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FOREWORD

Volatile organic compounds (VOCs), particularly flavour compounds, represent an invaluable
noninvasive metric to follow the multi-faceted journey of food, from the farm to the fork and beyond,
such as relating to the human microbiome after consumption or in addressing reduction strategies for
food waste. VOCs thereby serve as a direct and swift means of measurement and notably act as a
main driver of the perceived quality of food.

Mass spectrometry (MS) is an established yet increasingly pivotal tool in food and beverage
characterization with a broad range of applications. When coupled with gas chromatography (GC), it
stands as the predominant analytical method for exploring many aspects of food, from safety to
traceability and nutritional aspects, and equally facilitates control measures in quality and process
monitoring.

Recent remarkable advancements in both technology and methodology have paved the way for highly
sensitive, specific, rapid, robust, and validated MS-based techniques that have become indispensable
in food science and technology research and application. A subgroup of these technologies has been
devised over the past two decades in the form of analytical approaches that enable the analysis of
VOCs through direct injection. These methods have gained attention for their rapid, highly sensitive
and high-throughput analytical capabilities.

A leading technology in this area is proton transfer reaction-mass spectrometry (PTR-MS), which has
driven many innovative applications for direct flavour/food analysis. Commencing 2003, the
University of Innsbruck, Austria, has organized a biennial event dedicated specifically to PTR-MS
and its applications, including a focused session on food science and technology.

The 1%t International Symposium on Direct Injection Food Flavour Analytics (DIFFA23) was
conceived with the backdrop of the PTR-MS conference but with a different aim, namely to embrace
a broader community beyond PTR-MS uses, encompassing similar direct injection mass spectrometry
(DIMS) technologies, such as atmospheric pressure chemical ionization-mass spectrometry (APCI-
MS) and selected ion flow tube-mass spectrometry (SIFT-MS), with a primary emphasis on flavor
compounds. It was also not exclusive to MS-based analytical techniques, but welcomed the inclusion
of complementary non-MS approaches, such as solid-state sensors, fast gas chromatographic direct
approaches and ion mobility spectrometry (IMS), amongst others, to ensure a wider reach and broader
engagement. The meeting was established to foster scientific discussions of common interest and
facilitate scientific collaborations. This book of abstract highlights the details of the event and
contains the contribution summaries of both the oral and poster presentations.

The conference featured one plenary and four keynote lectures delivered by distinguished guests, as
well as numerous invited and contributed talks and 25 poster presentations, with 97 attendees from
different EU states, the USA, the UK, Israel and New Zealand. The event provided valuable insights
into direct injection food/flavour analytics, with reviews from pioneering scientists who played key
roles in developing and advancing DIMS methods in its early days, such as Andy Taylor, Patrik
Spanél and Jean-Luc Le-Quéré, showcasing both historical developments and recent advancements
in analytical performance and novel applications. Topics discussed included nose-space analysis of
composite foods, rapid and high-throughput phenotyping, fermentation monitoring, both as an
1
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innovative technological tool and for investigating the human microbiota, advanced data analysis and
data mining tools. These are just a few examples of the themes explored during the conference.

Numerous partners contributed to the success of the event: the sponsors, whose engaging
presentations and financial support sustained the quality of the meeting and ensured that the
conference fees were kept to a minimum, as well as various supporting institutions and patronages.
Special thanks go to the Fondazione Edmund Mach (FEM) for its scientific contributions and for
hosting the conference at the Research and Innovation Centre, as well as the Division of Mass
Spectrometry of the Italian Chemistry Society (DSM-SCI) for their organizational support and
creation and hosting of the conference website. The invaluable support from these companies and
institutions are further acknowledged through inclusion of their logos on the back cover of this book.

The conference started a fruitful exchange of results, ideas and issues amongst scientists working
with direct tools to monitor VOCs in food science and technology, with broad attendance from
sensory and applications scientists from academia and industry.

We would like to thank all those who, through their participation and support, made this event
possible, which exceeded our most ambitious expectations.

Thank you all, and we look forward to seeing you at the next edition.

On behalf of the Scientific Committee

Franco Biasioli, Jonathan Beauchamp, Pat Silcock
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Summary: Tetragonisca angustula pot-pollen and cerumen pollen pots from Merida, Venezuela were
analyzed by HS-SPME/GC-MS. Acetic acid was the major VOC originated from suspected Acetic
Acid Bacteria, followed by 2,3-butanediol, propylene glycol, and lower beta phellandrene and
furfural. These metabolites confirm the fermenatative nature of fresh pollen processed into pot-pollen
by Meliponini.

