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Chapter 4 

Mouthrinses influence bond stiffness and detachment of oral 
bacteria 
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ABSTRACT 

Oral biofilm can never be fully removed by any oral hygiene measure. Biofilm-left-
behind after brushing is often left behind on the same sites and exposed multiple 
times to antimicrobials from toothpastes and mouthrinses, after which its removal 
becomes increasingly difficult. Based on this observation, we hypothesize that oral 
bacteria adhering to salivary-conditioning films become more difficult to remove 
after exposure to antimicrobials due to stiffening of their adhesive bond. In order to 
verify this hypothesis, bacteria adhering to bare and saliva-coated glass were 
exposed to three different mouthrinses (containing: chlorhexidine-digluconate, 
cetylpiridinium-chloride or amine-fluoride), after which bacterial vibration 
spectroscopy was carried out or a liquid-air interface was passed over the adhering 
bacteria to stimulate their detachment. We first determined Brownian motion-
induced nanoscopic vibration amplitudes of four oral streptococcal strains, reflecting 
their bond stiffness. Exposure to either of the selected mouthrinses yielded more 
positively charged bacteria by particulate microelectrophoresis, exhibiting smaller 
vibration amplitudes due to stiffening of their adhesive bond. Concurrently, the 
percentage detachment of the adhering bacteria upon the passage of a liquid-air 
interface decreased after exposure to mouthrinses. A buffer control left both 
vibration amplitudes and detachment percentages unaffected. To rule out that 
exposure of adhering bacteria to the mouthrinses stimulated polysaccharide 
production with an impact on their detachment, Fourier-transform-infrared-
spectroscopy was carried out on bacteria adhering to an internal reflection element, 
prior to and after exposure to the antimicrobials. IR absorption band areas indicated 
no change in amount of polysaccharides after exposure of adhering bacteria to 
mouthrinses, but wave number shifts demonstrated stiffening of polysaccharides in 
the bond, as a result of which vibration amplitudes decreased and detachment 
became more difficult. These findings confirm our hypothesis that adhesive bond 
stiffening between oral bacteria and surfaces occurs upon exposure to oral 
antimicrobials leading to more difficult removal of the adhering bacteria. 

  



57 
 

INTRODUCTION 

Despite major improvements in the design of toothbrushes and other mechanical 
means to remove oral biofilm and advanced antibacterial toothpaste and mouthrinse 
formulations, complete removal of oral biofilm is beyond reach for most people. On 
estimate, maximally 57% of oral biofilm is removed in a single powered brushing.1 
Whereas on one hand, oral biofilm left-behind has been demonstrated to act as an 
intra-oral reservoir for fluorides2 and antimicrobials,3 biofilm even when comprised 
of dead bacteria, also serves as a substratum for new bacteria to adhere to.4 Biofilm-
left-behind after brushing is often left behind on the same sites in the oral cavity and 
exposed multiple times to oral antimicrobials from toothpastes and mouthrinses. 
Staphylococcal biofilms are known to become more difficult to remove after 
exposure to certain antimicrobials5 and also older oral biofilms are said to be more 
difficult to remove.6 

Both adhesion of oral biofilm to hard and soft tissues, as well as the cohesion of oral 
biofilm is established through attractive Lifshitz-Van der Waals forces, complemented 
with acid-base and electrostatic interactions, the latter implying an impact of ionic 
strength.7, 8 Biofilm is attached to oral surfaces through the bond of initial colonizers 
with the substratum surfaces. This bond is not rigid, but viscoelastic in nature which 
offers protection against mechanical challenges.9 The viscoelastic nature of the bond 
becomes evident from Brownian motion-induced nanoscopic vibrations exhibited by 
adhering bacteria.10 Brownian motion forces drive an adhering bacterium away from 
its equilibrium position after which it is pulled back by the elastic component of the 
bond while movement is retarded by the viscous bond component. The existence of 
Brownian motion-induced vibrations has been described for inert polystyrene 
particles11 and red blood cells12 but has been neglected hitherto for adhering bacteria. 
Yet, bacterial vibration spectroscopy has revealed interesting features with respect 
to the viscoelasticity of the adhesive bond between bacteria and surfaces. Increasing 
densities of fibrillar surface appendages and amounts of extra-cellular polymeric 
substances for instance, lead to lower vibration amplitudes, i.e. larger spring 
constants of the bond.10 

