INSTITUTE OF
CHEMICAL TECHNOLOGY PRAGUE

Direct analysis In real time and high
resolution mass spectrometry:
a new tool for food authenticity

JANA HAJSLOVA
on behalf of her Ph.D. students & young scientists

i,

Sicurezza alimentare

e difesa dell'autenticita %
elle produzioni nazionali s

Palermo, 17 Maggio #ﬁg ek
\l presso I'Orto Botanico - o

17.5. 2013, Palermo, Italy


http://www.google.cz/imgres?imgurl=http://4.bp.blogspot.com/_YxdFjamqEf0/SgNkpFWK-PI/AAAAAAAABoQ/OdRfKr1Ll58/s1600/lupa&imgrefurl=http://4.bp.blogspot.com/_YxdFjamqEf0/SgNkpFWK-PI/AAAAAAAABoQ/OdRfKr1Ll58/s1600-h/lupa&usg=__5KgKc_4_xNljggxTo-wdZckygv4=&h=300&w=400&sz=10&hl=cs&start=2&zoom=1&um=1&itbs=1&tbnid=RowIyZ-MxHYUvM:&tbnh=93&tbnw=124&prev=/images?q=lupa&um=1&hl=cs&sa=G&tbs=isch:1�

n

L

4 ™
g

Prague, Czech Republic, EU ~




research and education,

collaboration with industry,
collaboration with other
research/testing laboratories (private,
official),

international co-operation within EU
research projects aimed at detection
techniques,

expertise/testing, consultation
laboratory audits,

laboratory training and demonstration
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Czech Accreditation Institute
Public Service Company
110 00 Praha 1 — Nové Mésto, Opletalova 41

issues this
CERTIFICATE OF ACCREDITATION

No. 319 /2009
to
Testing Laboratory No. 1316.2

Vysoka Skola chemicko-technologicka v Praze
Metrologicka a zkuSebni laboratoi
Technicka 5, 166 28 Praha 6

Scope of accreditation:

Chemical analysis of food, beverages, basic materials for production of food and pharmaceuticals,
animal feeding stuffs, chemical agents, biological materials (plant and animal tissues) and
environment components to the extent as specified in the appendix to this Certificate which is
attached.

Prof. Ing. Jana Haj8lova, CSc. and prof. Ing. Miloslav Suchédnek, CSc. shall act on behalf of the
accredited testing laboratory, and prof. Ing. Jana Haj8lovéd, CSc., prof. Ing. Miloslav Suchanek, CSe.
and doc. Ing. Vladimir Kocourek, CSc. shall be responsible for the correctness of relevant test reports.

This Certificate of Accreditation was issued by the Czech Accreditation Institute, Public Service Company, on the basis of assessment of
fulfilment of the accreditation criteria in accordance with

CSN EN ISO/IEC 17025:2005

and after having found that the testing laboratory had been qualified for objective and independent testing to the extent of the scope of
accreditation

In its activities, performed within the scope and for the period of validity of this Certificate, the holder of this Certificate is entitled to use the
identification “Accredited Testing Laboratory No. 1316.2" next to its name provided it observes all relevant regulations relating to the
activity of dited testing y including issued by the Czech Accreditation Institute, Public Service Company.

Should it be proved that the holder of this Certificate fails 1o meet the accreditation eriteria decisive for the issue hercof and the obligations
the Czech Institute, Public Service Company, may either suspend the validity of or withdraw or

change this Certificate.

This Certificate is valid until: 30 April 2014

Prague: 29 May 2009 o P

Jifi Razicka
Director
Czech Accreditation Institute
Public Service Company

Instruction.
The holder can enter a written objection against this Certificate, provided it concerns the scope of accreditation, in 10 days
from the receipt hereof. Timely submitted objection has no dilatory effect.
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B 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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B 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

$ %5 3 3 3

THREAT TO
ECONOMIC ASPECTS CONSUMERS’ CONSUMERS’ HEALTH

DECEPTION




§ Authentication strategies: where to go....?

