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} FOOD: A COMPLEX COCKTAIL OF CHEMICALS

Food fiber NATURAL COMPONENTS -
primary and secondary [ CONTAMINANS ]

Natural toxins / metabolites

Environmental
contaminants

antinutrients

Nutrients -
Primary flavour SO

Fraudulent components - esticide / vet

compounds : : ugs residues
UNKNOWNS
B|ologlcally Minerals ;m;:";%-_» , Migrants from food
active M e Sl . contact materials
compounds,

Toxic metals

beneficial
(antioxidants...) [ Products originated during]

processing ) Food additives

Need for new analytical approaches to detect food fraud



FINGERPRINTING TECHNIQUES FOR FOOD
FRAUD DETECTING
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UCT Prague — wide platform of cutting edge HRMS
technologies for authenticity / safety testing
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Fifteen most problematic food commodities for
economical adulteration in the previous decade

Milk and milk products, 1%
Chinese star anise (/Mlicium verum Hook. f.), 1% @

Beeswax, 1% Sesame oil, 1%
Strawberry puree, 1% \\
Grape wine (Vitis vinifera), 1% @

Vanilla extract (all), 2%

Maple syrup, 2% & Olive oil (all), 14%
Apple juice, 2% /»_-

Coffee (all types), 3%

Orange juice (all), 4% Milk (all), 11%

/ Honey, 7%

Saffron (Crocus sativus L.), 5%

http://nabc.cals.cornell.edu/Publications/Reports/nabc_23/23 5 3 Moore.pdf



APPLICATION POTENTIAL OF HIGH RESOLUTION
MASS SPECTROMETRY

Analytica Chimica Acta 645 (2009) 56-63

Metabolomics (2012) 8:793-803
DOI 10.1007/511306-011-0371-7

Anal Bioanal Chem (2014) 406:6791-6803

DOI 10.1007/s00216-014-7864-y ANALYTICAL&
BIOANALYTICAL

CHEMISTRY

PAPER IN FOREFRONT

fg Metabolic fingerprinting based on high-resolution tande
spectrometry: a reliable tool for wine authentication?

Josep Rubert - Ondrej Lacina - Carsten Fauhl-Hassek -
Jana Hajslova

origin recognition

Tomas Cajka - Katerina Riddellova - Metabolomics (2011) 7:500-508
Monika Tomaniova - Jana Hajslova DOI 10.1007/s11306-010-0266-z

] Department of Food Analysis and Nutrition, Faculty of Food and Biochemical Technology, University of Chemistry and Technology, Prague, Technicka 3, 166 28 Prague 6,
Czech Republic




Moving ahead with HRMS fingerprints...

‘CLASSIC" APPROACH

A set of physico-chemical and/or biochemical /Q 5
measurements = TARGET ANALYSIS of one

or few markers

. \"7 NOVEL STRATEGY ] Y‘t
FOOD! Metabolomic fingerprinting -
INTEGRITY/| =N

- NON TARGET SCREENING " =) |
. ) =
=» complex characterization of matrix pattern ,
®» detection / identification of "unknown /\ k
components (even retrospective) \

®» identification of a set of composition markers
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IMEETABOLOMIC FINGERPRINTING

... a comprehensive analysis of

broadest possible range of small
molecules (<1200 Da) without a

particular bias to specific groups of

— :
= B metabolites
=
=
S

... arround 7,000 - 15,000 metabolites within = oo S

.....

individual plant species )



e
YPICAL METABOLOMIC WORKFLOW

GC, GCxGC El, CI sIM, SRM | ALIGNMENT
NORMALIZATION
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: (IONS) DATA

) sAvPLES PREPARATION (DATA ACQUISITION) e 2 T
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: HYPOTHESIS? SEPARATION IONIZATION MS ANALYSIS PCA, ANOVA,
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1
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! purposes, METABOLOMICS STANDARD ONLINE/OFFLINEULTRA-HRMS  STATISTICAL
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Case study # 1

DISTINGUISHING OF BOTANICAL ORIGIN
OF BERRIES (LINGONBERRIES VS. CRANBERRIES)

10



e
LINGONBERRIES VS. CRANBERRIES

Vaccinium vitis-idaea " Vaccinium macrocarpon
,Rock’ or ,mountain’ cranberry ® ,Large’ or ,American‘cranberry

Berries from Nordic countries, ™ Major commercial crop in the
the Baltic states, central and United States and Canada
northern Europe

Size of fruits: 5-10 mm ® Size of fruits: 9-16 mm

Price of fresh berries: 1.3 €/kg  u price of fresh berries : 0.4 €/kg

Up to 2x higher content of
phenolics and proanthocianidins

Sensory and phytochemical similarities may lead to confusion or
intentional substitution of the two crops (=adulteration)




AIM OF THE STUDY

£
e Development of extraction procedure '?,o'?

