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I Growing interest in metabolomics....
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I Central dogma of systems biology

" -omics: Unbiased large-scale analysis of molecules present in the
biological system

MRNA protein metabolite

3 ¥ I

genomics  transcriptomics proteomics metabolomics

https://www.ebi.ac.uk/training/online/sites/ebi.ac.uk.training.online/files/user/2760/images/Metabolomics/central_dogma_figure_1_.png

" Metabolomics: directly related to biological activity i.e. phenotype and
biological state
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I Metabolic reactions

= Set of reactions usually catalysed by binding -
enzymes : D & - degradation
" More dynamic than other —omes SR e
{ =
modification
Metabolomics fingerprint
4 y
=)
" A ,snapshot” of the metabolome '
can be taken classic biochemical reaction transport

https://www.ebi.ac.uk/training/online/sites/ebi.ac.uk.training.online/files/user/2760/images/
Metabolomics/metabolic_reactions.png

6 Department of Food Analysis and Nutrition 4
UCT PRAGUE



e
l Metabolome

" A set of small molecules inside an organism (matrix)

METABOLOME IS INHERENTLY VERY DYNAMIC

interaction both within and between biological

systems, and with the
EXTERNAL ENVIRONMENT

3

climatic conditions ¢ soil ¢ pests ¢ agrochemicals
CULTIVAR



https://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjo4um9-ePTAhUJJVAKHTBwBRgQjRwIBw&url=https://el.wikipedia.org/wiki/%CE%9C%CE%BF%CE%BD%CF%84%CE%B5%CE%BB%CE%BF%CF%80%CE%BF%CE%AF%CE%B7%CF%83%CE%B7-%CE%91%CE%BD%CE%B1%CE%BA%CE%B1%CF%84%CE%B1%CF%83%CE%BA%CE%B5%CF%85%CE%AE_%CE%92%CE%B9%CE%BF%CE%BB%CE%BF%CE%B3%CE%B9%CE%BA%CF%8E%CE%BD_%CE%94%CE%B9%CE%BA%CF%84%CF%8D%CF%89%CE%BD&psig=AFQjCNFlv4oTofRedaeol7BRniuEJbGAiA&ust=1494458357788172

-
l Metabolomics

" Oliver, 1998

" -omics with small molecules usually < 1200 Da

" Animals and humans < 3000 metabolites at the single moment
" Plants: > 5000 metabolites

GH OH ©

" High variability in concentrations ~AAN e

stearic acid (a fatty acid)

" High variability of structures eialiss
”2”\/\/\‘)3\0"
lysine ‘ cholesterol
(an amino acid) oo (a lipid)

Source:
https://www.ebi.ac.uk/training/online/sites/ebi.ac.uk.training.online/files/use
r/2760/images/Metabolomics/small_molecules_0.png
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» 200,000 metabolites occur in living organisms
» 7,000 - 15,000 within individual plant species
» ‘only’ 3,000 endogenous or common metabolites in human bouy

METABOLOME IS INHERENTLY VERY DYNAMIC

interaction both within and between biological

systems, and with the
EXTERNAL ENVIRONMENT

climatic conditions ¢ soil ¢ pests ¢ agrochemicals
UCT PRAGUE : o CU LT'VAR
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e
I Intersection of fields

" Metabolomics is at the intersection of three fields

Informatics :
Chemistry

Metabolomics



l In which fields can metabolomics be used?

Almost everywhere!
" Medicine

" Pharmaceutical science

" Environmental science
" Petroleum chemistry
" Food production

" Food authentication

6 Department of Food Analysis and Nutrition 9
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l Possible applications

" Biomarker discovery a_; , osponds o
i
" Personalised medicine

responds to
lower dose

®" Pharmaceutics evaluation

" Food safety d -

" Food authenticity

responds to
higher dose

" Pesticide action

responds to
alternative medication

( S Department of Food Analysis and Nutrition 10
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l Instrumental platforms for metabolomic fingerprinting

_METABOLOME

A

11
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e
l The expanding field of metabolomics

" While relatively new approach, the field is rapidly emerging
" Two leading technigues NMR and MS

1200 -

1000 - - MS

:*E 800 A . NMR

o

z B NMR + MS
= 600 -

E 400

5 400

Beyond the paradigm: Combining mass
spectrometry and nuclear magnetic 200 -
resonance for metabolomics.

