present
experiment, vinegar rinsing would probably double the protective effect of fluoride on

the enamel surface.

Therefore, the impact of vinegar on the oral environment is not simply an antimicrobial
effect, but also regulation of the proportion of bacteria to reconstruct the homeostasis of
the oral micro-ecosystem, which might be of high significance for the future research

on oral disease prevention and control.

-82-



Discussion

5.3 Conclusion

In conclusion, this in situ study has demonstrated the potential of vinegar rinsing for
management of biofilm formation in the oral cavity. Interestingly, pellicle formation is
strongly affected due to vinegar rinsing by reduction of the outer globular layer. Vinegar
has the potential to kill most of the bacteria in saliva, contributing to postponement of
biofilm formation. Although the effects of vinegar rinsing were significant in this study,

the long-term clinical efficacy required further investigations.

- 83-



References

6 Reference

Aas JA, Paster BJ, Stokes LN, Olsen I, Dewhirst FE: Defining the normal bacterial flora
of the oral cavity. J Clin Microbiol. 2005; 43 (11): 5721-32.

Abeygunawardana C, Bush CA, Cisar JO: Complete structure of the cell surface
polysaccharide of Streptococcus oralis ATCC 10557: a receptor for lectin-
mediated interbacterial adherence. Biochemistry. 1991; 30: 6528-6540.

Addy M, Shellis RP: Interaction between attrition, abrasion and erosion in tooth wear;
in Lussi A (ed): Dental Erosion: From Diagnosis to Therapy. Monogr Oral Sci.
Basel, Karger. 2006; 20: 17-31.

Adil M, Singh K, Verma PK, Khan AU: Eugenol-induced suppression of biofilm-
forming genes in Streptococcus mutans: An approach to inhibit biofilms. J. Glob.
Antimicrob. Resist 2014; 2: 286-292.

Alzoubi K, Al-Azzam S, Alhusban A, Mukattash T, Al-Zubaidy S, Alomari N, Khader
Y: An audit on the knowledge, beliefs and attitudes about the uses and side-effects
of antibiotics among outpatients attending 2 teaching hospitals in Jordan. East
Mediterr Health J. 2013; 19 (5): 478-84.

Amaechi BT, Higham SM: In vitro remineralisation of eroded enamel lesions by saliva.
J Dent 2001; 29 (5): 371-376.

Aminifarshidmehr N: The management of chronic suppurative otitis media with acid
media solution. Am J Otol 1996; 17: 24-25.

Arciola CR, Campoccia D, Speziale P, Montanaro L, Costerton JW: Biofilm formation
in Staphylococcus implant infections. A review of molecular mechanisms and

implications for biofilm-resistant materials. Biomaterials 2012; 33: 5967-5982.

Auschill TM, Arweiler NB, Netuschil L, Brecx M, Reich E, Sculean A, Artweiler NB:
Spatial distribution of vital and dead microorganisms in dental biofilms. Arch
Oral Biol 2001; 46: 471-476.

Axelsson P, Nystrom B, Lindhe J: The long-term effect of a plaque control program on
tooth mortality, caries and periodontal disease in adults: Results after 30 years of
maintenance. J Clin Periodontol. 2004; 31: 749-757.

- 84-



References

Bahal S, Sharma S, Garvey LH, Nagendran V: Anaphylaxis after disinfection with 2%
chlorhexidine wand applicator. BMJ Case Rep. 2017 Aug 8; 2017. pii: bcr-2017-
219794,

Bardow A, Moe D, Nyvad B, Nauntofte B. The buffer capacity and buffer systems of
human whole saliva measured without loss of CO2. Arch Oral Biol 2000; 45: 1-
12.

Baumann T, Bereiter R, Lussi A, Carvalho TS: The effect of different salivary calcium
concentrations on the erosion protection conferred by the salivary pellicle. Sci
Rep. 2017 Oct 11; 7 (1): 12999.

Belstrem D, Jersie-Christensen RR, Lyon D, Damgaard C, Jensen LJ, Holmstrup P,
Olsen JV: Metaproteomics of saliva identifies human protein markers specific for
individuals with periodontitis and dental caries compared to orally healthy
controls. PeerJ 2016; 4: e2433.

Bjarnsholt T, Ciofu O, Molin S, Givskov M, Heby N: Applying insights from biofilm
biology to drug development - can a new approach be developed? Nat Rev Drug
Discov. 2013 Oct; 12 (10): 791-808.

Bjornsdottir K, Breidit JF, McFeeters RF: Protective effect of organic acids on survival
of Escherichia coli O157: H7 in acidic environments. Appl Environ Microbiol
2006; 72: 660-664.

Blanc V, Isabal S, S&chez MC, Llama-Palacios A, Herrera D, Sanz M, Le& R:
Characterization and application of a flow system for in vitro multispecies oral
biofilm formation. J Periodontal Res. 2014 Jun; 49 (3): 323-32.

Boulos L, Pré&/ost M, Barbeau B, Coallier J, Desjardins R: Live/dead baclight :
Application of a new rapid staining method for direct enumeration of viable and
total bacteria in drinking water. J Microbiol Methods 1999; 37: 77-86.

Brul S, Coote P: Preservative agents in foods: mode of action and microbial resistance
mechanisms. Int J Food Microbiol 1999; 50: 1-17.

Budak NH, Aykin E, Seydim AC, Greene AK, Guzel-Seydim ZB: Functional properties
of vinegar. J Food Sci 2014; 79: R757-64.

- 85-



References

Buzalaf MAR, Hannas AR, Kato MT. Saliva and dental erosion. Journal of Applied
Oral Science. 2012; 20: 493-502.