//V77/|/

\/ e |C-HRMS analysis, data processing, markers characterization

\/ e Assessment of stability of markers
during food processing

D
Ro
o/
//l/ G

e Analysis of markers in processed foods }

e Assessment of authenticity of the lingonbery-based
products




SAMPLES ANALYZED WITHIN THE INITIAL
METABOLOMIC FINGERPRINTING (15! step)

= Fresh samples (stored in freezer)
— 15 authentic samples of lingonberries (Vaccinium vitis-idaea)
— 10 authentic samples of cranberries (Vaccinium macrocarpon)

SAMPLES ANALYZED WITHIN THE ASSESSMENT OF
SUITABILITY OF MARKERS FOR PROCESSED FOODS
(2"d step) *

* Dried samples
3 samples of lingonberries
(Vaccinium vitis-idaea)
16 samples of cranberries
(Vaccinium macrocarpon)




SAMPLE PREPARATION &

~ 1st STEP > O P & 4
Polar extract h“- u_

1 g of sample with 5 mL of methanol f ’ e WL

Ultraturrax
Centrifugation

2nd STEP ] Bl R e

L Non-polar extract

|

Repeated extraction of solid residue VP AR N 7 11 N7 Iy TN PN 1IN
with 5 mL of hexane/2-propanol . >€ >
Vortex Vaccinium Vaccinium

Centrifugation vitis-idaea macrocarpon



e
I UHPLC-HRMS analysis SCIEX

UHPLC-Thermo Dionex UltiMate 3000

Non-polar extract Polar extract

" Column: BEH C18 " Column: HSS T3
(2.1x100 mm, 1.7 um) (2.1x100 mm, 1.8 um)
Column temperature: 60 °C Column temperature: 40 °C
" Mobile phase: " Mobile phase:

A: 5 mM ammonium formate in A: 5 mM ammonium
H,0:MeOH (95:5) + 0,1% formic acid formate in H,O

B: 5 mM ammonium formate in B: MeOH

iPrOH:MeOH:H,0 (65:30:5) + 0,1% formic acid

MS(MS/MS)-TripleTOF™ 6600 (Sciex)

" m/zrange: 100-1200

" lonisation technique: ESI +/-

" This technology allowed: Sensitivity, Speed,
Resolution and Mass Accuracy




U-HPLC-HRMS/MS metabolomic fingerprint of
polar extracts of fruits

Lingonberries
| ESI+ ‘ (Vaccinium vitis-idaea) | ESI- |
[ ‘ 3e7 -
4e7 | \ | ‘
Z? 3e7 2e7 l |
E 2e7 A ‘
1e7 A
1e7 |
0e0 - 1 72'":% 4 5 6 %% 8 9 10 11 12 13 000 ’i 2 ké 4 56$7 Mé 9 10 11 12 13
Time, min Time, min
Cranberries
5y (Vaccinium macrosarpon)
4e7 A
2 3e7 - 2.0e7 4
E 2e7
1.0e7
1e7 -
T T s ® 5 5 o O = % % % & 3 T N 2 1

Time, min Time, min



Multivariate PCA analysis of polar extract

PC2 Score

| ESl+
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e
Multivariate OPLS-DA analysis of polar extract

Scores plot e CIMEA

ESI+ [ T BY UMETRICS
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Multivariate analysis of polar extract
S-plot (EsI-)
A

0.5

p(corr)[1]

-1

lons contributing in the
most extent to the

variability of the
samples CRANBERRIES
@)
o
-0.5 -
LINGONBERRIES ,1_::‘
_ ‘ae) 086 I R
-04 -0.3 ~ —2.2’ 7/ -0.1 0 0.1 0.2 0.3

P[]