Darrell . Marshall. Robert Powers « Published 2017 in Progress in nuclear magnetic resonance... = 0 . T
DO 10.1016/.primrs.2017.01.001 N o D é 60 6‘\ @ ch I\Q l\\ hg" h:b '\b‘ '\h '\‘-o
‘“P (1?5 AP RN AN N

Year
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e
I Metabolic unknowns

Reports that say that something hasn't happened are always interesting to me, because as we know,
there are known knowns; there are things we know we know. We also know there are known
unknowns; that is to say we know there are some things we do not know. But there are also
unknown unknowns — the ones we don't know we don't know. And if one looks throughout the
history of our country and other free countries, it is the latter category that tend to be the difficult

ones
Donald Rumsfeld, United States Secretary of Defense, 2002

6 Department of Food Analysis and Nutrition 14
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l Metabolomic strategies

Metabonomics

" Targeted

" Quantitative

" Coverage of small set of metabolites

" Biased — compounds from certain biosynthetic pathways, signalling
molecules

" Hypothesis driven e.g. Cannabinoid
metabolism

0.4 i A\
N | A N
d5 d6 47 38 39 4 41 d2 d3 44 d5 ds 47 48 49 5 81 52 53 54 85 56 57 58 59 b 61 62 63 64 65 66 67 68 69 7 71 72 73 14 15
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e
I Metabolomic strategies

Metabolomic profiling

" Targeted

" Non-quantitative

" Coverage of smaller set of metabolites

" Biased — commonly a group of compounds related by structure or
f un Ct Tela! PAC_1_1 RT- 000- 1500 Mass 100.00-1000.00 NL: 285E9 F: FTMS + p ESI Fullms [100.00-1200 00]

" Hypothesis driven e.g. phenolics
for wine authentication

6 epartment of Food Analysis and Nut
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I Metabolomic strategies

Metabolomic fingerprinting

" Non-targeted

" qualitative

" Coverage of large set of metabolites
" Least biased

" Hypothesis generating

17




-
l Metabolomics workflow

= All the parts must be carefully planned

" Quality control must be maintaned during the whole process

b \‘-..
\\ N
: .
M
=N

R | Statistical
Sample  Data ‘ . Q :
: | s - Data Processing ~analysis and 4
preparation acquisition / interpretation y
. / .///
~ ¢ Normalisation A " Overfitting
= Sample size = Normalisation = Internal standards * Models validation
= Variability = Extraction = Batch effect R
=Confounding factors = Repeatability = Criteria for peaks selection
. = QC preparation = Repeatability
- NGRS J \" - Y,

6 Department of Food Analysis and Nutrition 1 8
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I Metabolomics workflow

" Statistical analysis and interpretation is usually the most time consuming
step

\\
“ Marker

Statistical analysis :
/ selection

= First pass = tentative "Buying standards
=Second pass nclass = Targeted method

Biological N

Marker validation : ;
interpretation

="unambiguous

( S Department of Food Analysis and Nutrition 1 9
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I Sample preparation

" Generally very simple -> reduction of error
" Generic methods are used -> increasing coverage

" Derivatization may be neded for certain analytes

Department of Food Analysis and Nutrition

20




e
l Data acquisition

Requirements:
" Stable conditions throughout the measurement

" Quality control procedures

" Incorrectly acquired data -> useless results

SFC/LC-MS
fingerprint

2.92 4,56

.26
0g] g
.48
0 T T T T T T T T T T T T T T T T T T 7 T T T T Time
. » 1.00 200 300 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00
Department of Food Analysis and Nutrition ——
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-
l Data processing

" One of the most crucial steps in the workflow
N

Bad data + good processing = bad results
Good data + bad processing = bad results
\Good data + good processing= GOOD RESULTS

/
" Peak picking re— i

o : QFw o0 se 1 QF W OC
xl

0% [Cpd 5 «E51 ECC Scan C5_Gin_Dhr_sd x104 Semgple Groop: O hr

" Peak alignment : = T

" Data normalization l ! l

® Transformation f“
" Scaling : l ] | L

Tdadedn I 2dcdeal 3 B2 G4 EEGRE T M e s tE 1 18 120 A
ni C we Maas. ]
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-
I Statistical analysis

Univariate statistics Multivariate statistics

" More traditional approach " Simplification of multidimensional

" Useful for individual variable data

evaluation and filtering " Useful for evaluation of patterns in
the data

Scores Plot
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I Challenges - biological

Challenge 1: be able to characterize discrete signature

Limitation 1: it may be hidden by other sources of variability

Challenge 2: be able to characterize one system through the generation of a
unique metabolic profile

Limitation 2: the metabolome is a dynamic system ( for example diurnal and
seasonal variation in human studies...)