Cardoso CA, Levy FM, Peres-Buzalaf C, Buzalaf MA: Dentifrice pH but not
consistency may affect fluoride uptake in plaque. J Dent. 2015 Feb; 43 (2): 219-
24.

Chait R, Palmer AC, Yelin I, Kishony R: Pervasive selection for and against antibiotic
resistance in inhomogeneous multistress environments. Nat Commun. 2016 Jan
20; 7: 10333.

Chang JM, Fang TJ: Survival of Escherichia coli 0157: H7 and Salmonella enterica
serovars Typhimurium in iceberg lettuce and the antimicrobial effect of rice
vinegar against E. coli O157: H7. Food Microbiol 2007; 24: 745-751.

Charbonneau MR, Blanton LV, DiGiulio DB, Relman DA, Lebrilla CB, Mills DA,
Gordon JI: A microbial perspective of human developmental biology. Nature
2016; 535 (7610): 48-55.

Chen YP, Zhang P, Guo JS, Fang F, Gao X, Li C: Functional groups characteristics of
EPS in biofilm growing on different carriers. Chemosphere 2013; 92: 633-638.

Cheng Z-J, Wang X-M, Cui F-Z, Ge F, Yan J-X: The enamel softening and loss during
early erosion studied by AFM, SEM and nanoindentation. Biomed Mater 2009; 4:
1-7.

Conner, D. E. , and J. S. Kotrola: Growth and survival of Escherichia coli O157: H7
under acidic conditions. Appl. Environ. Microbiol 1995; 61: 382-385.

Costa FO, Lages EJP, Cota LOM, Lorentz TC, Soares RV, Cortelli JR. Tooth loss in
individuals under periodontal maintenance therapy: 5-year prospective study. J
Periodontol Res. 2014; 49: 121-128.

Costa FO, Cota LOM, Lages EJP, Medeiros Lorentz TC, Soares Dutra Oliveira AM,
Dutra Oliveira PA et al. Progression of periodontitis in a sample of regular and
irregular compliers under maintenance therapy: a 3-year follow-up study. J
Periodontol. 2011; 82: 1279-1287.

Costerton JW, Lewandowski Z, Caldwell DE, Korber DR, Lappin-Scott HM: Microbial
biofilms. Annu. Rev. Microbiol 1995; 49: 711-745.

- 86-



References

da Silva FC, Kimpara ET, Mancini MN, Balducci I, Jorge AO, Koga-Ito CY:
Effectiveness of six different disinfectants on removing five microbial species and
effects on the topographic characteristics of acrylic resin. J Prosthodont. 2008
Dec; 17 (8): 627-33.

Dabholkar CS, Shah M, Kathariya R, Bajaj M, Doshi Y: Comparative Evaluation of
Antimicrobial Activity of Pomegranate-Containing Mouthwash Against Oral-
Biofilm Forming Organisms: An Invitro Microbial Study. J Clin Diagn Res. 2016
Mar; 10 (3): ZC65-9.

Damgaard C, Holmstrup P, Van Dyke TE, Nielsen CH: The complement system and its
role in the pathogenesis of periodontitis: current concepts. Journal of Periodontal
Research 2015; 50 (3): 283-293.

Dawes C, Pedersen AM, Villa A, Ekstrdm J, Proctor GB, Vissink A, Aframian D,
McGowan R, Aliko A, Narayana N, Sia YW, Joshi RK, Jensen SB, Kerr AR,
Wolff A : The functions of human saliva: A review sponsored by the World
Workshop on Oral Medicine VI. Arch Oral Biol 2015; 60: 863-874.

de Castro RD, Mota AC, de Oliveira Lima E, Batista AU, de Arajo Oliveira J,
Cavalcanti AL: Use of alcohol vinegar in the inhibition of Candida spp. and its
effect on the physical properties of acrylic resins. BMC Oral Health. 2015 Apr 28;
15: 52.

Deimling D, Hannig C, Hoth-Hannig W, Schmitz P, Schulte- Monting J, Hannig M:
Non-destructive visualisation of protective proteins in the in situ pellicle. Clin
Oral Investig 2007; 11: 211-216.

Delius J, Trautmann S, Mélard G, Kuster B, Hannig M, Hofmann T: Label-free
quantitative proteome analysis of the surface-bound salivary pellicle. Colloids
Surf B Biointerfaces 2017; 152: 68-76.

Denny P, et al. The proteomes of human parotid and submandibular/sublingual gland

salivas collected as the ductal secretions. J Proteome Res. 2008; 7: 1994—-2006.

Dohar JE: Evolution of management approaches for otitis externa. Pediatr Infect Dis J
2003; 22: 299-308.

Dorozhkin S. V. : Dissolution mechanism of calcium apatites in acids: a review of
literature. World. J. Methodol. 2012; 2: 1-17.

- 87-



References

Dowd F J: Saliva and dental caries. Dent. Clin. North Am 1999; 43 (4): 579-597.

Ebersole JL, Schuster JL, Stevens J, Dawson D, Kryscio RJ, Lin Y, Thomas MV, Miller
CS: Patterns of salivary analytes provide diagnostic capacity for distinguishing
chronic adult periodontitis from health. Journal of Clinical Immunology 2013; 33
(1): 271-279.

Edgar WM, Higham SM, Manning RH: Saliva stimulation and caries prevention. Adv
Dent Res 1994, 8: 239-42.

Edmunds DH, Whittaker DK, Green RM: Suitability of human, bovine, equine, and
ovine tooth enamel for studies of artificial bacterial carious lesions. Caries Res
1988; 22 (6): 327-336.

Eisenburger M, Addy M, Hughes JA, Shellis RP: Effect of time on the remineralisation
of enamel by synthetic saliva after citric acid erosion. Caries Res. 2001 May-Jun;
35 (3): 211-5.