SIMCA 13.0 - 27/05/2016 01:44:13 PM (UTC+2)




e
Marker identification: cranberries

(Vaccinium macrocarpon)
ESI- m 2015-10-012 cranb...20 +- 0.0025 Da, Gaussian sm AIE SCIEX

m/z 479.0857
= 3eb
2 228 |
[}
= = Myricetin 3-glucosid i
: yricetin 3-glucoside
Oc 3_‘5 4_'[:, ) 45 ETD 100 MID: 50836 ESI Q-TOF Pa rent Ion
MS Time, min
10-012 cranbernes ...5 (100 - 12007 from 4.299 t«
75
479.0826 R . Lo
= Aed Ed on o o
g _g 50 OH. 4] - .
8 : . LTI
= 480.0856 : DT 1 e e
DeMan n .l 481'IEILB"I4 R 5 "“/(;[uu —
475 430 43 432 433 434 —
Mass/Charge, Da
MS/MS 2 cranberries ... -TOF MS"2 (50 - 1200) fro 0 ) 100 200 300 4o sto
Mass (m/z)
2 20000 216.0229 N— S ‘
g 1000 s | 217020 4790827 gzgl” METLIN
= 178.9989 1 | L LTS *
T L —= —— ! T T T T NI_GR('.),\I;K K
150 200 250 300 350 400 450 ==
Mass/Charge, Da

Found elemental compositions | Findany | |  Find FormUIa flnder

i M5  M5SMS  MSMS a

Hit  Formula m/z RDB ppm ook e Rank Fnunl_ C21H20013

L C21H20013 479.0831 120 |11 | 5@) | 1.3(8) | 9 | NAM myricetin.3.glucoside

5 |C1FHI6NEOT11 4750804 (130 | 45 7 2009 10 | NAAK
= — Mass error <3 ppm




o
Plot profiles of markers of cranberries

(Vaccinium macrocarpon), ESI- [/ ESI+

479.1/4.4 (1255)

25000{ HovrsﬁA\nd A,, B Howequ B Myricetin-3-g|UCOSide ||

449.1/4.6 (999) ' . . . .
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é‘, 1570702)/11(1229) Howez?ndB Nacec arrnr = N 2 nnM
& o) o Pilgrim 2nd B H n.2_ . .
1000 pugn 7&“ T erana S!r:ngetm 3 arib‘mogde ‘
? 507.1/5.1 (1512) ’ — :""‘". T -
o -
oo | &) Syringetin-3-glucoside

463.1/4.1 (891) g 25 | PEOnidin-3-g|UCOSide F' pPpm
Mc Farlin 2nd B
4e4 | Ben/L%\A /\’/.\.\ Mass error =1.3 ppm
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B Me Earlin 2nd/A . . . .
, 4y [ROTAI(724) Peonidin-3-arabinoside
(2]
c
g el 3041 TBenLearzndA Ben Lear 2nd B Mass error = 1.6 ppm
§ 2.5e4 1 Pilgrim 2nd A Howes 2nd B
1e4] o 2004l Mc Farlin 2nd A Stevens 2nd B B
@  15e4
0e0 &
1.0e4 1 Vaccinium Vaccinium
5.0e3 macrocarpon vitis-idaea
<€ >
0.0e0 - : . r
Howes 2nd A Pilgrim2nd B Stevens 2nd B Sanna 1st  Koral 1st Koral2nd A Ida2nd A Sussi 2nd B
Sample (by group)




CHARACTERISTIC MARKERS FOR DIFFERENTIATION OF
CRANBERRIES AND LINGONBERRIES

Myricetin-3-arabinoside C,oH15015 [M-H]- 449,0726
Myricetin 3-glucoside C,1H50013 [M-H]- 479,0831
Syringetin-3-glucoside C,3H,,045 [M-H] 507,1144 |
Peonidin 3-arabinoside CyH,0010 [M+H]* A”’\\.i‘y\“)’/v
Peonidin 3-glucoside C,,H,011 [M-+H]* ¢ W \V

Markers for Vaccinium
vitis-idaea (Iingonberry)

Catechin 290,0790
Procyanidin B [M-H] 577,1351

1-O-feruloylglucose C16H2000 [M-H] 355,1034




CHARACTERISTIC MARKERS FOR DIFFERENTIATION OF
CRANBERRIES AND LINGONBERRIES

SOME MARKERS CAN BE PRESENT IN
OTHER BERRIES

Peonidin 3-arabinoside C,1H20040 [M+H]* 433,1129
Peonidin 3-glucoside C,,H,,04, [M+H]* 463,1235

Markers for. Vaccinium SUTGER

vitis-idaea (lingonberry) formula

CateChih C15H1406 [M"H]‘ 290,0790




FRESH VS. DRIED FRUITS, markers
stability during the food processing

24



FRESH VS. DRIED FRUITS, markers stability

Lingonberries fresh

3 SD = 21,377.6 ) (@) . ° .
____________________________ 7 oo _____. Lingonberries dried

2'SD = 15,901.6 @ ® b _: .

