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Overview 

 Introduction: food authenticity & fraud 
 Metabolomics: what is its role in food 

analysis? 
 Instrumental platforms for metabolomics 
 DART ion source coupled with HRMS 
 Case studies based on metabolomics 
     - wine authenticity 
     - oxidized fats detection 
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FOOD AUTHENTICITY AND FRAUD 
 Important food quality parameter 
 Most of valued food commodities are subject to fraud 
 Substitution or extension by cheaper product / ingredient / raw material 
 Geographic origin 
 Use of undeclared technology / processing 

ECONOMIC ASPECTS 
CONSUMERS´ 

DECEPTION 

THREAT TO 
CONSUMERS’ HEALTH 



New strategy: 
non-target screening  / profiling  

    COMPREHENSIVE SAMPLE ANALYSIS 
 detection / identification of ´unknown´ 
     components 
 Identification of set of composition markers 

? ? 

´Classic´ approach 

Authentication strategies: where to go….? 

Analysis of one or 
few target markers 
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„OMICS“  hierarchy 

Genomics 

Transcriptomics 

Proteomics 

METABOLOMICS 

DNA 

mRNA 

Protein 

METABOLITE 

25 000 Gene 

> 100 000 

> 1 000 000 

1 000 - 10 000 

Set of all small molecules (cca ≤1500 Da) 



This review focuses on the recent 
trends and potential applications of 
metabolomics in four areas of food science and 
technology:  

(1) food component analysis;  

(2) food quality/authenticity assessment;  

(3) food consumption monitoring 

(4) physiological monitoring in food 

     intervention or diet challenge studies 

2008 

Application scope of metabolomics 
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2013 

Foodomics: a new keyword in food analysis 
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WORKFLOW: profiling / fingerprinting 
Samples 

Fingerprinting 
technique 

Recorded 
output 

Data analysis 

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

-2 -1 0 1 2
Funct 1 (79.5%)

F
un

ct
 2

 (
19

.6
%

)

No. Group Var1 Var2 Var3 Var4 Var5 Var6 Var7 Var8 Var9 … Var33 
1 Group 1 0.488 0.158 0.217 0.564 0.069 0.242 0.115 0.064 0.019 … 0.005 
2 Group 1 0.496 0.166 0.222 0.580 0.070 0.249 0.057 0.033 0.020 … 0.013 
3 Group 1 0.083 0.043 0.032 0.001 0.022 0.140 0.001 0.001 0.008 … 0.002 
… … … … … … … … … … … … … 
11 Group 2 0.866 0.045 0.736 0.029 0.026 0.025 0.000 0.004 0.010 … 0.011 
12 Group 2 0.853 0.043 0.703 0.028 0.026 0.024 0.000 0.004 0.009 … 0.000 
13 Group 2 0.724 0.027 1.000 0.016 0.043 0.049 0.000 0.003 0.007 … 0.014 
… … … … … … … … … … … … … 
21 Group 3 0.264 0.098 0.060 0.015 0.028 0.153 0.000 0.001 0.015 … 0.006 
22 Group 3 0.273 0.097 0.061 0.015 0.029 0.154 0.000 0.001 0.015 … 0.005 
23 Group 3 0.435 0.016 0.010 0.000 0.012 0.165 0.000 0.001 0.002 … 0.000 
… … … … … … … … … … … … … 
38 Group 4 1.000 0.008 0.002 0.000 0.020 0.092 0.005 0.004 0.001 … 0.014 
39 Group 4 0.783 0.007 0.000 0.005 0.045 0.036 0.000 0.002 0.000 … 0.022 
40 Group 4 0.849 0.000 0.000 0.006 0.051 0.038 0.000 0.004 0.000 … 0.026 

Data matrix 

Output (confirmation of 
rejection of claim/identity) 

Correctly 
Act. Group Group 1 Group 2 Group 3 Group 4 Classified 
Group 1 10 0 0 0 1.000 
Group 2 0 10 0 0 1.000 
Group 3 0 0 10 0 1.000 
Group 4 0 0 0 10 1.000 
Overall Correct Classification Rate 1.000 

Pred. Group (Holdout) 
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ICP–MS 

LC–MS 

NMR 

IR / Raman 

GC-MS 

METABOLOME 

AMS-MS 

Instrumental platforms for metabolomics 





AMBIENT MASS SPECTROMETRY OPTIONS 

Van Berkel et al  J. Mass Spectrometry, 
43, 1181, 2008 

MS 



AMBIENT MASS  
SPECTROMETRY 

Novel fingerprinting technique: 

excited He 
200- 400°C THERMO DESORPTION, 

APCI ionization 

VV_9047-1_9052-2_pos #287-337 RT: 1.02-1.19 AV: 51 SB: 38 0.92-0.98 , 1.23-1.29 NL: 1.12E6
T: FTMS + p NSI Full ms [50.00-1000.00]
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Mass spectrum 