Keywords: GC-MS, Tetragonisca angustula, pot-pollen

1 Introduction

The great biodiversity of stingless bees reached 605 species worldwide, 474 of then from Neotropical
Americas [1]. Stingless bees process honey and pollen in cerumen pots [2]; thus, named pot-honey
[3] and pot-pollen [4]. Tetragonisca angustula is the Netropical stingless bee most widespread, from
southern Mexico to northern Argentina. The pot-pollen volatiles and cerumen pots were studied here
for the first time, as a preliminary approach of their metabolite origins.

2 Experimental

The stingless bee Tetragonisca angustula (Latreille, 1811) was identified by Prof. J.M.F. Camargo
from Universidade de S&o Paulo, Ribeirdo Preto, SP, Brazil. Pollen pots were collected from the T.
angustula nest and submitted to the FEM lab where the pot-pollen was separated from the cerumen
of three polen pots. Measurements were conducted using the Headspace-Solid Phase
Microextraction/Gas  Chromatography-Mass  Spectrometry  (HS-SPME/GC-MS)  technique,
following a modified procedure based on the method reported by Wang et al (2019) [5]. Each sample,
consisting of 500 mg, was weighed in triplicate and placed in 20 mL glass vials. These vials were
hermetically sealed and stored in the autosampler of the GC (CTC combiPAL, CTC Analytics AG,
Zwingen, Switzerland) at 20°C until analysis. To achieve equilibration, pot-pollen and cerumen
pollen pot samples were maintained at a constant temperature of 40°C for 15 min. Subsequently, a
Solid Phase Microextraction (SPME) fiber composed of DVB/CAR/PDMS material (Supelco,
Bellefonte, PA, USA) was introduced into the headspace of the vial for 45 minutes. Compound
desorption from the SPME fiber occurred at 250°C within the injector port of the GC, which was
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interfaced with a mass detector operating in electron ionization (EI) mode (70 eV). The mass detection
range spanned from 33 m/z to 350 m/z (GC-MS Clarus500, PerkinElmer, Norwalk CT, USA).
Chromatographic separation was conducted using an HP-INNOWax fused silica capillary column
(30 m x 0.32-mm inner diameter x 0.5-um film thickness; Agilent Technologies, Palo Alto, CA,
USA). Helium was employed as the carrier gas, flowing constantly at a rate of 1.5 mL/min. The oven
temperature was programmed as follows: 40°C (3 min) with a 4°C/min ramp; 210°C (0 min) with a
20°C/min ramp; 250°C (2.5 min). Compound identification relied on mass spectra matching against
entries in the NIST/EPA/NIH (NIST 14) and Wiley 7th Mass Spectral Libraries. Linear retention
indices (LRI) were determined under identical chromatographic conditions following the injection of
a C7—C30 n-alkane series (Supelco).

3 Results

A total of 95 VOCs were identified from different chemical classes such as acids, alcohols, aldehydes,
esters, ketones, monoterpenes, oxides, sesquiterpenes, and VOCs of other classes.

Their abundance showed Acetic acid was the major VOC originated from suspected Acetic Acid
Bacteria, followed by 2,3-butanediol, propylene glycol, and lower B-phellandrene and furfural. These
major metabolites confirm the fermenatable nature of the fresh pollen processed into pot-pollen by
Meliponini, evidenced because VOCs indicators were most abundant in pot-pollen than their cerumen
container.

Intranest variations of VOCs in each pollen pot showed the importance of plant selection and
processing factors such as the botanical origin of the pollen, the inoculated type and quantity of
microbes to process them, and the time of processing, among others. See Table 1.

Table 1. Most abundant metabolites in pot-pollen and its container, the cerumen pot

Metabolites
Chemical structures Pot-pollen Cerumen pot
descending order of abundance
) ) (0]
Acetic acid o JLOH 50.41 42.27
OH
2,3-Butanediol Hac)\/c“a 23.88 18.60
OH
OH
Propylene glycol Hac/kCHZOH 7.08 7.37
H;C CH3
B-Phellandrene 9.73 8.53
CH»
Q
Furfural o . 3.70 1.54
W/
2-Methyl-1-propanol CHa

4.47 3.42

HsC” “CH,OH

184



DIFFA23 - 1% International Symposium on Direct Injection Food Flavour Analytics

Ethanol e ok 3.32 2.39
Ethyl acetate 0
y C/U\O,CHZCHg 244 1.83

4 Conclusions

The eight most abundant metabolites were presente in pot-pollen and their cerumen pot containers in
similar quantities.

The metabolites of microbial origin acetic acid and 2.3-butanediol were 74-60 top abundant in both
matrices.
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