) o New strategy:
Classic” approach

non-target screening / profiling

Analysis of one or

few target markers COMPREHENSIVE SAMPLE ANALYSIS

®» detection / identification of “unknown’
components
®» |dentification of set of composition markers
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T
B Application scope of metabolomics

FOOD SCIENCE
Trends in Food Science & Technology 19 (2008) 482—493 EJTECH HOLOGY

2008

Review

Metabolomics:
app] ications to food molecules can include a range of endogenous and exoge-

nous chemical entities such as peptides, amino acids, nu-
. . . cleic acids, carbohydrates, organic acids, vitamins,
SClence and nutrltlon polyphenols, alkaloids, minerals and just about any other
chemical that can be used, ingested or synthesized by

a given cell or organism

research nomeamlonics ¥0! This review focuses on the recent

David S. Wishart>><* e s o trends and potential applications of
metabolomics in four areas of food science and
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Alberta, Edmonton, AB, Canada TeC ZE8 mass spectrometry (M3
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1071; e-mail: david.wishart@e L erta.ca) tion of electronic databs
spectral information on

L L A S Y different metabolomes = H H
Metabolomics is an emerging field of “omics” n ea <h that Subramaniam, 2006, K (3) food consumpt|on mon'tor'ng

focuses on high-throughput characterization of smah o -ule o
e e . ! 2006z Smith et al., 2005
metabaolites in biological matrices. As such, metabolon. €5 is

BT ! i i T ware and software inne
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analysis; (2) food quality/authenticity assessment; (3) food con- etal, 2{_1”)' o |nterventlon or dlet Cha"enge StUdIeS
sumption monitoring; and (4) physiological monitoring in food As with many new

intervention or diet challenoe studies dency towards rapid te
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} Foodomics: a new keyword in food analysis

Foodomics
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Foodomics: a new comprehensive
approach to food and nutrition

Francesco Capozzi and Alessandra Bordoni

In the past 20 years, the scientific community has
faced a great development in different fields due to the
development of high-throughput, omics technologies.
Starting from the four major types of omics
measurements (genomics, transcriptomics, proteomics,
and metabolomics), a variety of omicssubdisciplines
(epigenomics, lipidomics, interactomics, metallomics,
di etc.) has ged

Thanks to the omics approach, researchers are now
facing the possibility of connecting food components,
foods, the diet, the individual, the health, and the
diseases, but this broad vision needs not only the
application of advanced technologies, but mainly the
ability of looking at the problem with a different
approach, a “foodomics approach”.

Foodomics iz _the comprehensive. _high-throughout

Fees & Abstracts Contacts

Countdown
76 1045 04

Committees Location

snferenc

Ciizk on the picture

PREVIOUS EDITIONS

2nd International Conference on
FOOD-OMICS

A science for nutrition, health and
wellness in the post-genomic era
Cesena (Italy), June 22-24, 2011

1zt Intarnational Confarance on
FOOD-OMICS

A science for nutrition, health and
wellness in the post-genomic era
Cesena (Italy), May 28-29, 2009

OTHER MEETINGS
Znd International Conference on

Food Digestion
Madrid (Spain) March &-8, 2013
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WORKFLOW: profiling / fingerprinting

Fingerprinting
technique

Output (confirmation of

rejection of claim/identity)

Pred. Group (Holdout)
Act. Group Groupl Group2 Group3 Group4 Classified

Correctly

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

Recorded

output

Funct 2 (19.6%)

05

0.0 o@
05 8
1.0

9

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

No. Gr

1 Groupl
2 Groupl
3 Groupl

11 éroupz
12 Group 2
13 Group2

21 Group 3
22 Group 3
23 Group 3

38 G‘roup 4
39 Group4
I¥ 4

rl Var2 V: r ! r r7 Vs r9 ... Var
0.4880.1580.2170.5640.0690.2420.1150.0640.019... 0.005
0.4960.1660.2220.5800.0700.2490.0570.0330.0: .013
0.0830.0430.0320.0010.0220.1400.0010.0010.0

0.8660.0450.7360.0290.0260.0250.0000.0040.010... 0.0
0.8530.0430.7030.0280.0260.0240.0000.0040.009... 0.
0.7240.0271.0000.0160.0430.0490.0000.0030.007... 0.

0.2640.0980.0600.0150.0280.1530.0000.0010.015... 0.0
0.2730.0970.0610.0150.0290.1540.0000.0010.0
0.4350.0160.0100.0000.0120.1650.0000.0010.0!

1.0000.0080.0020.0000.0200.0920.0050.0040.001.. 0.014
0.7830.0070.0000.0050.0450.0360.0000.0020.000... 0.022



http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=z3vlh-p7CO7JaM&tbnid=boE6qRrwxTWK7M:&ved=0CAUQjRw&url=http://www.lifebridgeblogs.org/2012/11/22/myplate-the-new-usda-food-pyramid-guide/&ei=LIWKUZ3SD8HFPP3wgZAD&bvm=bv.46226182,d.ZWU&psig=AFQjCNH0UOk2nokgh1L9gTsDitLch84JoQ&ust=1368118941448109�

B Instrumental platforms for metabolomics

ICP-MS
NMR
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AMBIENT MASS SPECTROMETRY (AMS)

A new challenge for our labs?