Steps occurring in DART together, or separately, 
under the influence of a particular agent: 

  DESORPTION – a change in phase (e.g., 
solid to vapor) 

 

  IONIZATION - an acquisition of charge by 
neutral analyte molecules  



AccuTOF LP (Jeol) 
Time-of-flight mass spectrometer 

~ 5000 – 7000 fwhm 

DART–TOFMS 

Exactive (Thermo Scientific) 
Orbitrap mass spectrometer 

~ 10,000 – 100,000 fwhm 

DART–orbitrapMS 

DART – HRMS has become an important 
tool in routine food analysis / food 
research 



X-Z TRANSMISSION MODULE AUTOSAMPLER 
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Metal mesh is placed into a holder Gas flows through the metal mesh, 
desorbs and ionizes sample components. 

TIC record 

Sample (5 µl) is placed on metal mesh. 

(1) 

(2) (3) 
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Adulteration of olive oil by hazelnut oil  

Authentication of fruit jjuice freshness 

Identification of geografic origin of honey 

Wines authentication 

Authentication of apple varienty and the way of farming 

Classification of bear origin, traceability 

Matebolomics based studies we have performed 

Fish feeding history authentication 
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WINE AUTHENTICATION TOOLS 

FINGERPRINTING / 
 PROFILING 

CURRENT TRENDS 

Comprehensive information 
on sample composition 

Physico-chemical and/or 
biochemical measurements 

FORMER TRENDS 

Single or only a few  
markers 



HPLC–UV-VIS /–MS 
(phenolic compounds) 

AAS nebo ICP-MS 
(minerals) 

13C NMR 

GC–FID 
(alcohols) 

SPME–GC–FID 
SPME–GC–MS 

SPME–GC×GC–MS 
(volatile compounds) 

ASAP–MS 
DART–MS 

(ionizable compounds) 

DNA (biomethods)  

METHODS FOR WINE AUTHENTICATION 

Infrared 
spectroscopy  

LC–MS 
(polar compounds) 



AN OVERVIEW OF ANALYZED 
SAMPLES (WHITE WINES) 

Chardonnay (n = 20) 

Müller Thurgau (n = 20) 

Rhine Riesling (n = 15) 
 

 Origin of the samples: Australia, Austria, Bulgaria, 
Chile, Czech Republic, Hungary, Italy, Moldavia, South 
Africa, USA 

 Years of the production: 2005–2008 



AN OVERVIEW OF ANALYZED 
SAMPLES (RED WINES) 

Cabernet Sauvignon (n = 15) 

Merlot (n = 16) 

Pinot Noir (n = 14) 

 Origin of the samples: Australia, Bulgaria, Czech 
Republic, France, Germany, Hungary, Chile, 
Makedonia, Slovakia, Spain, USA 

 Years of the production: 2004–2008 



DART–MS: Direct measurement of wine 
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Positive ion mode 
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Example: Cabernet 
Sauvignon 



25 markers  
(DART(+)–MS, dir. meas.) 

(m/z) 
↓ 
PLS-LDA + model validation 

(LOOCV) 
↓ 
6 latent variables (LVs)  
↓ 

CHEMOMETRIC ANALYSIS (wine directly measured) 

Model: Cabernet Sauvignon vs. Merlot 

14 markers ( 
(DART(-)–MS, dir. meas.) 

(m/z) 
↓ 
PLS-LDA + model validation 

(LOOCV) 
↓ 
5 latent variables (LVs)  
↓ 

Recognition ability: 100% 
Prediction ability: 96.0% 

Recognition ability: 88.0% 
Prediction ability: 88.0% 



pH = 2 pH = 
3.5 

pH = 7 

wine (3 mL)   
& added 
water (3 mL) 

Ethyl acetate 
(3 mL) 

Shaking 

2 min 
DART 

analysis of 

EtOAc 

fraction 

Centrifugation 

11,000 rpm 

5 min 

DART: Direct measurement of phenolics 
fraction isolated by EtOAc extraction 



PHENOLIC COMPOUNDS 

Phenolic acids 

Anthocyanins 

Flavonols 

Flavan-3-ols and tannins 

Flavanonols 
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DART [–]: PROFILING of 
phenolics fraction isolated by                    

EtOAc extraction 

m/z 260–350 
↓ 

High-MW phenolics 
fraction 

Cabernet Sauvignon 

Merlot 

Riesling 
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Resveratrol 

Catechin 

Tyrosol 

Gallic acid 

Caffeic acid 

Ferulic acid 
Quercetine 

Flavan-3-ol 

Example: Cabernet Sauvignon 

DART(+) measurement of phenolics fraction  
- identification based on exact mass 
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Gallic acid 
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Example: Cabernet Sauvignon 

DART(–) measurement of phenolics fraction  
- identification based on exact mass 



25 markers (DART(+)–MS, EtOAc 
fr.) 