In this paper, we hypothesize that oral bacteria adhering to salivary conditioning films 
become more difficult to remove after exposure to antimicrobials due to stiffening 
of the adhesive bond. In order to verify this hypothesis, we first aim to determine 
Brownian motion-induced nanoscopic vibration amplitudes, reflecting the bond 
elasticity, of four oral bacterial strains adhering on bare and saliva-coated glass 
surfaces and relate these vibration amplitudes with the percentage detachment of 
the adhering bacteria upon application of an externally applied force, constituted by 
a passing liquid-air interface.13 Adhering bacteria were exposed to three different 
oral mouthrinses, containing either chlorhexidine-digluconate, cetylpyridinium-
chloride or amine-fluoride, after which bacterial vibration spectroscopy was carried 
out or a liquid-air interface was passed over the adhering bacteria to stimulate their 
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detachment. In addition, changes in bacterial cell surface charge and bond 
composition were measured using particulate microelectrophoresis and attenuated 
total reflectance Fourier transform infrared spectroscopy (ATR-FTIR), respectively. 

 

MATERIALS & METHODS 

Bacterial Strains and Culture Conditions 

Four oral bacterial strains were involved in this study: Streptococcus mutans 
ATCC10449, Streptococcus mutans ATCC 25175, Streptococcus oralis ATCC 35037 and 
Streptococcus sanguinis ATCC 10556. S. mutans ATCC10449 were cultured aerobically 
at 37°C on brain-heart infusion broth (BHI; OXOID, Basingstoke, United Kingdom) agar 
plates, while S. mutans ATCC25175, S. oralis ATCC35037 and S. sanguinis ATCC 10556 
bacteria were cultured on Todd Hewitt broth (THB; OXOID, Basingstoke, United 
Kingdom) agar plates. Single colonies were selected and used to inoculate 10 mL BHI 
or THB liquid medium and this pre-culture was grown for 24 h at 37°C. Each pre-
culture was used to inoculate a main-culture in 190 mL medium for another 16 h 
under identical conditions. Bacteria were harvested by centrifugation (5000 g, 5 min, 
10°C) and washed twice with buffer (0.50 mM potassium chloride, 0.02 mM 
potassium phosphate and 0.01 mM calcium chloride, pH 6.8). To break aggregates, 
bacterial suspensions were sonicated at 30 W while cooling in an ice/water bath. 
Finally, S. mutans ATCC10449, S. mutans ATCC 25175 and S. oralis ATCC 35037 were 
suspended in buffer to a concentration of 3 × 108 bacteria per mL as determined 
using a Bürker-Türk counting chamber. S. sanguinis ATCC 10556 was suspended in a 
lower concentration (3 × 106 bacteria per mL), because the strain adheres in much 
higher numbers than the other three strains selected. 

Antimicrobials 

Three commercially purchased mouthrinses were used, containing 2000 ppm 
chlorhexidine digluconate (CHX; Corsodyl® , SmithKline Beecham Consumer Brands 
B.V., Rijswijk, The Netherlands), 200 ppm cetylpyridinium chloride (CPC; Crest® Pro 
Health, Procter & Gamble, Cincinnati, USA) or 250 ppm Olaflur (AmF; Elmex® , Gaba, 
Lorrach, Germany).  

Glass Substratum and Adsorption of a Salivary Conditioning Film 

Experiments were done on glass slides (7.6 × 2.6 × 0.1 cm, Menzel-Glaser, Menzel 
Gmbh& Co KG, Germany) and glass slides with an adsorbed salivary conditioning film 
to mimic saliva-coated enamel. Enamel surfaces were impossible to use in bacterial 
vibration spectroscopy and although glass is slightly more hydrophilic than enamel, 
studies have shown that once coated with a salivary film it behaves similar with 
respect to interactions with oral bacteria as do saliva-coated enamel surfaces.14 
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Saliva was prepared from a stock of human whole saliva from at least 20 healthy 
volunteers of both genders, collected into ice-cooled beakers after stimulation by 
chewing Parafilm®,15 and subsequently pooled, centrifuged, dialyzed and lyophilized 
for storage. Prior to lyophilization, phenylmethyl sulfonyl fluoride was added to a 
final concentration of 1 mM as a protease inhibitor in order to reduce protein 
breakdown. Freeze-dried saliva (1.5 mg/mL) was dissolved in a high ionic strength 
buffer (50 mM potassium chloride, 2 mM potassium phosphate and 1 mM calcium 
chloride, pH 6.8) and will be referred to in this chapter as “saliva”. All volunteers gave 
their informed consent to saliva donation, in agreement with the guidelines set out 
by the Medical Ethical Committee at University Medical Center Groningen, 
Groningen, The Netherlands (letter 06-02-2009). Prior to salivary protein adsorption, 
glass slides were cleaned in 2% RBS (Chemical Products R. Borghgraef S.A., Brussels, 
Belgium) in an ultrasonic bath and rinsed with methanol and water. For experiments 
on saliva-coated glass surfaces, cleaned glass slides were immersed in saliva for 18 h 
at 4°C to create a salivary conditioning film and rinsed in buffer. All glass slides were 
used for experiments immediately after cleaning or formation of a salivary 
conditioning film. 

