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Harnessing NMR metabolomic 
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enhanced geographical identification and 
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milk and coffee



FOOD: A COMPLEX MATRIX
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Lipids: Caffeol, TG, FA

Carbohydrates: mannose, 

raffinose, fructose, 

glucose, melanoidins

Alkaloids: caffein, 

trigonelline

Proteins: aa

Organic acids: CGA, 

caffeic ac., quinic ac., 

malic ac., lactic ac. 

Minerals: Ca, K, Mg, Fe
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• Genetics

• Contamination

• Processing

• Origin

• Season

• Health 

status

• Nutrition/D

iet/Stress

FOOD: A COMPLEX MATRIX



Analytical tecniques for food analyses

 Security

 Quality

 Authenticity

Common analyses : 

• Time consuming (low speed of 

detection, sample 

pretreatment)

• Sample distruction

• High volume/quantity of 

sample and solvents

• Targeted for few molecules

Fingerprinting analyses: 

• Fast and minimal or no 

sample pre-treatment

• Non-destructive

• Untargeted

1H-NMR 

(Nuclear Magnetic

Resonance)

 Highly reproducible 

 Quantitative analysis

 Fast analysis

 Not disruptive

 Simple and minimal 

sample preparation

 Sensitivity (detection 

limit in the order of 

µM)

Database 

creation and 

modeling



Geographical origin: the milk case

• 1H NMR SPECTRA

400 raw milk

samples from 10 

Mugello’s farms 

(20 samp./stab.)

Group 1: silage and hays

Group 2: silage

Group 3: hays and cereal 

flour ↑Hippurate, choline, 
methionine

↓Lactate, creatinine

1) FARM  CHARACTERIZATION

2) CHARACTERIZATION OF THE FEEDING REGIMEN

If 3  4 

pred. acc 

82%

If 3 = 4 

pred. acc 97%

2018



Quality and composition: the milk case

1H NMR spectroscopy was used to investigate 

the effect of grazing on milk metabolites

1

2

Higher

during

grazing

*P < 0.05; **P < 0.01; ***P < 0.001.421 milk samples from 72animals 

Department of Agronomy, Food, Natural Resources, 

Animals and Environment (DAFNAE), UNIPD

• 93.1% accuracy distinguishing pre- and post-grazing milk samples.

• Hippurate: A robust marker for pasture-based milk.

• Grazing induces significant metabolic changes in milk.

• 1H NMR is a powerful tool for food traceability and authenticity.

• Potential application in premium dairy product verification (e.g., PDO 

cheeses).

2022



OPLS-DA

1) Org. Vs conv. FMs CV OPLS-DS 

5 FMs CV OPLS-DS 

↑ ORG

Quality and composition: the milk case

2)
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3) EVALUATION OF POST-HARVEST EFFECTS ON 

COFFEE METABOLOMIC PROFILE

• Each coffee variety seems to react differently to 

fermentation, drying and roasting. 

Geographical origin & effect of processing: the coffee case2021

1) CULTIVAR CLASSIFICATION BASED ON 
1H-NMR FINGERPRINTING APPROACH

Green 

coffee

Roasted coffee

catuai rojo (CR) 

maracaturra (MC)

bourbon (BO)

caturra (CA)

pacamara (PA)

tekesic (TE)

bourbon rojo (BR) 
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