Challenge 3: be able to connect genome and metabolome (systems biology)

Limitation 3: difficulties to collect both informations

... these biological challenges correspond to future directions in research
4
Bec':'a:ﬁ?l}l :f Food Analysis and Nutrition ZZ



-
I Challenges - analytical

e Challenge 1: be able to characterize the whole metabolome

Limitation 1: at the moment, there is no such versatile instrument allowing to
analyze such chemical diversity

e Challenge 2: long term repeatability of analytical sequences (when 100’s to 1000’s
samples are analyzed)

Limitation 2: still insufficient stability of the MS-instrument acknowledged, need
for efficient way of normalization with Quality Controls

e Challenge 3: be reproducible between analytical platforms to allow comparison

Limitation 3: Used protocols are different, need for standardization procedures

e+ tHESE @nalytical challenges correspond to future directions in research ,2s
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I Summary

" Metabolomics is a large-scale study of small molecules (<1200 Da)
" Various applications: clinical, pharmaceutical, agri-food
" Untargeted and targeted approaches

" Planning and design of the study is crucial for succesful employment
of metabolomics

" Two major analytical aproaches: NMR and MS (hyphenated or not)
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Case study: WHAT IS THE ORIGIN OF THIS
GARLIC?

METABOLOMIC FINGERPRINTING EMPLOYING
HRMS MAY GIVE A RAPID ANSWER

4

\..J
FOO D Jana Hajslova, Vojtek Hrbek,

Misa Rektorisova, Monika Tomaniova
INTEGRITY




I Garlic (Allium sativum L..)
R L |

Top garlic producers in 2014

Production

Country (millions of tonnes)
Bl China | 20.0
== India | 1.25
| ) South Korea - 0.35
| — Egypt | 0.26
mm Russia | 0.26
World - 25.0

May include afficial, sami-official or eslimated data
Source: UM Food & Agriculture Organisation™™

e St S g Y One of the most important
e e e Bimliig b aff e e Gty
Bk ¢ e < vegetables throughout the world,

&
el et D b i g v oy B i amenar] prm

s -"-'“r-*r-a-a, e ST with a total annual production of
SR BRI 24 mil tonnes of dry bulbs

Department of Food Analysis and Nutrition Plantlng Of garllc’ 15th centu ry 28
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I Health benefits associated with garlic

Anticarcinogenic and
antimutagenic activities

Antioxidant

activity ‘\
5

T Antimicrobial activity

(antiprotozoal, antifungal,
/ antibacterial, antiviral)

\ Immunomodulatory

Other beneficial effects Garlic (Alli 4 activity
(prebiotic, relief of side effects arlic (Allium sativum)

of drugs and chemicals) l

Effects related to
cardiovascular disease
(hypolipidemic, hypocholesterolemic,
anti-hypertensive, anti-diabetic, anti-
thrombotic, anti-hyperhomocysteinemia)

( S Department of Food Analysis and Nutrition 2 9
UCT PRAGUE



e
l Bioactive compounds in garlic
oMPONENTS: )

UNIQUE €0 s-alklen)yi-t-
* Vitamins Sulfur Amino ACI(.lS (ACSO):
* Flavonoids cysteinsu\fomde;m *ropiin.-
° Minerals | alliin, isoalliin; methiitl,

< N
¢ .. - ’ N ——

sponfaneous secondary
reaction reactions

dithiines

> _coo” alliinase
z%ﬂﬁ/\r - z“"“ﬁﬁfﬂ SN | allyl sulfides
+

alliin pyruvate allicin ajoenes
+

ammonia

AROMA of freshly AROMA of culinary

_ B chopped garlic modified garlic 20

CT PRAGUE



I Garlic — a very popular vegetable in the Czech republic

[ e e e e e e e e e
1 1

Alike other highly valued food commodities, garlic may
become subject of fraudulent practices, mislabelling of its
origin being one of the most common one.

6 Department of Food Analysis and Nu 3 1
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} Fraud on garlic?

China Has Been Secretly Bleaching Garlic And Shipping It To The

U.S. Here’s How To Spot It.
® Food, Health

32



I Let"s search solution: FINGERPRINTS (?)

