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We present an experimental study to understand how carbonation of liquid effects oral lubrication mechanisms 
and hence mouthfeel. Friction was measured in a compliant PDMS-glass contact simulating the tongue-palate 
interface, and fluorescence microscopy was used to visualise both the flow of the carbonated liquid and also 
the salivary film (pellicle). Carbonation causes CO2 cavities to form at the contact interface, which limit the 
flow of liquid and thus reduces the hydrodynamic pressure generated by the sliding motion. During mixed 
lubrication, when the fluid film thickness is comparable to the surface roughness, this pressure reduction results 
in large increases in friction. 
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1. Introduction 

     Carbonated beverages are widely regarded as eliciting 
a pleasurable taste and are thus popular with consumers 
around the world. In the US alone, it is estimated that 
$80.6 billion worth of carbonated products were sold in 
2016 (Beverage Digest, 2017). The formation and growth 
of CO2 bubbles in beverages including soft drinks, beer 
and sparkling wine, can have a considerable effect on 
flavour release and taste perception as demonstrated, for 
instance, by bubble size playing a key role in the 
assessment of a Champagne wine. Observations under 
static conditions [1], suggest there are three phases of a 
bubble’s life (nucleation, rise and burst) and two 
mechanisms for bubble formation (homogeneous and 
heterogeneous nucleation of bubbles). 
      Mouth friction is dominated by thin films of surface-
active species within saliva, a highly complex mixture of 
proteins with non-Newtonian, viscoelastic behaviour 
which also bind to the oral mucosa. 

2. Methods 

A loading system was designed and built to simulate 
the whole mouth saliva (WMS) oral lubrication, allowing 
the interfacial pressure to be varied and the contacting 
interface to be viewed by a custom-built laser induced 
fluorescence (LIF) microscope. The microscope was 
located beneath the sliding contact and focused through 
the transparent PDMS and supporting disc and onto the 
salivary film (Figure 1). 

 
Figure 1 – (a) Schematic representation of the oral mimic visualisation 
setup; (b) photograph of modified CETR UMT2 tribometer; (c) 
schematic of fluorescent microscope set up; (d) contact images  

 

Two different sets of tests were run throughout this 
study: i) initial Stribeck curves (varying speed while 
measuring the variation in friction) to assess the impact 
of carbonation on oral tribology; these friction tests were 
performed simultaneously with fluorescence tests to help 
understand the bubble’s nucleation and growth behaviour 
as well as their location around contact entrainment, and 
ii) fluorescence tests to visually monitor the in-contact 
build-up of a salivary protein film and its subsequent 
breakdown following the introduction of carbonated and 
non-carbonated beverages on the breakdown. 

Figure 2 shows the friction versus speed behaviour of 
the contact lubricated by carbonated and non-carbonated, 
deionised water. 

 
Figure 2 – Friction vs. speed curve for contact lubricated with DIW.  
Insets show fluorescence microscopy images of the sliding contact. 

3. Discussion 

These findings are aimed at making key steps towards the 
understanding of beverage refreshment mechanisms, by 
showing how carbon dioxide can be used to control both 
the hydrodynamic salivary film, as well as the more 
noteworthy protein boundary film removal.  In addition, 
the protein behaviour shown in this presentation 
demonstrates that this type of tests, where both friction 
and fluorescence intensity are simultaneously monitored, 
can be an effective means of studying the behaviours of 
different beverage and food (a future study) constituents. 
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