Detachment of Adhering Bacteria 

Bacterial detachment was measured in a parallel plate flow chamber (175 × 17 × 0.75 
mm) with the top and bottom plate made out of glass slides positioned on the stage 
of a phase contrast microscope (BH2-RFCA, Olympus Optical Co.,Tokyo, Japan), 
equipped with a CCD camera (A101F, Basler AG, Ahrensburg, Germany) for real time 
observation of adhering bacteria. Before each experiment, all tubes and flow 
chamber were filled with buffer. After removal of all air bubbles from the tubings and 
flow chamber, a bacterial suspension was perfused through the system at a shear 
rate of 10 s-1 for 1 h at room temperature. 10 s-1 represents a moderate oral shear.16 
Subsequently, medium was perfused through the system for 2 h to stimulate 
metabolic activity of the adhering bacteria after which buffer was perfused through 
the system at the same shear rate of 10 s-1 to remove all planktonic bacteria. To 
expose the adhering bacteria to antimicrobials, the chamber was perfused with 
different mouthrinses for 1 min or buffer as a control, rinsed with buffer for 15 min 
after which an 0.5 mL air bubble, spanning the width of the flow chamber was 
injected in the tube with the aid of a syringe and passed over the substratum surface 
along with the flow. The number of adhering bacteria just before and after air bubble 
passage was enumerated using a home-made image analysis program based on 
Matlab (Matlab, The MathWorks, Natick, MA) and used to calculate a percentage 
bacterial detachment. 

Bacterial Vibration Spectroscopy 

For bacterial vibration spectroscopy, bacteria were allowed to adhere to the bottom 
plate of the parallel plate flow chamber as described above, including exposure to 
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mouthrinses or the buffer control, after which flow was arrested for 15 min and 
bacterial vibration amplitudes were measured under stagnant conditions. Sixty 
consecutive images per second were recorded of adhering bacteria over a total time 
period of 33 s (1998 frames). Next to recording the bacterial positions, the position 
of a fixed black marker on the glass slide was recorded. Along the lines of equal pixel 
grey-values within the image of a single bacterium, a series of concentric elliptic 
contour lines were constructed, the center position of which was defined as the 
temporary position of the bacterium. The variation in positions observed over time 
served to analyze their trajectory and vibration amplitudes. As an example, typical 
vibration trajectories observed are shown in Figure 1 after 50, 100, 1000 and 1998 
frames. The corresponding distributions of displacements were shown below the 
trajectories, the origin of which was defined as the average bacterial position 
observed within 1998 frames. The distribution of bacterial positions over time within 
1998 frames was fitted to a Gaussian distribution. The vibration amplitude of an 
adhering bacterium was taken as the half width at half maximum (Figure 1) of this 
Gaussian distribution. Next, in order to account for possible vibrations of the building 
or microscope, the vibration amplitude of the fixed marker was subtracted from the 
uncorrected vibration amplitude calculated for adhering bacteria to yield the 
bacterial vibration amplitudes reported. All vibration amplitudes presented, 
represent the average of bacterial vibration amplitudes from three experiments with 
separate bacterial cultures, each comprising analysis of the vibrations of at least 10 
randomly selected bacteria.  

