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Abstract 
Breath analysis is a challenging task for chemical sensors as single tracers need to be detected 
selectively down to low parts-per-billion (ppb) concentrations. Here, I will present recent achievements 
of flame-aerosol technology on selective sensing material design and showcase a breath study with 
Si-doped WO3 acetone sensors for fat burn monitoring. In specific, this sensor was tested on 20 
volunteers during exercise and rest to measure their individual breath acetone concentrations in good 
agreement to proton transfer reaction time-of-flight mass spectrometry (PTR-TOF-MS). During 
exercise, this sensor revealed clearly the onset and progression of increasing breath acetone levels 
that indicate intensified fat metabolism, as validated by venous blood -hydroxybutyrate (BOHB) 
measurements. As a result, this simple breath acetone sensor enables easy and hand-held fat burn 
monitoring for personalized and immediate feed-back on workout that can guide dieting as well. 
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Introduction 
Flame aerosol technology is an asset in 
exploring new sensing materials with 
unprecedented performance due to its wide 
material flexibility and close control over 
morphology and composition at the nanoscale. 
High sensitivity and selectivity are found in 
metastable crystal phases, solid solutions and 
mixed oxides, often not accessible by wet-
phase methods. This has led recently to Si-
doped MoO3 and Ti-doped ZnO for ammonia-[1] 
and isoprene-selective[2] sensing, respectively. 

Even sensor arrays with distinct compositions 
are possible to overcome selectivity limitations 
of single materials (e.g. formaldehyde[3]) while 
nearly orthogonal arrays facilitate the accurate 
multi-tracer detection for search and rescue 
application[4]. Further selectivity enhancements 
are achieved by ad-/absorption[5] or size-
selective (microporous) [6] filters. 

In this presentation, I will give a brief overview 
over selective material design with flame spray 
pyrolysis and highlight a breath study on 20 
volunteers with Si-doped WO3 acetone sensors 
to monitor individual fat burn rates during 
exercise and rest.[7]  

Experimental 
Si- -WO3 nanoparticles were 

directly deposited onto Al2O3 substrates with 
interdigitated electrodes. By operating them at 
350 °C, optimal acetone sensitivity and 
selectivity was achieved. These sensors were 
combined with a tailor-made breath sampler for 
standardized, monitored (CO2, airway pressure 
and flow) and buffered end-tidal breath 
extraction. Results were validated by PTR-TOF-
MS and venous blood assay. This study was 
approved by the local ethics commission. 

Results & Discussions 
The sampler-sensor system was applied to 
monitor the breath acetone dynamics of 20 
volunteers during exercise and postexercise 
rest. Therefore, all subjects underwent exercise 
with initial three times 30 min cycling on an 
ergometer at moderate intensity to stimulate 
their body fat metabolism followed by a 3 h rest. 
(Fig. 1a,b). In a typical case (e.g., subject #18, 
red diamonds), breath acetone increases only 
little during exercise but triples during the 
postexercise rest (Fig. 1c). This should  
enhanced body fat metabolism, with acetone 
being a byproduct of lipolysis. Thus, for subject 
#18, it seems that the initial exercise stimulated 
body fat metabolism that becomes most 

venous blood BOHB is analyzed 
simultaneously, as a marker for body fat 
metabolism (Fig. 1d). Remarkably, it shows the  
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Fig.1. Body fat burn monitoring during exercise and rest. Typical cycling power profiles (a) and heart frequency (b) 
of a subject when undergoing a testing course with 3 x 30 min cycling on an ergometer and 3 h post-exercise rest. 
Symbols in (b) indicate breath (orange circles) and venous blood (green squares) sampling. (c) Individual breath 
acetone changes (relative to initial value) measured by a flame-made Si-doped WO3 sensor of representative 
subjects during the testing course. (d) Corresponding venous BOHB concentrations that were sampled only 3 
times instead of 7 as with breath (b) to minimize  discomfort. Adopted from [7]. 

same dynamic response, supporting that the 
present breath acetone sensor indeed follows 
body fat metabolism but, most importantly, in a 
noninvasive manner. 

Individual body fat burn rates may di er 
between humans due to the usual biological 
variability (including di erent tness levels). 
Nevertheless, the sensor should recognize this 
correctly for customized feedback. In fact, when 

selected volunteers (Fig. 1c) distinctly di erent 
breath acetone pro les are detected, again all 
in good agreement to BOHB dynamics (Fig. 
1d). 

Finally, to cross-
for breath acetone detection, all breath samples 
were analyzed simultaneously by PTR-TOF-
MS. Both instruments correlate strongly 

cient 0.97, p < 
0.05) for all 280 samples. This is remarkable 
considering the sensors simple design, 
compactness and low cost compared to PTR-
TOF-MS. 

As a result, a portable, easy-in-use and 
inexpensive breath acetone sensor is presented 
that is promising for daily application at home or 
in gyms to provide immediate feed-back during 
exercise and dieting for more effective body fat 
loss. 
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