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 Years ago, at the 29th Informal Meeting on Mass Spectrometry, we presented advancements in the 
application of Direct Injection Mass Spectrometry (DIMS), specifically Proton Transfer Reaction Mass 
Spectrometry (PTR-MS), for monitoring volatile organic compounds (VOCs) in agrifood applications. 
At that time, quadrupole mass analyzers dominated the field, while time-of-flight (ToF) analyzers were 
still emerging. Many challenges identified then have since been addressed, but others remain, particularly 
due to the difficulty in untangling complex volatile mixtures released by agrifood products and processes 
without separation. 
 Since that conference, we developed an automated facility based on PTR-ToF-MS for the rapid, 
high-sensitivity profiling of VOCs, which we have applied to various agrifood-related questions. Despite 
its limitations, our approach offers unparalleled efficiency in terms of sensitivity, time resolution, and 
throughput, enabling experiments that would otherwise be impossible. Together with a general overview 
of the potential of the analytical approach in terms of global quality, traceability and massive screening, 
we will discuss two paradigmatic examples: fermentation monitoring and nose-space analysis. 
 Fermentation, also known as “ancient biotechnology,” is experiencing a resurgence due to its 
green and sustainable potential in addressing modern food production challenges, such as label cleaning, 
new products development, valorisation of alternative proteins and energy-efficient food processing. The 
term fermentation summarizes a family of microbial-based bioprocesses that provides the basis of more 
than 5000 foods on a global scale. In these products, VOCs are associated with product quality but also 
associate with microbial metabolites and, so the possibility of monitoring the phenomena online is 
particularly interesting. PTR-ToF-MS demonstrates versatility in monitoring key fermentation pathways, 
studying starter cultures and microbiomes. Our approach is based on the original coupling of a headspace 
autosampler with PTR-TOF-MS and original data handling and data mining approaches. This allows for 
simultaneous incubation and continuous VOC sampling from over 100 samples, each containing a 
substrate inoculated with suitable microorganisms, whereas the PTR-TOF-MS guarantees VOC 
quantitiation and tentative  identification at high time resolution. We have applied this method to monitor 
VOCs released during fermentation of the principal categories of foods and food-related microbes, 
including yeasts (for bread, beer, wine, sourdough, and dairy fermentations) and lactic acid bacteria (for 
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yoghurt, kefir, wine and bread). This technique provides an ideal tool for screening strains, assessing 
different interactions, and optimizing process conditions. It can support strain selection, develop 
solutions inspired by nature and support sustainable industrial process, also investigating the 
biotransformation of flavor compounds by microorganisms.  
 Understanding the complex relationship between aroma release and perception requires advanced 
analytical techniques that monitor both chemical stimuli and sensory responses. We combined PTR-ToF-
MS nose-space analysis with dynamic sensory analysis to investigate aroma release and perception in 
real-time. This approach provides detailed information on the concentration and dynamics of specific 
volatiles. At the same time, dynamic sensory analysis captures consumer perception, offering insights 
into how these compounds are experienced. We applied this approach to both simplified food models and 
more complex food combinations that better reflect real-world situations. Our results show that it is 
possible to track flavor compound release during food consumption and demonstrate that the relationship 
between flavor perception and VOCs concentrations is not always straightforward. For example, an 
increase in VOC concentration in the nose-space may be associated with a decrease in flavor perception. 
This finding highlights the complexity of aroma perception, suggesting that factors beyond instrumental 
analysis—such as individual sensory responses or environmental conditions—play a significant role. 
These techniques have applications in fields like food science, fragrance development, and consumer 
product testing, where understanding both the release and perception of aromas is crucial for improving 
product quality and consumer satisfaction. 
 The main limitation of DIMS is the limited specificity of the analysis, which often cannot resolve 
all ambiguities in compound identification, requiring confirmation from more established methods. We 
will shortly discuss how ongoing technological advancements, and in particular the implementation of 
Ion Mobility Spectrometry in the field, aim to improve analytical precision while maintaining non-
invasiveness, sensitivity, and speed. The compliance of PTR-MS with the principles of green analytical 
chemistry and the potential of this approach to support future sustainable innovation in agro-food are 
highlighted. 
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