Attenuated Total Reflectance Fourier Transform Infrared Spectroscopy 

ATR-FTIR spectroscopy (Cary 600 series FT-IR Spectrometer, Agilent Technologies, 
Santa Clara, USA) was carried out to analyze changes in chemical composition of the 
bond. The ATR-FTIR spectrometer used is equipped with a flow chamber, of which 
one wall is constituted by a Germanium internal reflection element with an angle of 
incidence of 45 degrees (Agilent Technologies). Bacteria were allowed to adhere to 
the reflection element as described above, after which absorption spectra were 
collected over the wavelength range of 4500 cm− 1 to 400 cm− 1. Each sample was 
scanned 12 times with 4 cm− 1 resolution. One series of spectra was taken 30 min 
after the last buffer perfusion, while another series of spectra was taken after 
mouthrinse exposure and buffer rinse. A background scan representing the internal 
reflection element in buffer was subtracted from the spectra taken for the adhering 
bacteria. Next, a Gaussian curve was fitted through the polysaccharide absorption 
band and wave number of the fitted peak was determined. The polysaccharide 
absorption band area was determined by an integral calculus of the area under the 
curve.   
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Figure 1. Time series of spatial positions and trajectories of S. mutans ATCC25175 in buffer on 
glass. Time frames for the consecutive figures were 50, 100, 1000 and 1998 frames, 
corresponding to 0.83, 1.66, 16.66 and 33.3 s. Positions of a single adhering bacterium were 
plotted in histograms, along with the positions of a fixed black marker on the substratum to 
yield the distribution histograms presented in the bottom row. The displacement distribution 
observed after 1998 frames fitted well with a Gaussian distribution, the half width at half 
maximum was taken as the uncorrected vibration amplitude of an adhering bacterium. All 
vibration amplitude reported in this paper are corrected for building vibrations by subtracting 
the vibration amplitude of the fixed black marker, which were in the present example very 
small relative to the bacterial vibration amplitude.  

 

Particulate Microelectrophoresis   

Zeta potentials of the four bacterial strains were determined by particulate 
microelectrophoresis (Zetasizer nano-ZS, Malvern Instruments, Worcestershire, UK) 
in buffer. To determine the zeta potentials of bacteria after exposure to 
antimicrobials, 30 mL of each mouthrinse or a buffer control was added during the 
first washing step after culturing, removing the mouthrinse components during the 
next washing and harvesting (see above). Next the electrophoresis chamber was 
filled with a bacterial suspension and electrophoretic mobilities measured. 
Eletrophoretic mobilities were expressed in zeta potentials, assuming the Helmholtz-
Smoluchowski equations holds.17 All zeta potentials reported represent averages 
over triplicate experiments with separately cultured bacteria. 

Statistics 

All experiments were performed in triplicate with separately prepared bacterial 
cultures. All data are presented as means ± standard deviations. A Student t-test was 
used to analyze the significance of differences between experimental groups. 
Differences between data sets were considered significant when the P-value was < 
0.05. 
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RESULTS 

All bacterial strains involved in this study possessed a negative zeta potential that 
became more positive upon exposure to oral mouthrinse components across all four 
strains (Table 1). A CHX containing mouthrinse had the smallest effect on bacterial 
zeta potentials, while exposure to the AmF containing mouthrinse compensated the 
negative zeta potential most strongly, regardless of the strain considered. 

 

Table 1. Zeta potentials of the four bacterial strains included in this study as measured in 
buffer (0.5 mM potassium chloride, 0.02 mM potassium phosphate and 0.01 mM calcium 
chloride, pH 6.8) prior to and after exposure to mouthrinses with selected oral antimicrobials. 
For control, bacteria were exposed to buffer. Exposure to oral antimicrobials yielded 
significantly less negative zeta potentials as compared with exposure to buffer for all four 
strains at p ˂ 0.05 (Student t-test). 

Bacterial strains 

Adhesion 
buffer 

[mV] 

CHX 

[mV] 

CPC 

[mV] 

AmF 

[mV] 

S. oralis ATCC35037 -33 ± 6 -21 ± 6 -3 ± 4 -8 ± 3 

S. sanguinis ATCC10556 -21 ± 3 -12 ± 3 -5 ± 3 -5 ± 8 

S. mutans ATCC25175 -35 ± 1 -23 ± 3 1 ± 8 -8 ± 3 

S. mutans ATCC10449 -34 ± 3 -22 ± 2 -30 ± 2 -1 ± 6 

 

 