Entani E, Asai M, Tsujihata S, Tsukamoto Y, Ohta M: Antibacterial action of vinegar
against food-borne pathogenic bacteria including Escherichia coli O157: H7. J
Food Prot 1998; 61: 953-959.

Ericsson Y: Clinical investigation of salivary buffering effect. Acta Odontol Scand
1959; 17: 131-134.

Finke M, Jandt KD, Parker DM: The early stages of native enamel dissolution studied
with atomic force microscopy. J Colloid Interface Sci 2000; 232: 156-164.

Flemming HC: The perfect slime. Colloids Surf B Biointerfaces. 2011 Sep 1; 86 (2):
251-9.

Flim GJ, Arends J: Diffusion of 45ca in bovine enamel. Calcif Tissue Res 1977; 24 (1):
59-64.

Flotra L: Different modes of chlorhexidine application and related local side effects. J
Periodontal Res Suppl. 1973; 12 (1): 41-4.

Freese E, Sheu CW, Galliers E: Function of lipophilic acids as antimicrobial food
additives. Nature 1973; 241: 321-325 .

- 88-



References

Fushimi T, Ohshima Y, Kishi M, Nishimura A, Kajimoto O, Kajimoto O: Effect of
drink containing vinegar on serum total cholesterol and assessment of its safety. J
Nutr Food 2005; 8: 13-26.

Garc B-Castillo V, Sanhueza E, McNerney E, Onate SA, Garc & A: Microbiota
dysbiosis: a new piece in the understanding of the carcinogenesis puzzle. J Med
Microbiol 2016; 65 (12): 1347-1362.

Garc R-Godoy F, Hicks MJ: Maintaining the integrity of the enamel surface: the role of
dental biofilm, saliva and preventive agents in enamel demineralization and
remineralization. J Am Dent Assoc. 2008 May; 139 Suppl: 25S-34S.

Garcia-Parrilla MC, Gonzalez GA, Heredia FJ and Troncoso AM: Differentiation of
wine vinegars based on phenolic composition. J Agric Food Chem 1997; 45:
3487-3492.

Ghannoum MA, Jurevic RJ, Mukherjee PK, Cui F, Sikaroodi M, Naqvi A, Gillevet PM:
Characterization of the oral fungal microbiome (mycobiome) in healthy
individuals. PLoS Pathog 2010; 6 (1): e1000713.

Gibbons RJ, Hay DI, Schlesinger DH. 1991. Delineation of a segment of adsorbed
salivary acidic proline-rich proteins which promotes adhesion of Streptococcus

gordonii to apatitic surfaces. Infect Immun 59: 2948-2954.

Gradisar H, Pristovsek P, Plaper A, Jerala R : Green tea catechins inhibit bacterial DNA
gyrase by interaction with its ATP binding site. J Med Chem 2007; 50: 264-271.

Gray JA: Kinetics of the dissolution of human dental enamel in acid. J Dent Res 1962;
41: 633-645.

Halstead FD, Rauf M, Moiemen NS, Bamford A, Wearn CM, Fraise AP, Lund PA,
Oppenheim BA, Webber MA. The Antibacterial Activity of Acetic Acid against
Biofilm-Producing Pathogens of Relevance to Burns Patients. PLoS One. 2015
Sep 9; 10 (9): e0136190.

Hannig C, Attin T, Hannig M, Henze E, Brinkmann K, Zech R: Immobilisation and
activity of human alpha-amylase in the acquired enamel pellicle. Arch Oral Biol
2004; 49: 469-475.

- 89-



References

Hannig C, Basche S, Burghardt T, Al-Ahmad A, Hannig M: Influence of a mouthwash
containing hydroxyapatite microclusters on bacterial adherence in situ. Clin Oral
Investig 2013a; 17: 805-814.

Hannig C, Berndt D, Hoth-Hannig W, Hannig M: The effect of acidic beverages on the
ultrastructure of the acquired pellicle--an in situ study. Arch Oral Biol. 2009 Jun;
54(6):518-26.

Hannig C, Hannig M, Rehmer O, Braun G, Hellwig E, Al-Ahmad A: Fluorescence

microscopic visualization and quantification of initial bacterial colonization on
enamel in situ. Arch Oral Biol 2007; 52: 1048-1056.

Hannig C, Hoch J, Becker K, Hannig M, Attin T: Lysozyme activity in the initially
formed in situ pellicle. Arch Oral Biol 2005; 50: 821-828.

Hannig C, Hamkens A, Becker K, Attin R, Attin T: Erosive effects of different acids on
bovine enamel: release of calcium and phosphate in vitro. Arch Oral Biol. 2005a
Jun; 50 (6): 541-52.

Hannig C, Kirsch J, Al-Ahmad A, Kensche A, Hannig M, Kimmerer K: Do edible oils

reduce bacterial colonization of enamel in situ? Clin Oral Investig 2013c; 17: 649-
658.

Hannig C, Spitzmler B, Miller M, Hellwig E, Hannig M: Intrinsic enzymatic
crosslinking and maturation of the in situ pellicle. Arch Oral Biol 2008; 53: 416—
422.

Hannig M, Balz M: Influence of in vivo formed salivary pellicle on enamel erosion.
Caries Res 1999a; 33: 372-379.

Hannig M, Joiner A: The structure, function and properties of the acquired pellicle.
Monogr Oral Sci 2006; 19: 29-64.

Hannig M: Transmission electron microscopic study of in vivo pellicle formation on
dental restorative materials. Eur J Oral Sci 1997; 105: 422-433.

Hannig M: Ultrastructural investigation of pellicle morphogenesis at two different
intraoral sites during a 24-h period. Clin Oral Investig 1999b; 3: 88-95.