?
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———————————————————————————————————————————————————
§ AMBIENT MASS SPECTROMETRY OPTIONS

[ Liquid and Gas Jet ] Mass Spectrometric

Desorption/lonization Characterization
(DESI, DeS5I, etc.)

Atmospheric Pressure

Matrix-Assisted Laser

Desorption/lonization
(LD, AP-MALDI)

=

Laser Desorption
{Ablaticn) with
Secondary lonization
(ICP, APCI, ESI, elc.)

Liguid Extracton
Surface Sampling
Probe/lonization

(LMJ-SSPIESI, APCI)

—/ Thermal Desorplion with

Secondary lonization
(APCI, etc.) Van Berkel et al J. Mass Spectrometry,
43,1181, 2008
ICT



} Novel fingerprinting technique:

AMBIENT MASS
SPECTROMETRY .~ |

Mass spectrum

Capillary
excited He
200- 400°C < THERMO DESORPTION,
APCI ionization
Sample
ICT
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§ 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

ITT1f

i
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] DART - HRMS has become an important
tool in routine food analysis / food

research r\

DART-TOFMS

(<

DART-orbitrapMS$S

g
S

AccuTOF LP (Jeol) Exactive (Thermo Scientific)

Time-of-flight mass spectrometer Orbitrap mass spectrometer
~ 5000 - 7000 fwhm ~ 10,000 - 100,000 fwhm
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' 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.
A
1 | 1007 '
(1) ¢ g = TIC record
Sample (5 ul) is placed on metal mesh. 130 - Lk GWS L lﬂ LR
Time (min)
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METABOLOMICS-BASED
CASE STUDIES

ICT
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Matebolomics based studies we have performed

» Adulteration of olive oil by hazelnut oil |

=® Fish feeding history authentication

®» Classification of bear origin, traceability

®» |dentification of geografic origin of honey ‘

® Authentication of fruit jjuice freshness |

® \Wines authentication ]

=» Authentication of apple varienty and the way of farming ‘

METABOLOMICS B AGRIGULTURAL Aro ' N
"OOD'GHEMISTRY Food Additives
i g : ANALYTICA CHIMICA

FOOD
CHEMISTRY

ACTA Contaminants

At ek R 8 ——
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NON- TARGET ANALYSIS:
Wine authentication




} WINE AUTHENTICATION TOOLS

&
~ CURRENT TRENDS
A A

Physico-chemical and/or FINGERPRINTING /
biochemical measurements PROFILING

Single or only a few Comprehensive information
markers on sample composition




e —————————————————————————————————————————————————
| METHODS FOR WINE AUTHENTICATION

HPLC-UV-VIS /-MS Infrared

(phenolic compounds) spectroscopy
SPME-GC-FID
SPME-GC-MS

DNA (biomethods) SPME-GCxGC-MS
x —

(volatile compounds)

13C NMR
ASAP-MS

DART-MS

(ionizable compounds)

AAS nebo ICP-MS

(minerals)

LC-MS
GC—FID (polar compounds)
(alcohols)



§ AN OVERVIEW OF ANALYZED

SAMPLES (WHITE WINES)
2

@ Chardonnay (n = 20)
@ Miller Thurgau (n = 20)

@ Rhine Riesling (n = 15)

2
=

= 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)
e

@ Cabernet Sauvignon (n = 15)
@ Merlot (n =16)

@ Pinot Noir (n = 14)

i
e

= 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

x103 Intensity (17895)

[ ] [ ] L]
| Positive ion mode
15j
10—_ 129.055
183.084
] 147.065
5 115.040 165.074
s 216.120

x10°  Intensity (93733)

Negative ion mode

801

60 1

Example: Cabernet o

133,011
Sauvignon
20+
149.007177.035
) ( 175-053\l 179.054
O T | T b T T T l T Il T T T | T . pee T T T T T | |l T
100 150 200 250 300

m/z



-
I CHEMOMETRIC ANALYSIS (wine directly measured)

Model: Cabernet Sauvignon vs. Merlot

25 markers 14 markers |

(DART(+)—MS, dir. meas.) (DART(-)—MS, dir. meas.)