Bacteria prior to exposure to mouthrinses exhibited the largest vibration amplitudes 
up to 80 nm (Figure 2), while after mouthrinse exposure vibration amplitudes were 
generally lower than 10 nm. Exposure to mouthrinses had strong effects on bacterial 
detachment upon passing a liquid-air interface over the adhering bacteria, both 
when adhering to bare glass as well as when adhering to a salivary conditioning film. 
The percentage bacterial detachment increased with Brownian motion-induced 
bacterial vibration amplitudes for bacteria adhering to bare glass and salivary 
conditioning films. This indicates that Brownian motion forces assist bacterial 
detachment. Note that the influence of vibration amplitude on bacterial detachment 
was less pronounced for bacteria adhering to a salivary conditioning film than for 
bacteria adhering to bare glass (compare Figures 2a and 2b). LIVE-DEAD staining of 
adhering bacteria after exposure to mouthrinses and microscopic examination 
showed bacterial cell wall damage (red-staining),18 but bacteria remained 
microscopically intact, regardless of the strain or mouthrinse considered (data not 
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shown). 

ATR-FTIR absorption spectra showed the most prominent changes upon exposure of 
adhering bacteria in the polysaccharide wave number region (873-1200 cm-1) and the 
protein wave number region including the Amide II (1498-1589 cm-1) and Amide I 
(1589-1700 cm-1) absorption bands (see Figure 3 for an example). Despite significant 
changes in Amide II and Amide I absorption bands, no consistent pattern was 
observed and therefore the remainder of our analysis of the ATR-FTIR spectra is 
confined to the polysaccharide absorption band region. Note that due to 
experimental restrictions, ATR-FTIR cannot be done on glass surfaces but necessarily 
has to be carried out on a Ge internal reflection element, while detachment 
percentages were determined on glass. However, both glass and Ge surfaces are 
negatively charged with a similar hydrophilicity19, 20 and there is no reason to assume 
that effects of exposure to mouthrinses will have different effects on the bond when 
formed with Ge or glass. Both on bare as well as on saliva-coated reflection elements, 
polysaccharide absorption band areas remained similar upon exposure to 
mouthrinses, indicating that the prevalence of polysaccharides in the interfacial 
region between an adhering bacterium and the substratum did not change upon 
mouthrinse exposure (Figures 4a and 4b). In contrast, the wave number of the 
polysaccharide absorption bands increased considerably by 14-56 cm-1, depending 
on the strain and mouthrinse used. Upward wave number shifts of IR absorption 
bands are indicative of increased stiffening of the molecular group under 
consideration. Accordingly, smaller upward shifts in wave number of the 
polysaccharide absorption bands correlated with higher bacterial detachment 
percentages (Figures 4c and 4d), indicating that less polysaccharide bond stiffening 
yields more detachment. Note that the correlation between wave number shift and 
bacterial detachment holds both for bare glass surfaces (Figure 4c) as well as for an 
adsorbed salivary film (Figure 4d). 
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Figure 2. Vibration amplitudes (log-units) of adhering bacteria as a function of detachment 
percentages observed for four bacterial strains after exposure to three different mouthrinses, 
containing selected antimicrobials and a buffer control as a function of the percentage 
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detachment stimulated by a passing liquid-air interface. The inset schematically explains how 
the passage of a liquid-air interface over an adhering bacterium can yield bacterial 
detachment.13 If the total surface tension force Fγ resulting from the liquid-air interfacial 
tension γlv acting over the circumference of an adhering bacterium exceeds the adhesion 
force FA, an adhering bacterium will detach under the influence of a passing liquid-air 
interface. Note that during passage, the height where the surface tension acts, differs and 
hence the circumference over which it acts. Also, effects will depend on the hydrophobicity 
of the cell surface, expressed in the graph by the contact angle Θ. 

(a) detachment from a bare glass substratum (linear correlation coefficient 0.60), 

(b) detachment from a salivary conditioning film (linear correlation coefficient 0.15).  

For vibration amplitude measurements, three experiments were done with separately 
cultured bacteria, each experiment comprising a minimum of 10 randomly selected adhering 
bacteria. The solid line shows the prediction line of the correlation based on an assumed 
linear regression and the dashed lines represent the 95% confidence interval. Vertical error 
bars indicate standard deviations over 30 different bacteria from three experiments with 
separately grown cultures, while horizontal error bars represent the standard deviations over 
triplicate experiments with separate bacterial cultures.   

 

 

 

Figure 3. Example of an FTIR spectrum of S. sanguinis ATCC10556 adhering to an ATR internal 
reflection element prior to and after exposure to an cetylpyridinium chloride containing 
mouthrinse over the wave length range comprising the most important changes in absorption 
peaks. 
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Figure 4. Percentage detachment of different oral bacterial strains from bare glass surfaces 
and glass surfaces with an adsorbed salivary film as a function of the polysaccharides 
absorption band area (a and b) and wave number (c and d) upon exposure buffer and to 
mouthrinses comprising different antimicrobials. A higher wave number means a shift in the 
polysaccharide bonds to “stiffer” bonds upon exposure. 