Hannig M, Hannig C. The pellicle and erosion. Monogr Oral Sci. 2014; 25: 206-14.

- 90-



References

Hannig M, Fiebiger M, Gintzer M, D&bert A, Zimehl R, Nekrashevych Y. Protective
effect of the in situ formed short-term salivary pellicle. Arch Oral Biol 2004; 49:
903-10.

Hannig M, Hess NJ, Hoth-Hannig W, De Vrese M. Influence of salivary pellicle
formation time on enamel demineralization--an in situ pilot study. Clin Oral
Investig. 2003; 7: 158-61.

Hara AT, Lussi A, Zero DT: Biological factors. Monogr Oral Sci 2006; 20: 88-99.

Hara AT, Zero DT. The potential of saliva in protecting against dental erosion. Monogr
Oral Sci. 2014; 25: 197-205.

Heller D, Helmerhorst EJ, Gower AC, Siqueira WL, Paster BJ, Oppenheim FG:
Microbial Diversity in the Early In Vivo-Formed Dental Biofilm. Appl Environ
Microbiol. 2016 Jan 8; 82 (6): 1881-8.

Hindi NK: In vitro antibacterial activity of aquatic garlic extract, apple vinegar and
apple vinegar-garlic extract combination. Am J Phytomed Clin Ther 2013; 1: 42—
51.

Hirotomi T, Yoshihara A, Ogawa H, Ito K, Igarashi A, Miyazaki H: A preliminary
study on the relationship between stimulated saliva and periodontal conditions in

community-dwelling elderly people. J Dent 2006; 34: 692-698.

Huang CB, Alimova Y, Myers TM, Ebersole JL. Short- and medium-chain fatty acids
exhibit antimicrobial activity for oral microorganisms. Arch Oral Biol. 2011 Jul;
56 (7): 650-4.

Hughes JA, West NX, Parker DM, Newcombe RG, Addy M: Development and
evaluation of a low erosive blackcurrant juice drink. 3. Final drink and
concentrate, formulae comparisons in situ and overview of the concept. J Dent,
1999; 27 (5): 345-350.

Hwang G, Koltisko B, Jin X, Koo H: Non-leachable imidazolium-incorporated
composite for disruption of bacterial clustering, exopolysaccharide matrix
assembly and enhanced biofilm removal. ACS Appl Mater Interfaces. 2017 Oct
11.

Haby N, Bjarnsholt T, Givskov M, Molin S, Ciofu O: Antibiotic resistance of bacterial
biofilms. Int J Antimicrob Agents. 2010 Apr; 35 (4): 322-32.

-91-



References

Ichijo T, Yamashita Y, Terashima T: Observations on structural features and
characteristics of biological apatite crystals. 7. Observation on lattice imperfection
of human tooth and bone crystals I1. Bull Tokyo Med Dent Univ. 1993 Dec; 40
(4): 193-205.

Imfeld T: Dental erosion. Definition, classification and links. Eur J Oral Sci 1996; 104
(2 Pt2): 151-155.

Inoue H, Ono K, Masuda W, Inagaki T, Yokota M, Inenaga K: Rheological properties

of human saliva and salivary mucins. J Oral Biosc 2008; 50: 134-141.

Jakubovics NS. Saliva as the Sole Nutritional Source in the Development of

Multispecies Communities in Dental Plaque. Microbiol Spectr. 2015 Jun; 3 (3).

Johnston, CS, Gaas CA: Vinegar: medicinal uses and antiglycemic effect. Med Gen
Med 2006; 8 (2): 61.

Joint FAO/WHO Food standards programme: Proposed Draft revised regional standard

for vinegar. In: Codex Coordinating Commission for Europe 2000.

Jones CG: Chlorhexidine: is it still the gold standard? Periodontol 2000. 1997; 15: 55-
62.

Jung DJ, Al-Ahmad A, Follo M, Spitzmuler B, Hoth-Hannig W, Hannig M, Hannig C:
Visualization of initial bacterial colonization on dentine and enamel in situ. J
Microbiol Methods 2010; 81: 166-174.

Jung HH, Cho SD, Yoo CK, Lim HH, Chae SW: Vinegar treatment in the management
of granular myringitis. J Laryngol Otol 2002; 116: 176-180.

Kajimoto O, Tayama K, Hirata H, Takahashi T, Tsukamoto Y: Effect of drink
containing vinegar on blood pressure in mildly and moderately hypertensive
subjects. J Nutr Food 2001; 4: 47-60.

Keijser BJ, Zaura E, Huse SM, van der Vossen JM, Schuren FH, Montijn RC, ten Cate
JM, Crielaard W: Pyrosequencing analysis of the oral microflora of healthy
adults. J Dent Res 2008; 87 (11): 1016-1020.

Khalil D, Hultin M, Rashid MU 3, Lund B: Oral microflora and selection of resistance
after a single dose of amoxicillin. Clin Microbiol Infect 2016; 22 (11): 949. el-
949.

-92-



References

Kinney JS, Morelli T, Braun T, Ramseier CA, Herr AE, Sugai JV, Shelburne CE,
Rayburn LA, Singh AK, Giannobile WV: Saliva/pathogen biomarker signatures
and periodontal disease progression. J Dent Res 2011; 90 (6): 752-758.

Kolenbrander PE. Oral microbial communities: biofilms, interactions, and genetic
systems. Annu Rev Microbiol. 2000; 54: 413-37.

Kondo KY, Buzalaf MA, Manarelli MM, Delbem AC, Pessan JP. Effects of pH and
fluoride concentration of dentifrices on fluoride levels in saliva, biofilm, and
biofilm fluid in vivo. Clin Oral Investig. 2016 Jun; 20 (5): 983-9.