* e 7 s ¢ Cranberries fresh
T m/z 479.0836

I 77— Myricetin-3-g|ucoside

f)

m/z 463.1240
s | Peonidin-3-glucoside

m/z289.0730
Katechin




t[2]

-200
-400
-600

-800

FRESH VS. DRIED FRUITS

Multivariate PCA analysis of polar extract

A

600 -
400 -

200

Lingonberries fresh
Lingonberries dried
6 @ Cranberries fresh

I o Cranberries dried

H4
—_—— FU"U ll€NG
-1,500 -500 0 500 1o Q€ & po
1) ‘?5S€ R
.,Aq/Pt:&'
— Different markers for dried fruits? r

— Reaction (thermal degradation)
products of original markers?




METABOLOMIC PROFILING (MARKERS ANALYSIS)
IN PROCESSED FOODS

Metabolomic fingerprinting rather unsuitable for
multicomponent foods

— Cranberries / lingonberries are often the minor component of foods

— High variability in food composition - difficult to create multivariate
models from fingerprints obtained



RESULTS: CONFORMITY WITH DECLARATION,
REVEALING OF FRAUD (fruit juices)

z

. . - )
; : Lingonberries #2S
Lingonberries 10%

30 %

S-Sty

Crannber@®:s
10 %

=

eranberries
20 %



Case study # 2

AUTHENTICATION OF COLD
PRESSED OILS OF VARIOUS
BOTANICAL ORIGIN

29



Cold pressed (virgin) olls

» Gentle pressing at low
temperatures
» Advantages compared to refined

oils

= Delicious taste and smell

= Natural color
=  Presence of valuable biologically active components

» Composition:

= Lipids - mainly TAGs, free FA, minority of DAGs, MAGs
= Lipid accompanying compounds: alcohols, terpenoids, . ;.
vitamins e




Cold pressed (virgin) olls
» Protective effects against lifestyle diseases (e.g.

Cardiovascular)

» Results of epidemiological studies - healthy
Mediterranean diet with a high use of olive oll

Productsand senvices—— Mediterranean diet: A heart-healthy

Natural Remedies eating plan
and Conventional MAYO
Medicine . s e .

B The heart-healthy Mediterranean diet is a healthy eating plan CLINIC

.5-—__-;—_- based on typical foods and recipes of Mediterranean-style W

cooking. Here's how to adopt the Mediterranean diet.

By Mayo Clinic Staff

Learn More » If you're looking for a heart-healthy eating plan, the Mediterranean

diet might be right for you.

» Expensive commodity — subject for frauds!
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AIM OF THE STUDY

Iy,
Gé“,?p&//v
Y

(&Y

b\
\/ e Development of extraction procedure

\Y

/ e |LC-HRMS analysis, multivariate analysis

\/ e Markers characterization

\Z

e Assessment of stability of markers
during oils oxidation
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SAMPLES ANALYZED

12 types of cold pressed plant oils:

Argan (roasted seeds) (ROA) 7. Nigella sativa (NS) — =1
Argan (raw seeds) (RA) 8. Red pumpkin (RP)

Gold flax (GF) 9. White sesame (WS)
Brown flax (BF) N\ 10. Black sesame (BS)
White poppy (WP) “ <" 11.Milk thistle (MT)
Blue poppy (BP) %4/ 12.Hemp (HE)

Fzesh vs. oxidized (10 days at 60°C)




WORKFLOW OF SAMPLE PREPARATION AND DATA
PROCESSING |

3 mL MeOH:H20
80:20 (v/v))

Loadings for PC1 (20.5 %) versus PC2 (14.3 %), Pareto
636.6/8.0 (4695)
337.1/3.5 (1279)

0.20 ® 638.6/8.6 (4723)

0.15 o 643.5/8.6 (4784)

612.6/8.4 (4360) 1040.7/4.7 (7670)
547.5/8.4 (3922) 630.5/6.9 (4583) &

@ qes-977.6/4.1(7368)
1058.6/4.5 (7727)

!