(m/z) 
↓ 
PLS-LDA + model validation 

(LOOCV) 
↓ 
5 latent variables (LVs)  
↓ 

CHEMOMETRIC ANALYSIS (based on phenolics) 
Model: Cabernet Sauvignon vs. Merlot 

27 markers (DART(–)–MS, EtOAc 
fr.) 

(m/z) 
↓ 
PLS-LDA + model validation 

(LOOCV) 
↓ 
5 latent variables (LVs)  
↓ 
Recognition ability: 100% 
Prediction ability: 100% 

Recognition ability: 100% 
Prediction ability: 100% 



28 markers (DART(-)–MS, EtOAc fr.) 

(m/z) 
↓ 
PLS-LDA + model validation 

(LOOCV) 
↓ 
9 latent variables (LVs)  
↓ 
Recognition ability: 98.9% 
Prediction ability: 93.6% 

CHEMOMETRIC ANALYSIS 

• Chardonnay  • Müller 
Thurgau  

• Rhine Riesling  

Model: Chardonnay vs. Müller Thurgau vs. Rhine Riesling  
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RECENT REVIEW SUMMARIZING 
ICT EXPERIENCE 



ANOTHER CHALLENGE : LC-MS, direct injection  

 To avoid any possible discrimination of metabolites a direct 
injection of wine samples was carried out.  



Liquid Chromatography (UHPLC Ultimate 3000 Dionex-Thermo)  

 Different mobile phases and modifiers were tested: 
• Formic acid 
• Ammonium acetate  
• Ammonium formate  
 
Two aqueous mobile phase components were used with methanol for 
elution during acquisition in positive and negative mode.   
 
• ESI + The lower pH (3.8) eluent containing ammonium formate was 

employed in positive ion mode to support protonation of eluted 
molecules and ammonium adducts [M+NH4].  

  
• ESI - Higher pH (4.5) value was used in negative ion mode (ammonium 

acetate) and [M+CH3 COO]− could be detected.  
 



 Different columns were tested: 
• C18 (RPLC) 
• HILIC 
 
1. The reversed phase chromatographic system enabled rapid separation of 

a wide range of compounds present in wine samples. 
 

2. The use of stationary phase with sub-2 μm particles significantly 
increased column separation efficiency and chromatographic resolution.  

 
  
 
 
  

Liquid Chromatography (UHPLC Ultimate 3000 Dionex-Thermo)  



UHPLC-Q Exactive 

The Thermo Scientific Q Exactive benchtop UHPLC-MS/MS combines high-
performance quadrupole precursor selection with high-resolution, accurate-mass 
(HRAM) Orbitrap detection to deliver high performance and tremendous versatility. 
 
 Resolving power up to 140,000 
 Maximum scan speed 12Hz 
 Intra-scan dynamic range > 5000:1 
 Quadrupole mass filter 
 Spectral multiplexing for enhanced duty cycle 
 S-Lens ion source for increased sensitivity 



UHPLC-Q Exactive: Method development 

Acquisition modes  

FULL MS-ddMS2 

This acquisition method consists in a high resolution 
MS survey scan followed by MS/MS using a data 

depending settings. 
 

LC 
settings 

MS 
settings 



Benefits of Q-Exactive: Metabolomics 

 The superior quality of Q Exactive MS/MS data enables 
identification and quantitation of more compounds with greater 
confidence. 

 Find the real differences in components across multiple sample 
groups with SIEVE 2.0  

 

 



Chemometrics analysis: Red wine samples (PCA-DA  ESI+)  

 
 
 
 

Tempranillo 

           Merlot 

  
 
 

 
 Spätburgunder  

Principal Component Analysis-Discriminant Analysis (PCA-DA). PCA calculates the best discriminating 
components without foreknowledge about groups, whereas discriminant analysis calculates the best 
discriminating components (= discriminants) for groups that are defined by the user. 



Chemometrics analysis: red wine samples (PCA-DA ESI+)  

 
 
 
 

Tempranillo 

  
 
 

Merlot 

Spätburgunder 
 
 
  



Identification of markers: Workflow  

 Identification of markers using PCA discriminant 
analysis.  
 Xcalibur®: 

• Full MS extraction ion chromatogram and estimation 
of molecular formula. 