Kreth J, Giacaman RA, Raghavan R, Merritt J: The road less traveled - defining
molecular commensalism with Streptococcus sanguinis. Mol Oral Microbiol
2017; 32 (3): 181-196.

Kroes I, Lepp PW, Relman DA: Bacterial diversity within the human subgingival
crevice. Proc. Natl Acad. Sci. USA 1999; 96: 1454714552,

Kubicek-Sutherland JZ, Heithoff DM, Ersoy SC, Shimp WR, House JK, Marth JD,
Smith JW, Mahan MJ. Host-dependent Induction of Transient Antibiotic
Resistance: A Prelude to Treatment Failure. EBioMedicine. 2015 Aug 11; 2 (9):
1169-78.

Lagerldf F, Oliveby A: Caries-protective factors in saliva. Adv Dent Res 1994; 8: 229-
38.

Latuga MS, Stuebe A, Seed PC: A review of the source and function of microbiota in
breast milk. Semin Reprod Med 2014; 32 (1): 68-73.

Lazarevic V, Whiteson K, Ga'® N, Gizard Y, Hernandez D, Farinelli L, @ster& M,
Frangis P, Schrenzel J: Analysis of the salivary microbiome using culture-
independent techniques. Journal of Clinical Bioinformatics 2012; 2 (1): 4.

Lee DS, Eom SH, Kim YM, Kim HS, Yim MJ, Lee SH, Kim DH, Je JY. Antibacterial
and synergic effects of gallic acid-grafted-chitosan with B-lactams against
methicillin-resistant Staphylococcus aureus (MRSA). Can J Microbiol. 2014 Oct;
60 (10): 629-38.

Lippert F, Butler A, Lynch RJ: Characteristics of methylcellulose acid gel lesions

created in human and bovine enamel. Caries Res 2013; 47 (1): 50-55.

- 03-



References

Lippert F, Parker DM, Jandt KD. In vitro demineralization/remineralization cycles at
human tooth enamel surfaces investigated by AFM and nanoindentation. J Colloid
Interface Sci. 2004; 280 (2): 442-8.

Lorentz TCM, Cota LOM, Cortelli JR, Vargas AMD, Costa FO. Prospective study of
complier individuals under periodontal maintenance therapy: analysis of clinical
periodontal parameters, risk predictors and the progression of periodontitis. J Clin
Periodontol. 2009; 36: 58-67.

Lu J, Wang Z, Ren M, Huang G, Fang B, Bu X, Liu Y, Guan S. Antibacterial Effect of
Gallic Acid against Aeromonas hydrophila and Aeromonas sobria Through
Damaging Membrane Integrity. Curr Pharm Biotechnol. 2016; 17 (13): 1153-
1158.

Mager DL, Ximenez-Fyvie LA, Haffajee AD, Socransky SS. Distribution of selected
bacterial species on intraoral surfaces. J Clin Periodontol. 2003 Jul; 30 (7): 644-
54.

Malhotra R, Grover V, Kapoor A, Saxena D: Comparison of the effectiveness of a
commercially available herbal mouthrinse with chlorhexidine gluconate at the
clinical and patient level. J Indian Soc Periodontol. 2011 Oct; 15 (4): 349-52.

Marcotte H, Lavoie M C. Oral microbial ecology and the role of salivary
immunoglobulin A. Microbiol Mol Biol Rev 1998; 62: 71-1009.

Marsh PD, Do T, Beighton D, Devine DA: Influence of saliva on the oral microbiota.
Periodontology 2000 2016; 70 (1): 80-92.

Marsh PD, Martin MV, Lewis MAO, Williams D: Oral microbiology. 5th ed. 2009.
London: Churchill Livingstone.

Martins C, Castro GF, Siqueira MF, Xiao Y, Yamaguti PM, Siqueira WL. Effect of
dialyzed saliva on human enamel demineralization. Caries Res. 2013; 47 (1): 56-
62.

Meurman JH, ten Cate JM: Pathogenesis and modifying factors of dental erosion. Eur J
Oral Sci. 1996 Apr; 104 (2 ( Pt 2)): 199-206.

Meyle J, Chapple I: Molecular aspects of the pathogenesis of periodontitis. Periodontol
2000 2015; 69: 7-17.

- 94-



References

Michiko Furuta and Yoshihisa Yamashita: Oral Health and Swallowing Problems. Curr
Phys Med Rehabil Rep. 2013; 1(4): 216-222.

Miklasinska M, K¢pa M, Wojtyczka RD, Idzik D, Dziedzic A, Wasik TJ. Catechin
Hydrate Augments the Antibacterial Action of Selected Antibiotics against
Staphylococcus aureus Clinical Strains. Molecules. 2016 Feb 20; 21 (2): 244.

Morales ML, Tesfaye W, Garcia-Parrilla MC, Casas JA, Troncoso AM: Evolution of
the aroma profile of sherry wine vinegars during an experimental aging in wood. J
Agric Food Chem 2002; 50: 3173-3178.

Murray PA, Prakobphol A, Lee T, Hoover Cl, Fisher SJ. 1992. Adherence of oral
streptococci to salivary glycoproteins. Infect Immun 60: 31-38.

Nakasone Y, Sato N, Azuma T and Hasumi K: Intake of black-vinegar-mash-garlic
enhances salivary release of secretory IgA: A randomized, double-blind, placebo-

controlled, parallel-group study. Biomedical Reports 2016; 5: 63-67.

Nancollas G. H. : A new model for nanoscale enamel dissolution. J. Phys. Chem. B.
2005; 109: 999-1005.

Nasidze I, Quinque D, Li J, Li M, Tang K, Stoneking M: Comparative analysis of
human saliva microbiome diversity by barcoded pyrosequencing and cloning
approaches. Anal Biochem 2009; 391 (1): 64-68.