"CLASSIC” APPROACH

A set of physico-chemical and/or biochemical
measurements = TARGET ANALYSIS of one
few markers

NOVEL STRATEGY

Metabolomic fingerprinting
- NON TARGET SCREENING

®» characterization of components pattern

=» detection / identification of “unknown’
components (even retrospective)

®» identification of a set of composition markers
UCT PRAGUE | s andtton 33
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http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=yGE1INMMl0a4CM&tbnid=GluFOInmB9wQWM:&ved=0CAUQjRw&url=http://milan-kudela.fincentrum.com/reference&ei=IYV2Usi6BIzItAado4CYCQ&bvm=bv.55819444,d.bGE&psig=AFQjCNGpB64VnpUO2Jh-wbBYH3lows63SA&ust=1383585423358269

- p

l Assessment of HRMS based platforms employed
for fingerprinting purpose ?

Ambient mass spectrometry RORCRERIITEEICHE
DART - HRMS WV Limited scope, isomers unresolved

Direct infusion mass A Entire metabolome fingrrprinted
spectrometry

HRMS

W lon source contamination

Chromatography mass
spektrometry UHPLC —
HRMS/MS

A\ Two separation dimensions

WV Time demands, Rt reproducibility

34



l Garlic samples — experimental set by

0

The samples e delivered
from Crop Research
Institute in Prague

Variables |

e varieties
e morphotype
* origin

e growing parctices

Department of Food Analysis and Nutrition

W
Number of samples |
19 - Czech Rep b
17 — Spain ‘
11 - China

METHANOLIC EXTRACTS PREPARED

DI




Characteristic fingerprint
of the garlic samples

/

characterization,
authentication
of garlic samples

Department of Food Analysis and Nutrition
UCT PRAGUE

1. DART-HRMS

L3
..‘i\‘
Instrumentation: . '
* Exactive OrbitrapMS (Thermo) -
* DART — Direct Analysis in Real Time (lonSence)
103 Leucine Allin  Z"7" .
DART + (Czech garlic
3 (CaHisNO,) 8 1019 (CGHliNOﬁ) Allixin ( e )
o 70 1780532 & (CyyH150,)
E:E Proline detected
gm (CsHoNO,) S-allyl-cysteine 44 ers
ﬁ 30 I;.;-é':Jror .................................... (CeH,,NO,S) fe atu
2 86.0068 162.0551; IIIIII
Do 7T D W o b i ke P T o O s e
56IIII1EI|].'II15|0IIIIEDIOIIII25=] I300IlII35IOIIII40I(}IIII45|DIIII5CIIJ
miz
a0 Malic acid
100 T (CHeO .
% ::.f"“‘m:f [ ..... -;"iﬁinf‘) DART - (Czech garlic) |
® 3(CsHgNOS) ™| (CeHiuNOSS)
o 10 v d
176.0378 Glucose 1 detecte
(CeH1206C) 2 gtuers
2150822 fe
1':'3[[“3 A 19,7'“:21 . fzﬁ'm? 270.0828 303-0[?85 356.1[018
15|0 EDICJI L I25;] I ' I30llll ' I35|ClI 4D|0 4-5:0I L SCb
m/z 36




S
2. DI-ESI-HRTOFMS (direct infusion)

Instrumentation: Alternative to DART-MS
Synapt G2 —LC-QTOFMS (Waters) * DI: different way of ionization (ESI)
* No separation involved! e DI: better automation due to
* Mobile phase: MeOH:H,0, 50:50 autosampler
|
DI-ESI(+)-MS |
l 4411880
175 1224 758.5753 te d
. . =24 783.5685 featuers ) )
Characteristic "~ e gative
. . ' in
fingerprint of the o o (39
i [ 2010007, serore2d0a3TE | gar2rie £55.4670 716.5198 956.6835
garllc Samples ) ...'..ll...‘.*.lr‘.*.*..L....“.‘..L ....... e .ll!‘ '.L.L ...... st .*L.,lz ..... l—lﬁM
100 200 300 400 00 600 700 800 900 1000
|
o 2012 detected DART(+)-MS |
ﬁm; 132.1019 AA atuers ' )
y B 60 4 178.0532 fe at\\’e
. . 5 ] 1 -|n r\eg
characterization, 27 - (2
: : €20 4 o o |
authe.ntlcatlon I Ly p—
of garllc samples 0 '|"w1'{')|c')‘”|' w"\”'l'z“c")g"l ”l'”\'"'l‘égd'w"'\”'\'”\'4‘8(;‘%"“l"'l”'l's‘c')\(')“‘w"|'”|“”|é£)|{']”\"'\”'l'”\'T'E}B‘W”l”w"'l's‘f‘}B"\”'lm\"'lgbg"l"'\”'l"w;'dc\)‘o‘ ‘
m/z
Ega;tkﬂ;?&:f Food Analysis and Nutrition 37