(m/z) (m/z)

A A

PLS-LDA + model validation = PLS-LDA + model validation
(LOOCV) (LOOCV)

A A

i latent variables (LVs) i latent variables (LVs)

Recognition ability: 100% Recognition ability: 88.0%
Prediction ability: 96.0% Prediction ability: 88.0%



} DART: Direct measurement of phenolics
fraction isolated by EtOAc extraction

Shaking ‘
Ethyl acetate 2min
(3 mL) DART
Centrifugation analysis of
wine (3 mL) 11,000 rpm EtOAc
& added 5> min fraction

water (3 mL)



} PHENOLIC COMPOQUNDS

p-Hydroxybenzoic: o-hydroxybenzoic; salicylic: gallic; cinnamic; p-coumaroylartaric (= coutaric);

Phenolic acids caffeoyltartaric (= caftaric); feruloylartaric (= fertaric); p-coumaroyl glucose; feruloylglucose;

glucose ester of coutaric acid

Cyanidin 3-glucoside; cy 3-acetylglucoside: cy 3-p-coumaryl-glucoside; peonidin 3-glucoside; pn

Anthocyanins 3-acetylglucoside; pn 3-p-coumarylglucoside; pn 3-caffeylglucoside (?): delphinidin 3-glucoside:

dp 3-acetylglucoside; dp 3-p-coumarylglycoside; petunidin 3-glucoside; pt 3-p-coumarylglucoside:

malvidin 3-glucoside; mv 3-acetylglucoside; mv 3-p-coumaryglucoside; mv 3-caffeylglucoside

= | Kaempferol 3-glucoside; k 3-glucuronide: k 3-glucosylarabinoside (?); k 3-galactoside; quercetin
SOl 3-glucoside: q 3-glucoronide; q 3-rutinoside; q 3-glucosylgalactoside (?); q 3-glucosylxyloside (?);
iso-rhamnetic 3-glucoside
Flavan-3-ols and tannins (+)Catechin; (—)epicatechin; (+)gallocatechin; (-)epigallocatechin; epicatechin-3-O-gallate;
procyanidins B1, B2, B3, B4, C1, C2, polymeric forms of condensed tannins
Flavanonols ‘ ‘ ‘ G . ‘ .
Dihydroquercetin 3-rhamnoside (= astilbin); dihydrokaempferol 3-rhamnoside (= engeletin)




DART [-]: PROFILING of =
phenolics fraction isolated by )

EtOAcC extraction

High-MW phenolics
fraction

20

104

6.0

289.0609
Merlot
317.0213
] 287.0410 302.0334
285.0294~ ’ I 318.0282 345.0604
s x
T T T T T T T T T T T T I
280 300 320 340
m/z
289.0580 Cabernet Sauvignon
317.0112
301.0211
287.0393 295.0260 316.0053
318.0181
285.0283&[ ' 35,0699 ﬁ 333.0373
N "n
T T T T

4.0

4 277.0526
2.0

293.1035~_

289.0678

295.0439

303.0465

311.0411

Riesling

325.0553

339.0681
325.1735




IDART(+) measurement of phenolics fraction
- identification based on exact mass

. . Catechin
Gallic acid
x10°  Intensity (28866) Caffeic acid Resveratrol /
291.085

: - l erul/c acid a .
_ yroso uercetine
20 l Flavan 3-0of /
163.042[181.048 *

139,042 L 299083 08,007 338,339
| 199.061998.197 273.071
0- |

150 200 250 300 350

m/z _
Example: Cabernet Sauvignon * contamination



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

Gallic acid
|
3 Catechin
x10™ Intensity (85406)
_ w0 | Caffeic acid
j Feru//c acid Myricetin
50~
] ¢ 289.070
| 169.012
| 117.017 179. 03
l 147.024 219.050 287.052 295047 412 034
O_
150 200 250 300 350

m/z
Example: Cabernet Sauvignon



e ____________________________________________
} CHEMOMETRIC ANALYSIS (based on phenolics)

Model: Cabernet Sauvignon vs. Merlot

25 markers (parT(+)-ms, etoac 27 markers (pArRT(-)-Mms, EtoAc
fr.) fr.)

(m/z) (m/z)

\) \)

PLS-LDA + model validation =~ PLS-LDA + model validation
(LOOCV) (Loocv)

\) \)

i latent variables (LVs) i latent variables (LVs)

Recognition ability: 100% Recognition ability: 100%
Prediction ability: 100% Prediction ability: 100%




I CHEMOMETRIC ANALYSIS

Model: Chardonnay vs. Miiller Thurgau vs. Rhine Riesling

28 markers (parT(-)-Ms, EtOAc fr.)