Natera R, Castro R, Garcia-Moreno M, Hernandez M, Garcia-Barroso C: Chemometric
studies of vinegars from different raw materials and processes of production. J
Agric Food Chem 2003; 51: 3345-3351.

Netuschil L, Reich E, Unteregger G, Sculean A, Brecx M: A pilot study of confocal
laser scanning microscopy for the assessment of undisturbed dental plaque vitality
and topography. Arch Oral Biol 1998; 43: 277-285.

Nishidai S, Nakamura Y, Torikai K: Kurosu, a traditional vinegar produced from
unpolished rice, suppresses lipid peroxidation in vitro and in mouse skin. Biosci
Biotechnol Biochem 2000; 64: 1909-1914.

Nordb©OH, Darwish S, Bhatnagar RS: Salivary viscosity and lubrification: influence of
pH and calcium. Scand J Dent Res 1984; 92: 306-314.

- 95-



References

Ogawa M, Kusano T, Katsumi M, Sano H: Rice gibberellin-insensitive gene homolog,
OsGAl, encodes a nuclear-localized protein capable of gene activation at
transcriptional level. Gene 2000; 245: 21-29.

Okada H, Silverman MS: Chemotactic activity in periodontal disease. I. The role of
complement in monocyte chemotaxis. Journal of Periodontal Research 1979; 14
(1): 20-25.

Penesyan A, Gillings M, Paulsen IT. Antibiotic discovery: combatting bacterial
resistance in cells and in biofilm communities. Molecules. 2015 Mar 24; 20 (4):
5286-98.

Peterson SN, Meissner T, Su Al, Snesrud E, Ong AC, Schork NJ, Bretz WA. Functional
expression of dental plaque microbiota. Front Cell Infect Microbiol. 2014 Aug 14;
4: 108.

Pitten FA, Kramer A: Efficacy of cetylpyridinium chloride used as oropharyngeal
antiseptic. Arzneimittelforschung. 2001; 51 (7): 588-95.

Pontefract H, Hughes J, Kemp K, Yates R, Newcombe RG, Addy M: The erosive
effects of some mouthrinses on enamel. A study in situ. J Clin Periodontol 2001;
28 (4): 319-324.

Prinz JF, de Wijk RA, Huntjens L: Load dependency of the coefficient of friction of
oral mucosa. Food Hydrocolloids 2007; 21: 402-408.

Ranc H, Elkhyat A, Servais C, Mac-Mary S, Launay B, Humpert PH: Friction
coefficient and wettability of oral mucosal tissue: changes induced by a salivary
layer. Colloids Surf A: Physiochem Eng Aspect 2006a; 276: 155-161.

Ranc H, Servais C, Chauvy PF, Debaud S, Mischler S: Effect of surface structure on
frictional behaviour of a tongue/palate tribological system. Tribol Int 2006b; 39:
1518-1526.

Rathnayake N, Akerman S, Klinge B, Lundegren N, Jansson H, Tryselius Y, Sorsa T,
Gustafsson A: Salivary biomarkers of oral health: a cross-sectional study. Journal
of Clinical Periodontology 2013; 40 (2): 140-147.

Rautava S: Early microbial contact, the breast milk microbiome and child health. J Dev
Orig Health Dis 2016; 7 (1): 5-14.

- 96-



References

Ray B, Sandine WE: Acetic, propionic, and lactic acids of starter culture bacteria as
biopreservatives. In B. Ray and M Daeschel (ed. ), Food preservatives of
microbial origin. CRC Press, Boca Raton, Fla, USA 1992; 103-136.

Renvert S, Persson. Supportive periodontal therapy. Periodontol 2000. 2004; 36: 179-
195.

Rice AR, Hamilton MA, Camper AK: Movement, replication, and emigration rates of
individual bacteria in a biofilm. Microb Ecol. 2003; 45 (2):163-72.

Rios D, et al. Effect of salivary stimulation on erosion of human and bovine enamel
subjected or not to subsequent abrasion: an in situ/ex vivo study. Caries Research.
2006; 40: 218-223.

Roe AJ, Mclaggan D, Davidson I, O'Byrne C, Booth IR: Perturbation of anion balance
during inhibition of growth of Escherichia coli by weak acids. J. Bacteriol 1998;
180: 767-772.

Rosin-Grget K, Peros K, Sutej I, Basi¢ K. The cariostatic mechanisms of fluoride. Acta

Med Acad. 2013 Nov; 42 (2): 179-88.

Ruhl S, Sandberg AL, Cisar JO. 2004. Salivary receptors for the proline-rich protein-
binding and lectin-like adhesins of oral actinomyces and streptococci. J Dent Res
83: 505-510.

Ruri‘an-Henares JA, Morales FJ: Antimicrobial activity of melanoidins against
Escherichia coli is mediated by a membrane-damage mechanism. J Agric Food
Chem 2008; 56: 2357-2362.

Russell JB, Diez-Gonzalez F: The effects of fermentation acids on bacterial growth.
Adv. Microb. Physiol 1998; 39: 205-234.

Rutala WA, Barbee SL, Agular NC, Sobsey MD, Weber DJ: Antimicrobial activity of
home disinfectants and natural products against potential human pathogens. Infect
Control Hosp Epidemiol 2000; 21: 33-38.

Santos GOD, Milanesi FC, Greggianin BF, Fernandes MI, Oppermann RV, Weidlich P:
Chlorhexidine with or without alcohol against biofilm formation: efficacy,

adverse events and taste preference. Braz Oral Res. 2017 May 4; 31: e32.

-97-



References

Scannapieco FA, Torres Gl, Levine MJ. 1995. Salivary amylase promotes adhesion of

oral streptococci to hydroxyapatite. J Dent Res 74: 1360—1366.