e
3. LC-ESI-QTOFMS

Instrumentation: Synapt G2 — LC-ESI-QTOFMS (Waters)
* Column: HILIC (2.1x150 mm, 3 um)
* Mobile phase: Acetonitrile; H,0 (50 mM HCOONH, 0.2% HCOOH)

100- phospholipids 4.29 alliin  L-v-Glutamyl-S-allyl-L-cysteine
\;‘“ ( ) C (178.0534)  (291.1020) {arginimi:-
ES| + O RE (MeNH)! | S/ (1751190
Czech li NN Ty /" ss 7 choline glycerolphosphate
(Czech garlic) \.\ “PE (M+NH)* 522,/ / (258.1102)
/ # PI(M+NH,)* \'“-.\‘ g N
Ch N ¥ CHgNO, (7)
aracteristic N > (138.0551)
. ] 1.27 ;.45 (H \ H choline
fingerprint of the 428 L s . P (1081073)
garlic samples R 050 100 150 200 250 300 350 400 Py it s
100- 430 tuers
ed
ted
= 126 4% e mode:
(Czech garlic) in pos! ative
characterization, 5%
. . 0.99 3.47 _
authentication 1 A Y O AT Y e X
of ga rlic samples 0.50 1.00 1.50 2.00 250 3.00 350 4.00 450 5.00 5.50 6.00 6.50 7.00 7.50 B.UTlme

6 Department of Food Analysis and Nutrition 3 8
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-
I Validation of fingerprinting analysis

6 Department of Food Analysis and Nutrition
UCT PRAGUE

Repeatability of measurements expressed as relative standard deviation
(RSD, %), for each of the tested MS techniques

technigue HPLC-HRMS DI-HRMS DART-HRMS
resolving
power 20 000 20 000 50 000
(FWHM)
lonization . . .. . . .
mode positive negative positive negative positive negative
o 3.4- 3.7- 11.4- 12.5- 16.5- 19.3-
RSD (%) 6.8 7.2 18.6 184 226 284

39



l Statistical analysis — positive ions

1. step = PCA analysis |

2. step = PLS-DA / OPLS-DA analysis

LA
e
B} -
- A
b1
- 0.2
1.#
;'}r‘
f;;' 0.2
Q5.
= 4011 04

fo Recognition ability 85% to[l]
Prediction ability 75% '

AL
S n2
. . nz
a
[

Recognition ability 80%
Prediction ability 68%

| czechRepublic  [JJj China i spain

‘ DART-MS I ‘ DI-MS I ‘ LC-MS I

UCT PRAGUE |- e and trton 44 featuers 58 featuers 126 featuers




l Statistical analysis

Models from data of only 2 groups of samples, only 2 country of origin

m U's'l = i | — i Al B.s-‘ =l T —~ A2 jfk - it ‘ s A3
2' g Recognition ability 78% | ) "“ Recognition ability 50% '/ Recognition ability 58%
E | Prediction ability 75% ° .| Prediction ability 50% | .| Prediction ability55% |
3 o e | % 0y | — o § | —
< o oo | ® ? ?.:11 ° .'f © .. ﬂ-a oo
a e g _0' i e a g x e _' .
_-O.B -06 04 -02 1,o13;;‘m1 0.2 0.4 06 . 06 ACII.?I 0.2 I‘u:m;‘]'.‘m D.IZ 04 ' & 4 2 1_0030- 3 2 4
2 .« Recognition ability 92% | _.. | Recognition ability 96% | _ U Recognition ability 82% l
_t |: | Prediction ability 90% - 2" Prediction ability 90% -+ Prediction ability 75%
a R = ° _ ﬁ_m_*. v w o 7 5021 = -
L L ) B ¢ Mq .. ® ‘. .. 04_ .'._ f
o | | - 62| | G
m 1;] e - 40-- - — _‘ - o
E .| Recognition ability 100% | .=~ | Recognition ability 100% | .. | Recognition ability 100%
c’ . °| Prediction ability 100% | ; | Prediction ability 100% " Prediction ability 100%
=) Ee e e S o g -
45 @ @] P '”"’f o . ==
=20 . . ] ! - 60 | ¥ ! ! . R T T T T
. Czech Republic -china .Spain
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l Examples of markers identification