(m/2)
\

PLS-LDA + model validation
(LOOCV)

\)

9 latent variables (LVs) _ | | | |
‘L ? b Funct 10(98.4%) 1 i
Recognition ability: 98.9%

Prediction ability: 93.6%

Funct 2 (1.6%)

® Chardonnay @® Miiller
Thurgau

® Rhine Riesling
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RECENT REVIEW SUMMARIZING
ICT EXPERIENCE

& December 2U1U; LISK Uused
Trends in Analytical Chemistry, Vol. xxx, No. x, 2010 Trends

Challenging applications offered by
direct analysis in real time (DART)
in food quality and safety analysis

Jana Hajslova, Tomas Cajka, Lukas Vaclavik

Direct analysis in real time (DART) is an ambient ionization technique undergoing a rapid development. With a minimal sample
pre-treatment, ionization of analyte molecules outside the mass spectrometer (MS) in the ordinary atmosphere is feasible. This
ionization approach relies upon fundamental principles of almospheric pressure chemical ionization (APCI). The current review




§ ANOTHER CHALLENGE : LC-MS, direct injection

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

ICT
PRAGUE



-
I 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+NH,].

* ESI - Higher pH (4.5) value was used in negative ion mode (ammonium
acetate) and [M+CH; COO]" could be detected.
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-
I Liquid Chromatography (UHPLC Ultimate 3000 Dionex-Thermo)

= Dijfferent columns were tested:
e (18 (RPLC)
e 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 um particles significantly
increased column separation efficiency and chromatographic resolution.
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PRAGUE



e
B 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

ICT
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l UHPLC-Q Exactive: Method development

eth - Thermo Xcalibur Instrument Setu

LC
settings

Properties

vmhdm Properties of the method

«) Ch E Global Settings
- use lock masses best
show all properties False

settings

Dianex
Chromatagraphy

[ Exactive -

Orbitrap MS 1 i
Experiments Praperties of Full MS / dd-M52 (TopN)
Templates £ H General
System templates Runtime 0to 13.5 min
Polarity positive
@ Rl M-St Default charge state 1
& AF Inclusion -
- Exclusion -
ORIl MS / AIF ¥ Tags _
QQFUH MS / dd-MS2(TopN) ’ B Full MS
Resolution 70,000
© TargetedSI AGC target 1e6
@ Targeted-MS? Maximum IT 250 ms
Scan range 80 to 1200 m/z
8 g TargetedSIM /-2 | a7 T
'&TIFUH MS / AIF / NL dd-M5* % Resolution 17,500
AGC target Sed
Maximum IT 50 ms
Loop count 10
TopN 10

Isolation window 6.0 m/z
Fixed first mass
NCE

[P El dd Setti
Acquisition modes o
Intensity threshold 5.0e4
Apex trigger -

Charge exclusion -
Peptide match -
Exclude isotopes -
Dynamic exclusion

FULL MS-ddMS?

This acquisition method consists in a high resolution

MS survey scan followed by MS/MS using a data
depending settings.
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I 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
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I Chemometrics analysis: Red wine samples (PCA-DA ESI+)

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.

o :‘ :
-

'
<>

-
Spatburgunder

""""""" !'_:..' ""';'"’""""\".'"."";"' ) B mT T T =TT
] &
\Tempranillo
= Merlot
g
b |
IcT e ——
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l Chemometrics analysis: red wine samples (PCA-DA ESI+)

Spatburgunder

Tempranillo

_\\\\-§_;
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-
B Identification of markers: Workflow

" |dentification of markers using PCA discriminant
analysis.

" Xcalibur®:

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

* dd-MS? data depending acquisition (Pathway)

" Libraries: ChemSpider 2
The free chemical database }Wi
5.8 MassBank hmp

.: Scripps Center For Metabolomics
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-
I Chemometrics analysis: Red wine samples (PCA-DA ESI+)

*> *>
o v I®

*

e o O
>
L 2
-
2 3

Merlot
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e ——————————————————————————————————————
B Chemometrics analysis: Merlot markers

.
Merlot

MARKER (m/z 603.13)

ICT
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B Chemometrics analysis: Merlot markers (Workflow