Schipper RG, Silletti E, Vingerhoeds MH: Saliva as research material: biochemical,
physiochemical and practical aspects. Arch Oral Biol 2007; 52: 1114-1135.

Schneyer LH, Pigman W, Hanahan L, Gilmore RW. Rate of flow of human parotid,
sublingual and submaxillary secretions during sleep. J Dent Res. 1956; 35 (1):
109-14.

Scully CM: Comparative opsonic activity for streptococcus mutans in oral fluids, and
phagocytic activity of blood, cervicular, and salivary polymorphonuclear

leucocytes in rhesus monkeys. Immunology 1980; 101-107.

Sergey V Dorozhkin: Dissolution mechanism of calcium apatites in acids: A review of
literature. World J Methodol. 2012 Feb 26; 2 (1): 1-17.

Sengun 1Y, Karapinar M: Effectiveness of lemon juice, vinegar and their mixture in the
elimination of Salmonella typhimurium on carrots (Daucus carota L. ). Int J Food
Microbiol 2004; 96: 301-305.

Serino G, Rosling B, Ramberg P, Hellstrém MK, Socransky SS, Lindhe J. The effect of
systemic antibiotics in the treatment of patients with recurrent periodontitis. J Clin
Periodontol. 2001 May; 28 (5): 411-8.

Shay K: Denture hygiene: a review and update. J Contemp Dent Pract 2000; 15 (1): 28-
41.

Shen FG, Feng JX, Wang XH, Qi ZM, Shi XC, An YN, Zhang QL, Wang C, Liu MY,
Liu B, Yu L: Vinegar Treatment Prevents the Development of Murine
Experimental Colitis via Inhibition of Inflammation and Apoptosis. J Agric Food
Chem 2016; 64: 1111-1121.

Singh R, Sripada L, Singh R. Side effects of antibiotics during bacterial infection:
mitochondria, the main target in host cell. Mitochondrion. 2014 May; 16: 50-4.

Singh S, Sharma A, Sood PB, Sood A, Zaidi I, Sinha A: Saliva as a prediction tool for
dental caries: An in vivo study. Journal of Oral Biology and Craniofacial Research
2015; 5 (2): 59-64.

- 08-



References

Silva MJ, Carneiro MB, dos Anjos Pultz B, Pereira Silva D, Lopes ME, dos Santos LM:
The multifaceted role of commensal microbiota in homeostasis and
gastrointestinal diseases. J Immunol Res 2015; 2015: 321241.

Sim&n-Soro A, Tom& |, Cabrera-Rubio R, Catalan MD, Nyvad B, Mira A. Microbial
geography of the oral cavity. J Dent Res. 2013 Jul; 92 (7): 616-21.

Sirk TW, Brown EF, Sum AK, Friedman M: Molecular dynamics study on the
biophysical interactions of seven green tea catechins with lipid bilayers of cell
membranes. J Agric Food Chem2008; 56: 7750-7758.

Smith AW: Biofilms and antibiotic therapy: is there a role for combating bacterial
resistance by the use of novel drug delivery systems? Adv Drug Deliv Rev. 2005
Jul 29; 57 (10): 1539-50.

Sreenivasan PK, Haraszthy V1, Zambon JJ: Antimicrobial efficacy of 0 05%
cetylpyridinium chloride mouthrinses. Lett Appl Microbiol. 2013 Jan; 56 (1): 14-
20.

Stoodley P, Wilson S, Hall-Stoodley L, Boyle JD, Lappin-Scott HM, Costerton JW:
Growth and detachment of cell clusters from mature mixed-species biofilms. Appl
Environ Microbiol. 2001; 67 (12):5608-13.

Stratford M, Anslow PA: Evidence that sorbic acid does not inhibit yeast as a classic
‘weak acid preservative'. Lett. Appl. Microbiol 1998; 27: 203-206.

Taguri T, Tanaka T, Kouno I: Antibacterial spectrum of plant polyphenols and extracts
depending upon hydroxyphenyl structure. Biol Pharm Bull 2006; 29: 2226-2235.

Ten Cate JM, Arends J: Remineralization of artificial enamel lesions in vitro: lll. A
study of the deposition mechanism. Caries Res 1980; 14 (6): 351-358.

Theilade E: The non-specific theory in microbial etiology of inflammatory periodontal
diseases. J Clin Periodontol 1986; 13: 905-911.

US Food and Drug Administration. Acetic Acid - Use in Foods. Available at: http:
Ilwww. fda. gov/ora/compliance_ref/cpg/cpgfod/cpg562-100. html. Accessed
March 9, 2006.

- 90-



References

Van Acker H, Van Dijck P, Coenye T. Molecular mechanisms of antimicrobial
tolerance and resistance in bacterial and fungal biofilms. Trends Microbiol. 2014
Jun; 22 (6): 326-33.

van 't Hof W, Veerman EC, Nieuw Amerongen AV, Ligtenberg AJ. Antimicrobial
defense systems in saliva. Monogr Oral Sci. 2014; 24: 40-51.

Veerman ECI, Valentijn-Benz M, Nieuw Amerongen AV: Viscosity of human salivary
mucins: effect of pH and ionic strength and role of sialic acid. J Biol Buccale
1989; 17: 297-306.

Vranakis |, Goniotakis I, Psaroulaki A, Sandalakis V, Tselentis Y, Gevaert K, Tsiotis G.
Proteome studies of bacterial antibiotic resistance mechanisms. J Proteomics.
2014 Jan 31; 97: 88-99.

Wake N, Asahi Y, Noiri Y, Hayashi M, Motooka D, Nakamura S, Gotoh K, Miura J,
Machi H, lida T, Ebisu S. Temporal dynamics of bacterial microbiota in the
human oral cavity determined using an in situ model of dental biofilms. NPJ
Biofilms Microbiomes. 2016 Aug 10; 2: 16018.

