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«Omics» Technologies
They aim at the overall detection of genes (genomics), mRNA (transcriptomics), proteins (proteomics), 
metabolites (metabolomics) and volatile compounds (volatilomics) in a specific biological sample.

Genomics Transcrittomics Proteomics Metabolomics Volatilomics

RNA



Metabolomics and volatilomics
Metabolomics:«the systematic study of the unique chemical fingerprints that certain cellular processes leave 
behind» (Bennet, The Scientist, 2005)

Metaboloma: collection of all metabolites in a biological cell, tissue, organ or organism, and are the end 
products of cellular processes.

Metabolic profiles consist of hundreds of different compounds; Specific conditions involve the variation of 
many of them.

Volatile metabolites excreted through different pathways form the volatilome

Ahmed H. Jalal et al., ACS Sens. 2018, 3, 1246−1263 



Volatilome

VOC analysis of human body
fluids may be a promising non-
invasive tool for medical
diagnosis and monitoring the
effects of therapy.

Volatilome

CHANGE IN 
BIOLOGICAL FLUID 

COMPOSITION

ALTERATION OF THE 
VOC PROFILE



Chemical aspects of the Volatilome

De Lacy Costello et al, J. Breath Res. 2014
Drabinska er al., J. Breath Res. 2021



Advantages and disadvantages of 
volatilomic analysis

• Non-invasiveness of sample collection
• Different biological fluids to be analyzed
• Ability to use low-cost technologies for analysis

• Lack of standard analysis protocols
• Difficulty in understanding the true origin of the detected VOCs (exogenous or 

endogenous)
• Difficulty in associating VOCs with different metabolic pathways and specific 

pathologies
• Interference due to comorbidities and/or environmental factors



Volatilome measurement strategy

Analytical Instruments
(GC-MS, PTR-MS,SIFT-MS…)

Selective sensors

Target molecules

Global properties of 
VOC mixtures

VOC identification and 
quantification

Artificial olfactory systems



Consideration on Analytical Approach
➢ Except in rare exceptions, lack of identification of volatile biomarkers 
➢ Acetone for diabetes and ammonia for liver and kidney disorders

➢ It is rather the pattern of fluid VOCs that changes under the influence of a pathology
➢ Fingerprint

There is no direct relationship between the 
structure of the molecule and its 

abundance.

Example: Lung cancer



Sensors Group (UTOV)  Volatilomic 
approach 

https://www.youtube.com/watch?v=W9XkyycleUs

Spacecraft air quality control
Martinelli et al. Micrograv Sci Techn. 2008
Fortezza et al. Acta Astronautica, 2006
••••••

Food Quality and Control
Compagnone et al. Sens Actuators B 2015
Pizzoni et al. J Food Eng. 2015
Eifler et al. PLoS ONE, 2012
Santonico et al. Food Chem, 2010
Santonico et al. Sens Act. B  2008
Olafdsottir et al. Trends Food Sci Tech. 2004
Saevels et al. Posth. Sc. Techn. 2003
••••••

Diagnosi medica
Kethchanji et al. iScience 2021
Murdocca et l Cancers, 2021
Capuano et al. Sci Reports 2019
Capuano et al. Sci Reports 2018
Montuschi et al. Front Pharmac 2018
Capuano et al. Sci Repors 2017
Zetola et al. J Infection, 2017
Capuano et al. Sci Reports 2015
Santonico et al. Lung Cancer 2012
D’Amico et al. Lung cancer, 2010
Montuschi et al. Chest, 2010
D’Amico et al. Skin Res. Techn. 2007
Di Natale et al. Bios. Bioelec. 2003
••••••

Electronic Nose



Volatolomics applications of porphyrinoids 
coated QMB electronic nose

breath: Lung cancer
tuberculosis
asthma

urines: Lung cancer
kidney cancer

serum: Covid-19 animal models: Malaria (Pl. Berghei)
differentiation staminal cells
melanoma
colon cancer

In vitro: Malaria (Pl. Falciparum)
differentiation of staminal cells
identification of microorganisms 

currently in use at:

Hospital Foch, Paris pneumology
Istituto Europeo Oncologico, Milano Lung cancer
University of Rome La Sapienza oro-farigenal diseases
University of Sassari Head-neck tumors
University of Teramo sensors development



Lung cancer detection with porphyrins 
coated QMB arrays

LC vs. controls

◦ Di Natale et al, Biosens and Bioelectronics, 2003

breath
sampler

• LC vs. pulmonary pathologies

• D’Amico et al, Lung Cancer 2010

• LC vs. Metabolic disorders

• Gasparri et al., J Breath Anal. 2016

tumors

controls

Post-surgery

first paper in literature about the use of gas sensors for lung 
cancer diagnosis



GC-IMS application in volatilomics



GC-IMS: The case of Lung Cancer

Cohort

Lung cancer patients



Urinary Volatilome analysis by GC-IMS

700 μl of urine headspace were automatically 
injected in the GC-IMS by means of a 2.5 ml 
syringe (70 ◦C). 

GC column:a 30 m × 0.53 mm I.D. × 1 μm MXT-5 column 
(Restek Corporation,Bellefonte, Pennsylvania) 

Urine sample conditioning (HTA autosampler, HT2000H)  

@50°C for 10 min

GC and IMS temperature @45 ◦C 
Inlet injector temperature @ 80 ◦C. 
GC carrier gas flow :@ 5 ml/min for 5 min ; increased to 50 
ml/min in 5 min and held for a further 5 min.
TOT run time of 15 min for each sample.
➢ IMS analysis was conducted in positive ion mode.
➢ GC-IMS data were extracted using VOCal software platform 

(G.A.S. Dortmund, Germany).



Characteristic 
Urine Map



GC-IMS Results
A total of 66 areas was obtained



Salivary volatilome profiling in pediatric 
eosinophilic esophagitis(EoE)

EoE: Chronic immune disease requiring repeated endoscopies for diagnosis 
and monitoring in children



Salivary volatilome profiling in pediatric 
eosinophilic esophagitis(EoE)

GC–IMS identified 63 distinct VOC signal areas

16 areas 
(p<0,01)



Salivary volatilome profiling in pediatric 
eosinophilic esophagitis(EoE)

Linear Discriminant Analysis 
(LDA)



Volatolomic analysis of extracellular 
vesicles extracted from cultured cells



• EPI : Human epithelial cells
• Hep-G2 :Human hepatocellular cancer cells
• HEK-293: Human embryotic kidney cells

EPI

Hep-G2

HEK-29

GC-MS

GC-IMSPBS used as reference sample

Volatolomic analysis of extracellular 
vesicles extracted from cultured cells



Volatolomic analysis of extracellular 
vesicles extracted from cultured cells

➢ Region differentiating Hep-G2 and HEK-293 EVs from 
the other groups:
• Retention time: between 1.41 and 2.04 min 
• Drift Time: between 4.7 and 5.20 ms

➢ Region characteristic of the EPI-derived Evs:
• Retention time: between 2.72 and 3.06 min
• Drift Time: between 5.41 and 5.65 ms



Ongoing studies

• Urine for gynecological disease detection (Uni. Rome Tor Vergata)- CRC diagnosis 
(EasyCRCscreen Project)

• Saliva for  pathologies of the oral cavity diagnosis (Uni. La Sapienza )
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