C:\Thermo\..\dd settings\Data\merlot 1 5/15/2013 11:41:40 AM ml
RT: 0.00 - 13.50
NL: 3.05E9
100 Base Peak 80-1200 m/z e s es
8 7 0.57 ESIFull ms
g % Merlot sample [80.00-1200.00] WS
2 ] merlot 1
S 604
o
< J
2 409 5.35 12.85
& 207 171 179 6.30 8.03
[7) .
r < 0.68 L 5.10 || 5.55
1043 ) X 239 276 S0 384 436 453 >° 5.92 647 678 729 7.86 /\ 823 903 918 9.6
0 5.24 NL:7.37E6
1004 m/z=
] 603.13108-603.13712
80- Extracted lon Chromatogram 0313108603137
] ms [80.00-1200.00]
60 m/z 603 136 MS merlot 1
40
20
] 4.44
0 T T T T T T T T T T T
0 1 2 3 4 5 6 13
NL:5.01E7
merlot 141964-2002 RT:
» 1007 5.21-527 AV:3 T: FTMS +p
& 7 ESI Full ms [80.00-1200.00]
& 807 147.06522
é 60 Cs H“11 O4
< 7 | 171.14918
| 391.28426
2 404 [ CuHwO, 29T 24911223 CasHzr 04  438.21239  479.08233 558.25484 " 603.13430
% 207 / w078 o Hi7 O7 326.26898 364.19663 C25H26 O7 C21H19 013 C27H26 O13 Cos Hz7 O1s
& W b i bl ot carmos | ‘ L 17" 63029660 70125521 730.25668
399.07112 NL: 6.93E6
C20Hi15 Og merlot 1#1806-2214 RT:
1005 5.23-558 AV:2 F:FTMS +p
] ESId Full ms2
80 603.13@hcd30.00
E 50.00-635.00]
60-] [ ]
404
E 231.06288 603.16788
207 165.05464 CiaHii 04 259.05800 333.08626 367.09997 441.11588 490.00219 543.14747 C28 H27 O1s
0: CoHo O3 | Ci14H11 05 C13 H17 O10 C17H19 09 ‘ C23H2109  C20H10015 C27H27 012 ]
LAAAS ARARI RAARI LA AR L LA LA B A L LR L AR LA L EEAR LA AL AR LA R LA LA R LAl LA AR LR L EERLl LA ARk R LA RN LA LA MR LLAAN RN LR LA T AR A R
150 200 250 300 350 400 450 500 550 600 650 700 750
m/z
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B Chemometrics analysis: Merlot markers (Workflow

Elemenrtal composition

) merlot 1 #1960-1979 RT: 5.18-5.21 AV: 2 NL: 1.26E6
Single mass T: FTMS + p ESI Full ms [80.00-1200.00] Molecular Formula MS
Mass: 603.1343 - 603.13464 C..H..O
C28H27 015 28" "26 ™15
M resuts 10 |2 1003
ldx Formula RDB | Delta ppm| E
- 90
1 | CzrHzi O N7 | 21.0 -DZ J
2 | CzaHzr s = 0,243 857
3 |CzaHzz01alz | 180 1.883 804
4 [CzHiOsNiwo | 215 1.992 759
5§ |CzsHzzO41MNg | 205 2480 | El
707
5 |Cza4HzzO1zNs | 185 4210 E
7 |CaoHiOTNs | 255 4678 655
s |CzzHzi O12Mg | 170 6436 |7 § 60—
@ -
Fle.. | [ st | | smuse 2 557
a 3
Limits i 507
Charge: = = =
arge: 1 |5 g 45
Ko |
E 701.25478
Mass tolerance  10.00 352
RDE equiv: -1.0-100.0 SCE
Elemerts in use 25;
Isotope | Min | Max | DB eq. Mass 20
TN | 0 | 10 | 05 | 14003 151 579.18514 610.18481
180 0 15 0.0 15.895 3 Ca26 H27 O15 596.19782 630.29647 688.27137
12C 0 30 1.0 12.000 10; Cag H20O1s 640.22292 06.200
1H 0 | &0 | 05 1.008 7 72.28522 706.20971
55 621.16121 645.17987 662 209666 85 [
o | 1\‘\\ Ly [ L L ) | L1l |
rrr|rrr 1111 rjr1 1 rj+rrrjrrrrjrrrrjrrrrjrrrrJjitrrr 111t 1 1t 11 [ T T T T [ 1 T T T [ T T T T [T
580 590 600 610 620 630 640 650 660 670 680 690 700 710 720
[ Load... ] [Sa\reas...][ Apphy ][ Help ] miz
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B Chemometrics analysis: Merlot markers