• dd-MS2 data depending acquisition (Pathway) 

 Libraries:  
 
 
 



Chemometrics analysis: Red wine samples (PCA-DA ESI+)  

           Merlot 



Chemometrics analysis: Merlot markers  

  
 
 

Merlot 

MARKER (m/z 603.13)  
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Chemometrics analysis: Merlot markers (Workflow)  
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Chemometrics analysis: Merlot markers (Workflow)  

MS Molecular Formula 
C28H26O15 



merlot 1 #1806-2214 RT: 5.23-5.58 AV: 2 NL: 6.93E6
F: FTMS + p ESI d Full ms2 603.13@hcd30.00 [50.00-635.00]
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Chemometrics analysis: Merlot markers  

Eriodictyol 7-(6-galloylglucoside) 
C28H26O15  

Flavonoid Glycosides 

Eriodictyol 7-(6-galloylglucoside) is found in fruits. Eriodictyol 7-(6-galloylglucoside) 
could be a constituent of the leaves and branches of Vitis Vinifera.  

dd-MS2 



Conclusions 
 Q Exactive is well suited for routine in-depth metabolome 

analysis with fast high-resolution MS and MS/MS scan rate, 
and high quality HR/AM HCD spectrum.  
 

 The applicability of UHPLC-Q Exactive for WINE (-omics) has 
been demonstrated, providing authentication of grape 
varieties.    

 



Future trends 

 Chemiometrics analysis:  
• ESI- data PCA and PCA-DA 
• ESI+  and ESI- data using SIMCA (PLS-DA, OPLS-DA 

and O2PLS-DA) 

 Authentication: 
• Grape varieties  
• Origin and/or area  
• Quality  





ALTERATION CAUSATIVE 
AGENT 

COMPOUNDS ORIGINATED 

HYDROLYSIS moisture Fatty acids 
Diacylglycerols 

 
OXIDATION air Oxidized monomeric triacylglycerol 

Oxidized dimeric and oligomeric 
triacylglycerols 
Volatile compounds (aldehydes, 
ketones, alcohols, hydrocarbons, 
etc.)  

THERMAL CHANGES temperature Cyclic monomeric triacylglycerols 
Isomeric monomeric triacylglycerols 
Nonpolar dimeric and oligomeric 
triacylglycerols  

CHANGES OF FATS /OILS DURING PROCESSING 



AUTOOXIDATION OF FATS / OILS 
 Accumulation of oxidation products in oils / fats and fried foods 
 Adverse health effects of oxidation products upon  ingestion 



EPOXIDATED SPECIES 
HYDROXYLATED SPECIES 

ALDEHYDES, KETONES 

TRIACYLGLYCEROLS 

HYDROPEROXIDES 

ALDEHYDES 
KETONES 

HYDROCARBONS 

FATTY ACIDS 

POLYMERIC 
TRIACYLGLYCEROLS 

 
HP SEC–RID  

GC-MS, HPLC-UV, UV SPECTROSCOPY (anisidine value)… 

TITRATION  
 (peroxide value) 

GC-FID ( % FAME) 

High-throughput analytical methods for 
monitoring of oxidative degradation                

some innovattion needed…. 

Conventional  strategies in oils / fats                       
quality assessment 



Samples 

 OLIVE OIL (PV 4.6)* 
 RAPESEED OIL (PV 2.0)* 
 SOYBEAN OIL (PV 2.2)* 
 SUNFLOWER OIL (PV 2.3)* 
 PALM OIL (PV 0.6)* 

 various fresh refined vegetable oils were sourced from retail market 

*PEROXIDE VALUE (mekv. of active oxygen per kg) 

HEAT-TREATMENT 
 Heating of 25g of oil in a beaker (n=3) 
 Heating time 0 – 7 hours 
 Controlled temperature 180 ± 2°C 

0h 1h 2h 3h 4h 5h 6h 7h 
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 Oxidation of triacylglycerols 
 CORRELATION WITH TAG POLYMERS CONTENT 
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ß-SCISSION FRAGMENTS OF TAGs 
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COMPREHENSIVE VIEW ON THE DATA 
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► OXIDATION OF SUNFLOWER OIL (120°C, 2h) WITH AND WITHOUT 
 ADDITION OF ANTIOXIDANT (GALLIC ACID, 100ppm)… 

MONITORING OF ANTIOXIDANT ACTIVITY 

DART–MS SPECTRA (POSITIVE ION MODE) 
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OXIDIZED TAGs IN HUMAN ADIPOSE TISSUE 
 HUMAN ADIPOSE TISSUE SOURCED FROM LIPOSUCTION SURGERY 

 (3 SAMPLES COLLECTED FROM 3 DIFFERENT PATIENTS) 
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 Databases vs. standardization 

 Diversity/variation of metabolomic data 

 More efficient ways of identifying markers 

 More efficient ways of coupling: 
Instruments → Data processing → Chemometric tools 

 New instrumentation platforms 

CONCLUSIONS: FUTURE CHALLENGES 
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