Polysaccharide absorption band area versus bacterial detachment:  

(a) from a bare glass substratum (linear correlation coefficient 0.17), 

(b) from a salivary conditioning film (linear correlation coefficient 0.22).  

Polysaccharide absorption band wave number versus bacterial detachment: 

(c) from a bare glass substratum (linear correlation coefficient 0.78), 

(d) from a salivary conditioning film (linear correlation coefficient 0.71).  

The solid line shows the prediction line of the correlation based on an assumed linear 
regression and the dashed lines represent the 95% confidence interval. Error bars indicate 
standard deviations over three experiments with separately grown cultures. 

 

 
DISCUSSION 

The results presented confirm our hypothesis that oral bacteria adhering to salivary 
conditioning films become more difficult to remove after exposure to antimicrobials 
due to stiffening of the polysaccharide bond. Stiffening of the bond was inferred from 
bacterial vibration spectroscopy and ATR-FTIR, while particulate 
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microelectrophoresis showed that bond stiffening is caused probably by adsorption 
of positively charged moieties from the mouthrinses to the bacterial cell surface. We 
chose to use a passing liquid-air interface as a stimulus for detachment of adhering 
bacteria, as also occurring during non-contact powered tooth brushing,21 use of a 
water floss22 and as a result of naturally passing fluids and salivary flow in the oral 
cavity. Although amide bonds were also affected by exposure of adhering bacteria to 
mouthrinses, no consistent patterns in amide bond changes with respect to bacterial 
detachment were found. This concurs with the general notion that EPS, most notable 
polysaccharides govern the ease of bacterial detachment from surfaces.23-26 
Enhanced EPS production by adhering staphylococci as a defense action against 
antibiotics was observed,27 but absence of any changes in IR absorption band areas 
due to mouthrinse exposure indicate no such effects for the strains used here. The 
bacteria cannot produce any EPS because they are not exposed to growth media. 
This confirms that a more difficult detachment of adhering bacteria is due to 
polysaccharide bond stiffening and not to increasing amounts of EPS produced upon 
mouthrinse exposure. 

Zeta potentials as compiled in Table 1 clearly indicate that exposure to the CHX 
containing mouthrinse yields less negative charge compensation in the outermost 
bacterial surface17 than observed after exposure to CPC or AmF containing 
mouthrinses. CHX differs from the two cationic antimicrobials CPC and AmF in the 
position of the positive charge on the molecule. Both AmF and CPC have their charges 
at the end of the molecule, making them more stoichiometrically available than CHX 
which has its positive charge in the center of the molecule. Although exposure of the 
adhering bacteria to the mouthrinses yielded cell wall damage, often interpreted as 
cell death, this is of little importance in the context of the present study. Bacterial 
cell surfaces become more positively charged upon exposure to the mouthrinses 
whether killed or not (bacterial death is hard if not impossible to demonstrate 
anyway),28 but visibly intact, cell wall damaged bacteria remain adhering to the 
substratum surfaces acting as a substratum for new bacteria to adhere to.4 Being 
dead or alive has no impact on Brownian motion-induced vibrations, that depend 
solely on the thermal energy a colloidal particle possesses causing its random motion, 
that is restricted for adhering particles on a surface by the elasticity of the bond. 
Elastic forces opposing Brownian motion forces therewith control the amplitude of 
the vibrations which were previously found for biotic12,10 as for abiotic ones.11 It is 
likely that not only polysaccharides in the outermost bacterial cell surfaces are 
affected by exposure to mouthrinse components, but also polysaccharides in deeper 
cell wall layers, since ATR-FTIR with a far larger depth of information in the micro-
meter range than particulate microelectrophoresis,17 showed clear effects on 
polysaccharide stiffness as inferred from IR wave number shifts. 
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CONCLUSIONS 

In conclusion, we have demonstrated using bacterial vibration spectroscopy and ATR-
FTIR that oral bacteria adhering to salivary conditioning films become more difficult 
to remove after exposure to antimicrobial containing mouthrinses due to stiffening 
of the polysaccharide bond as caused by both adsorption of positively charged 
moieties from the mouthrinses to the bacterial cell surface. 
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