Wang WG, Cao W, Zhu XS: Determination of organic acids in vinegar and difference

analysis. Food Fermentation Technol 2013; 49: 81-85.

Watanabe K, Blew B, Scherer M, Burke J, Koh G, Block C, Ramakrishnan V, Frommel
TO: CD11b mRNA expression in neutrophils isolated from peripheral blood and
gingival crevicular fluid. Journal of Clinical Periodontology 1997; 24 (11): 814-
822.

Waterman HA, Blom C, Holterman HJ, 's-Gravenmade EJ, Mellema J: Rheological
properties of human saliva. Arch Oral Biol 1988; 33: 589-596.

Wegehaupt FJ, Gries D, Wiegand A, Attin T: Is bovine dentine an appropriate substitute
for human dentine in erosion/abrasion tests? J Oral Rehabil 2008; 35: 390-394.

Wetton S, Hughes J, Newcombe RG, Addy M: The effect of saliva derived from
different individuals on the erosion of enamel and dentine. A study in vitro. Caries
Res. 2007; 41 (5): 423-426.

White AJ, Yorath C, ten Hengel V, Leary SD, Huysmans MC, Barbour ME: Human and
bovine enamel erosion under “single—drink” conditions. European Journal of

Oral Sciences 2010; 118 (6): 604-6009.
- 100-



References

Wiegand A, Bliggenstorfer S, Magalhaes AC, Sener B, Attin T. Impact of the in situ
formed salivary pellicle on enamel and dentine erosion induced by different acids.
Acta Odontol Scand. 2008 Aug; 66 (4): 225-30.

Wikner S, Séler P-O. Factors associated with salivary buffering capacity in young
adults in Stockholm, Sweden. Scand J Dent Res 1994; 102: 50-3.

Willershausen I, Weyer V, Schulte D, Lampe F, Buhre S, Willershausen B. In vitro
study on dental erosion caused by different vinegar varieties using an electron
microprobe. Clin Lab. 2014; 60 (5): 783-90.

Willner D, Furlan M, Schmieder R, Grasis JA, Pride DT, Relman DA, Angly FE,
McDole T, Mariella RP Jr, Rohwer F, Haynes M: Metagenomic detection of
phage-encoded plateletbinding factors in the human oral cavity. Proc Natl Acad
Sci USA 2011; 108 (1): 4547-4553.

Wingender J, Jaeger KE: Extracellular enzymes in biofilms. In: Encyclopedia of
Environmental Microbiology 2002; 3: 1207-1223.

Wingender J, Volz S, Winkler UK: Interaction of extracellular Pseudomonas lipase with
alginate and its potential use in biotechnology. Applied Microbiology and
Biotechnology 1987; 27: 139-145.

Woof JM and Kerr MA: The function of immunoglobulin A in immunity. J Pathol
2006; 208: 270-282.

Woof JM and Mestecky J: Mucosal immunoglobulins. Immunol Rev 2005; 206: 64-82.

Xiao F, Zheng J, Zhou ZR, Qian LM: In-vitro erosion of human tooth enamel.
Tribology 2009; 29 (2): 163-167.

Xu X, He J, Xue J, Wang Y, Li K, Zhang K, Guo Q, Liu X, Zhou Y, Cheng L: Oral
cavity contains distinct niches with dynamic microbial communities. Environ.
Microbiol. 2015; 17: 699-710.

Yoda Y, Hu ZQ, Zhao WH, Shimamura T: Different susceptibilities of Staphylococcus
and Gram-negative rods to epigallocatechin gallate. J Infect Chemother 2004; 10:
55-58.

- 101-



References

Zhang H, Jung J, Zhao Y. Preparation, characterization and evaluation of antibacterial
activity of catechins and catechins-Zn complex loaded B-chitosan nanoparticles of
different particle sizes. Carbohydr Polym. 2016 Feb 10; 137: 82-91.

Zhao W, Yang S, Huang Q, Cai P: Bacterial cell surface properties: Role of loosely
bound extracellular polymeric substances (LB-EPS). Colloids Surfaces B
Biointerfaces 2015; 128: 600-607.

Zussman E, Yarin AL, Nagler RM: Age- and flow-dependency of salivary
viscoelasticity. J Dent Res 2007; 86: 281-285.

- 102-



7 Acknowledgement

First of all, I would like to sincerely express my gratitude and respect to my doctor father-
--- Prof. Dr. Matthias Hannig for all the efforts and supports in accomplishing this study.
He perfectly guided the project with his immense knowledge and keen insight. Without

his help, this dissertation would hardly be possible.

Secondly, | would like to thank Mr. Norbert Pz, who showed the best kindness and

expert advice for scanning electron microscopy.

Special thanks go to Dr. Miryam Hernandez and Dr. Lilia Lemke for the enthusiastic help.
Also, | am grateful to Mr. Bashar Reda for his skillful assistance in the fluorescence
microscopy. My sincere acknowledges also go to Dr. Bin Qu and Dr. Xianshu Bai for
their great help on excellent images. | appreciate the help from Dr. Natalia Umanskaya,
Dr. Simone Trautmann, Dr. Johanna Dudek, Mrs. Nazife Yazdani, Ms. Belinda K&nig,
Mrs. Cintia Nobre, Mr. Kevin Zenner, and Mrs. Bergit Leis for their supportive
discussions and suggestions.

In addition, 1 would also express my appreciation to all my volunteers for their

participation in the experiment.

This dissertation has been supported in part by the German Research Foundation (DFG,
SFB 1027).

Last but not the least; | am thankful and grateful to my parents for their unconditional

love and spiritual support.

- 108-