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

Eriodictyol 7-(6-galloylglucoside)
s SatippCentar For Matsbolomics

C28H26015
Flavonoid Glycosides

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

399.07112
C20Hi15 Og

H$

©
a
|

?\HmHﬁ\muﬂmﬁ\\HU\.I\H\?\H%M\ﬁ\\H‘{IHH?\HH‘IH\?HHT\HﬁH i

Relative Abundance
W W M M O O 0O N N 00 0

N N

/'
/l\ﬂ/ /l§

231.06288 C28H27O1s
Ci13H11 04
165.05464 259.05800 367.09997 441.11588 585.15679
CoHo O3 Ci14H11 Os C17H19 09 C23 H21 Og Cog Has O14a
Il VTR L I} =
71 r 1 o~ 111 ] |~ rn~ o~ T, o~ ] 7T r 1 T T T T 1 T T T T 1 T 1 1§ [ T T T T [ T T T T T1T
150 200 250 300 350 400 450 500 550 600 650 700 750
m/z

R
o

%‘H

a
IR

o
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L
B 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.
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e
B Future trends

" Chemiometrics analysis:
* ES|- 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

ICT
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ASSESSMENT OF OILS AND FAT OXIDATION
EXTENT




I CHANGES OF FATS /OILS DURING PROCESSING

ALTERATION CAUSATIVE COMPOUNDS ORIGINATED
AGENT

HYDROLYSIS moisture + Fatty acids
+ Diacylglycerols

OXIDATION air + QOxidized monomeric triacylglycerol
+ QOxidized dimeric and oligomeric
triacylglycerols
+ Volatile compounds (aldehydes,
ketones, alcohols, hydrocarbons,
etc.)

THERMAL CHANGES temperature + Cyclic monomeric triacylglycerols

+ |someric monomeric triacylglycerols
+ Nonpolar dimeric and oligomeric
triacylglycerols



———————————————————————————————————————————————————
§ AUTOOXIDATION OF FATS / OILS

» Accumulation of oxidation products in oils / fats and fried foods
» Adverse health effects of oxidation products upon ingestion

Initiation RH — R + H.
R +0, — ROO

Propagation oo . RH — ROOH + Ry

Termination R +R — RR

ROO 4+ ROO- — ROOR + ©O2
RO-+ R — ROR

ROO- + R-— ROOR

2RO+ 2RO0 —™ 2ROOR + O

m ICT
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e ______________________________________
Conventional strategies in oils / fats g%
quality assessment

TRIACYLGLYCEROLS
V.
I FATTY ACIDS | <GC-FID (% FAME)
TITRATION
(peroxide value)» HYDROPEROXIDES <
|
v v
ALDEHYDES EPOXIDATED SPECIES N
KETONES HYDROXYLATED SPECIES TRIA(PZ(Y)II:IBI\IZIEC?IIECI;OLS
HYDROCARBONS ALDEHYDES, KETONES
A
AAA
GC-MS, HPLC-UV, UV SPECTROSCOPY (anisidine value)... HP SEC-RID

Pad

High-throughput analytical methods for

monitoring of oxidative degradation
some innovattion needed....

ICT
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B Samples

various fresh refined vegetable oils were sourced from retail market

OLIVE OIL (PV 4.6)* HEAT-TREATMENT
RAPESEED OIL (PV 2.0)* % Heating of 25g of oil in a beaker (n=3)
SOYBEAN OIL (PV 2.2)* % Heating time 0 — 7 hours
PV22) » » Controlled temperature 180 + 2°C
SUNFLOWER OIL (PV 2.3)*
—
PALM OIL (PV 0.6)" oh 1h 2h 3h 4h 5h 6h 7h

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

IBT
ARAGULEE



§ OXIDATION OF TRIACYLGLYCEROLS

DART-MS SPECTRA (POSITIVE ION MODE): DILUTED OLIVE OIL

902,81 +— 000

IBT
ARAGULEE

100 POO N
%0 = [M+NH,]* [V+NH.]
0 N
4 876,80
5, FRESH OIL
5% 7 PLO LOO
§ 50 [M+NH,]* [M+NH,]*
240 - PPO N\ N
E“j 20 3 POPo [M+NH,] LLO 90080
2o (MR X | MR
E 850,78
10 o 848,77 872,77 898,78
07\\\\\'\ \I\\.\‘\l\\\\\\h\\ \\'\'le'\'\\\\\\\ \lw\\\\\‘\“\ \‘H\\‘H\\H‘\“\ \l'\\\\'
840 850 860 870 880 890 900 910 920 930 940 950
m/z
POO
100 — [M+NH,]* 90281 «+— 000
] N\ [M#NH,J
90 5 o
HEATED OIL (4h,180°C)
80 —
70 5
g o3 PLO
60 -
g - [M+NH,]" |g7760 LOO
3 50 877, +
27 PPO [M+NH,]
240 5 [M+NH,]* \ A%
% 30 = POPO / 900180 ’) ?
@ :[M+NH ]+ \ - 946,84
N 4V g50.78 874,78 LLO 918,81 |
3 [M+NH,]? 934,80
10 o 84877 ‘ “
0 :\ 1 \'\“\ = l\ I '\“\ ‘\ ‘\ L R B B R ‘\'l\ ‘\ ‘\“\h\‘\ ‘\“\“\ T l\“\"\ T \‘\“\||\h\ I \l‘\ \h\llw'\ T
840 850 860 870 880 890 900 910 920 930 940 950
m/z
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B OXIDATION OF TRIACYLGLYCEROLS

