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Metabolomics in terms of ‘Systems Biology’

What can happen

What appears to 
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Metabolomics numbers since its inception

PubMed results for title/abstract searches 
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Universal quantitative NMR analysis of 
complex natural samples 

Plasma,

Urine,

Saliva,

CSF,

…

Drugs, NPS,

Oils, Fuels,

Explosives,

…

Current Opinion in Biotechnology 2014, 25:51–59 



L’NMR fornisce informazioni qualitative e quantitative

L’intensità del segnale è 

direttamente proporzionale 

al numero dei nuclei che 

danno origine a quella 

specifica risonanza

Parametri di acquisizione da definire in qHNMR:

• Standard di riferimento (interno/esterno)

• Nucleo di osservazione (normalmente 1H)

• Numero di scansioni (S/N > 250 per un’integrazione corretta)

• Tempo di acquisizione (3-5 volte T2) 

• Tempo di riciclo (5 volte T1)

• Guadagno del ricevitore ottimale



L’NMR fornisce informazioni qualitative e quantitative

L’intensità del segnale è 

direttamente proporzionale 

al numero dei nuclei che 

danno origine a quella 

specifica risonanza

Parametri di processamento da definire in qHNMR:

• Zero-filling

• Apodizzazione

• Correzione della fase

• Correzione della linea di base

• Definizione della regione di integrazione



Analytical Considerations NMR MS 

Sensitivity   

Reproducibility – within lab   

Reproducibility – across labs   

Quantitation   

Sample Prep Requirements   

Sample Analysis Automation   

Versatility   

 

Comparison of NMR vs MS for Metabolomics

Taken from D.G. Robertson, Toxicological Sciences, 85, 809, 2005



Two Routes to Metabolomics

Untargeted
Chemometric Method

Score plot 3D
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Spectral integration and construction of the data matrix
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Discriminant Analysis (PLS-DA, O-PLS-DA)

Models are generated that predict the class to which 

unknown samples belong

”Supervised” Methods of Classification



NMR Spectra of Monofloral Honeys



Objective Definition of Monofloral and Polyfloral 

Honeys Based on NMR Metabolomic Profiling

JAFC 2016, 64, 3645–3652 (2016)



MONITORAGGIO AMBIENTALE E ALIMENTARE

Valutazione dell’espressione genica per il controllo degli

stock alimentari e dell’inquinamento delle acque.

LM in Biotecnologie Industriali
Percorso «ambientale»



MONITORAGGIO AMBIENTALE E ALIMENTARE

Valutazione del metaboloma e del lipidoma di diversi

tessuti per il controllo della provenienza e della

freschezza.

LM in Biotecnologie Industriali
Percorso «ambientale»

- Laguna di Venezia vs.

Sacca di Scardovari

- Ghiaccio vs. acqua

fredda salata

- Tessuto intero

- Branchie

- Ghiandola digestiva

- Plasma
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Predictive Medicine Mass Spectrometry and Metabolomics

NEONATAL SEPSIS

9 septic newborns (EOS + LOS)
vs 16 controls

urine at birth and at regular intervals

significant differences in  

metabolome of sepsis group and  

controls

(urine collected at birth in EOS,  within 72 h prior the onset of LOS)

Fanos, 2014



Predictive Medicine Mass Spectrometry and Metabolomics

• Metabolomic targeted in MS/MS (plasma) and 
untarged NMR (urine) analysis in Early onset Sepsis

• If with NMR it is possible to predict EOS and which 
pathways are involved.

• To improve the prediction of EOS by Combining MS 
and NMR data.

• Integrate the NMR and MS data to evaluate the 
pathways that are involved.

• Early metabolomic marker of prognosis

Neonatal sepsis – Future Directions



Two Routes to Metabolomics

Untargeted
Chemometric Method

Score plot 3D
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NMR Quantification of Carbohydrates in Complex Mixtures.
A Challenge on Honey



Figure S-4. Panel A: 1D conventional spectra of the 22 sugars under investigation. Panel B: 

CSSF-TOCSY of the 22 sugars. Red marks indicate the chosen excitation frequency of each 

sugar, while the rectangles indicate the integration regions. 

NMR Quantification of Carbohydrates in Complex Mixtures.
A Challenge on Honey
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