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Summary: The human gut encloses a large community of bacteria producing a wide range of volatile organic compounds (VOCs)
when fermenting undigestible substrates. This study aims to provide a high throughput method to study in real-time the gut microbial

volatilome when the microbiota process undigestible dietary substrates.
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Background: Small metabolites from the
human gut microbiota are recognized as the
intermediates of the microbiome-host cross-talk
[1]. The research on the human gut metabolome is
mainly based on discrete sampling representing
discontinuous ‘snapshot’ of these complex
biological systems [2]. The aim of this research
work is to enhance the current understanding of the
dynamics of the gut microbiota by integrating non-
invasive and continuous analytical methods with
in-vitro gut simulators, to monitor in real-time, the
progression of small molecules released into the
headspace [2,3]

Methodology: Automated Head space-Solid
Phase Micro Extraction coupled with Gas
Chromatography-Mass Spectrometry (HS-SPME-
GC-MS) and Static Headspace- Proton Transfer
Reaction-Time of Flight-Mass Spectrometry
(SHS-PTR-ToF-MS) are used for the purpose of
this investigation. The objective is to screen and
monitor a specific set of masses of interest, to gain
system level mechanistic insights on primary
metabolism of the gut microbial consortia.

Results: This methodology enabled the
continuous monitoring of multiple metabolites in
time, including short-chain fatty acids (SCFAs)
and medium-chain fatty acids (MCFAs) derived
from 24h oat bran fermentation. A mixture of -odd
and -even chain acids were co-released into the
culture headspace after 4 hours of fermentation and
their relative abundance increased in time over 24
hours. The production of multiple MCFAs from the
substrate is most likely a community optimization
strategy to maximize ATP production from oat
degradation by means of reverse beta-oxidation
which involves the utilization of fermentation
intermediates, such as propanol and acetate.

Furthermore, the untargeted screening allowed the
detection of low abundant sulfur metabolites,
thiophenes, which, to our knowledge, were never
investigated before as gut microbial metabolites
(GMMs).

Conclusion: By integrating non-invasive and
continuous analytical methods with an in-vitro gut
simulator, it was possible to monitor in real-time
the progression of two important class of small
molecules released by the microbial consortia into
the headspace. The collected information can be
jointly integrated to shed light on the dynamics of
bacterial foraging of complex undigestible
substrates (e.g. bran from cereals). Overall, these
results confirm the idea to consider the bacterial
headspace as a highly dynamic chemical system
that contains information on microbial community
behavior.
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