'}
A 1 @ 291103 =
OPLS-DA plot o loadings plot
40 - T ° @ 178,055 T 758,569 @
- p 0.2 4 {
1 ) ® S @ 380411 @ 852858 ®:32135
20 4 / . . “~ 4 @ 468967
2 Czech garlic & [ Spanish garlic g
g 7 0’—’ § ¢
E ® y 2 @ 138.057
- '\ § 0.1 iges 75,503
-20 ] e i @® 175121 2
. ® : 6
. [ ] P 02 | L] TSMW 5 @E64.542
.40 :
! L] ® 0.3+ | ®258112
60 T T T T T s 04 : T t T
40 30 20 10 0 10 20 30 0.3 0.2 0.1 o 01 0.2
1.00527 * t[1) 10.983826 * pq[l]
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lTentativer identified markers

exact mass, Appm,
ion m/z |:> isotopic profile, :> database |:> TENTATIVE IDENTIFICATION
calculated formula
. J
Ten the most important ions for the separation of garlic samples, sorted
by descending importance:

retention elemental  mass error . e
time m/z formula AppM tentative identification
5.03 178.0551 CeH11NO3S 1.7 alliin
4.29 758.5690  C4oHgoNOgP 0.7 PC (16:0/18:2)
5.99 175.1208 CsH14N4O; 0.6 Arginine
5.8 138.0570 C/H/NO; 3.6
5.04 88.0411 C3HsNO; 3.5 dehydroalanine/oxazolidinone
2.84 764.5425  Cy3H7408NP 2.9 PE (16:0/22:6)
5.24 291.1026  C11H18N20sS 1.0 L-y-Glutamyl-S-allyl-L-cysteine
6.65 258.1118 CgH2oNOgP 2.3 choline glycerolphosphate
3.45 575 5031 CarHecOu 0.0 fragment of PI (16:0/18:2), lost of

phosphatydylinositol part
Department of Food Analysis and Nutrition 4.36 332.1354 C8H22N507P 0.9 === 43

UCT PRAGUE




e
¥ CONCLUSIONS

® Metabolomic fingerprinting of garlic (MeOH extracts) performed by HRMS-based
techniques has been demonstrated to have a potential to identify garlic origin

Regarding the reporting value of generated data: UHPLC- HRMS > > DI-HRMS
>DART-HRMS

Excellent prediction ability, up to 100%, of OPLS-DA models could be achieved in
particular case

Marker compounds applicable for garlic screening

CONTINUOUS BUILDING UP THE DATABASE BASED ON THE DATA OBTANED ON
AUTHENTIC SAMPLES IS NEEDE TO GET ROBUST CLASSIFICATION MODELS AND
VALIDATED MARKERS '

ment of Food Analysis and Nutrition
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ABSTRACT

Depending on conditions in a growing locality and several other factors, marketed garlics (Allium sativum L.) may
largely differ in content of flavour significant compounds and other biologically active components. To enable
verification of tradefs declarations on the geographic origin, a new analytical, metabolomic fingerprinting, was
employed for analysis of 47 samples of garlic with the designated country of origin Czech Republic, Spain and
China. Non-target screening of metabolome components occurring in garlic extracts was performed employing
following three instrumental platforms based on high resolution mass spectrometry (HRMS): (i) ambient mass
spectrometry utilizing direct analysis in real time jonization (DART) ion source coupled to HRMS; (ii) direct
infusion (DI) of sample into electrospray ion source (ESI) coupled to HRMS; (iii) high performance liquid
chromatography (HPLC) — ESI — HRMS. Statistical models (Orthogonal Partial Least Squares-Discriminant
Analysis, OPLS-DA) models were constructed on generated data with the aim to identify the best HRMS tech-
nique enabling a reliable differentiation of a country of origin. The best prediction ability, up to 100%, was
obtained by processing the data generated by HPLC-HRMS. Alliin, phosphatidylcholine (16:0/18:2), arginine,
dehydroalanine, phosphatidylethanolamine (16:0/22:6), L-y-Glutamyl-S-allyl-i-cysteine and choline glycer-
olphosphate, were identified as compounds most contributing to a correct classification of the samples.
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