DART-MS SPECTRA (POSITIVE ION MODE): DILUTED OLIVE OIL

HEATED OIL (4h,180°C)

160 (A 16Da /\/@/\/

EPOXYDATION
160 (A 16Da
000
100 902,81 \/\/\/\/\\
E FATTY ACID CHAIN ™
%03 cibc HYDROXYLATION
80 |
0 003 62 2150 (A 32Da /\/&/\/
geof
<(50* So
240 - HYDROPEROXYDATION
&307 946,84
20 900,80 904.83 918,81 '947 ,
10 j 905,83 o670 ok 934,80 04878
899,77 908,79 913,75 3 921,83 932,79 936,82 944,83 ©:1© 950,80
05 “ n‘ h\ f A 4 I h h . h‘ : L h‘ A\ ﬂ‘ H‘ j‘ K ” j A‘ ﬂ‘ ?2‘;\178‘ 929\’71\1 T l\ L j\ H\ l\ "?7378\}81\ ?43\)'81\ A\ h\ I h\ h?5‘2{18\1 1
900 905 915 920 925 930 940 945 950 955
iy 16D -
A 32Da
A 48Da
IBT
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§ Oxidation of triacylglycerols

®» CORRELATION WITH TAG POLYMERS CONTENT f’%
OLIVE OIL Level considered
safe for consumption
v

[EE
oo

16 )
. R'=09730 /
12 :

10 ‘/

‘\

O00+1%0/ OO0 INTENSITY RATIO (%)

0.00 2.00 4.00 6.00 800 1000 1200 1400 16.00 18.00
TAGs POLYMERS (%)
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B B-SCISSION FRAGMENTS OF TAGs

DART-MS SPECTRA (POSITIVE ION MODE): DILUTED OLIVE OIL

C|)_OH
R, C00 ( CH, ) CH, CH,—/CH CH——CH—R, —> R CO00 ( CH, ) CH, CH, CHO
n n
HYDROPEROXIDE FRAGMENT 1
—p R; CO00 ( CH2> CHs5 CHj
n FRAGMENT 2
R——CO00 ( CH2/ CH3 *CH *CH:CH—RZ
—P Ry CO00 ( CH, ) CH, CH, OH
: FRAGMENT 3
PLO-C.H
[M+N|-?4]+14 LOO'C9H1§+O
100 PLO_Clol:_ile LOO_C11H18 764,67 [M‘I'NH4]+
= PLO'C11H18 [M+NH4] [M+NH4]+ PLO'C9H16+O 792,67
T MENHT [M+NH,]*
% 4 76;5 ) 778,65 LOO'C8H1§+O
I 738,66 750,66 [M+NH,] LOO-C,H,,+O
g 60 f ['V“"\"'|4]+
ER. 804,67
% 40 818 69
¢ 20 | | s TI 747,65 || 76283 776,64 l I 790,65 I 820 0
_ 733,63
Ofnl‘ I : ‘ ‘ ‘ : ‘ ||‘ l‘ I‘ || ‘ III'-‘ I|| ‘I |I|.|l| | : I‘I II ||I I ||l 816‘66 ||||‘l :
720 730 750 760 770 790 820 830

m/z

g
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§ COMPREHENSIVE VIEW ON THE DATA

» PRINCIPAL COMPONENT ANALYSIS

TAGs & OXIDIZED TAGs (22 IONS) ‘ STEROLS & OXIDIZED STEROLS (8 IONS)
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} MONITORING OF ANTIOXIDANT ACTIVITY

» OXIDATION OF SUNFLOWER OIL (120°C, 2h) WITH AND WITHOUT
ADDITION OF ANTIOXIDANT (GALLIC ACID, 100ppm)...

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)

DART-MS SPECTRA (POSITIVE ION MODE)
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] CONCLUSIONS: FUTURE CHALLENGES

= 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
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