0.00 1

PC2 Loading

1 g of sample

«
005 296.3/5.0 (798)

2010 ®  ©® 1279.24.4(669)
277.214.1 (642)

-0.15 .2/4.1 (670)

idbidiidoneesbans

-0.1 0.0 0.1 0.2 0.3

PC1 Loading
S h akl n g @ BPC from 2015-11-20 ESI pos ails polar fracton dil 20.iff (sample 1) - periment 1, +TOF MS (100 - 1200)

@ BPC from 2015-11-20 ES! pos oils polar fraction dil 19.wiff (sample 1) - RAT'S, iment 1, +TOF MS (100 - 1200)
@BPC from 2015-11-20 ESI pos ols polar raction il 11.wif sample 1) - GF 0 a, Experiment 1, +TOF MS (100- 1200)
@ BPC from 2015-11-20 €S pos ols polar raction dil 8. (sample 1) - BF 0 a, Experiment 1, +TOF MS (100 - 1200)
@ BPC fom 2015-11-20 ESI pos ols polr raction dil 16.wif (sample 1) - WP 0.3, Experiment 1, +TOF MS (100- 1200)
@BPC fom 2015-11-20 ESI pos ols polr raction il 17.wif (sample 1) - NS 0 2, Experment 1, +TOF MS (100- 1200)
OBPC from 2015-11-20 ESI pos ols polar raction dil 14.wif (sample 1) - WS 0.2, Experiment 1, +TOF MS (100 - 1200)
©BPC from 2015-11-20 ES1 pos ol polar faction dil 23 wiff sample 1) - BP 0 2, Experiment 1, +TOF MS (100 - 1200)
@ BPC from 2015-11-20 ES! pos oils polar fraction dil 32.wiff (sample 1) - HE 0 a, Experiment 1, +TOF MS (100 - 1200)
©BPC from 2015-11-20 ESI pos ols polar raction il 24.wif (sample 1) - MT 0 a, Experiment 1, +TOF MS (100 - 1200)
©BPC from 2015-11-20 ESI pos ols polar raction il 25.wif (sample 1) - RP 0 a, Experment 1, +TOF MS (100- 1200)
@ BPC from 2015-11-20 ESI pos ols polr raction il 30.wif (sample 1) - BS 0.2, Experiment 1, +TOF MS (100 - 1200)

6e6 r

Centrifugation

|
466 “ 5210 |
|

Intensity

26 | “4-?“{&1} B L

.06 AT08( ( R M i

o . o) R L ‘

1 2 3 4 5 6 7 8 9 10
Time, min

9.865

UHPLC-HRMS/MS Multivariate analysis - PCA

MarkerView
(SCIEX)

Data processing PeakView (SCIEX)

Markers

identification

Triple TOF 5600 (SCIEX)
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Multivariate PCA analysis (ESI+)

Scores for PC1 (20.5 %) versus PC2 (14.3 %), Pareto

S0b .
e S€Same black, sesame white,

a8 dwso

WS 0b raw, argan roasted

,RAOb

1 RA10b ROAO

m Nigella

Gold flax,
brown flax

ativa and
hemp

-200

PC2 Score

-400
-600
-800 1

-1000

1 pumpkin, milk thistle
and blue poppy

WPOa

M. White poppy
~_o — 500

-1200 4

-1400

-1600

1000
PC1 Score

4 Score plot

Loadings plot =

Loadings for PC1 (20.5 %) versus PC2 (143 %), Pareto

PC2 Loading

0.20

0.15

°
® o ﬁsm.e/m (4360)
® 5747.5/8.4 (3922)

0.05 A

0.10

0.00 -

-0.05

-0.10 1

-0.15 1

636.6/8.0 (4695)
e  337.1/3.5(12h9)
® 638.6/8.6 (4723)

o
643.5/8.6 (4784)

20.7/4.7 (7670
630.5/6.9 (4583) ¢
®

Y
.. ® Qe 977.6/41(736
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Markers identification

Example for gold flax seed oil

PeakView
656.2118 XIC from 2015-11-20 ESI pos oils polar fraction dil 12.wiff (sample 1) - GF 10 a, Experiment 1, +TOF MS (100 - 1200): 1040.6570 Da
4:659
> 266 XIC (m/z = 1040.6570 Da)
= 1e6
Oe . . . . ; ; ; ; ; ;
1 2 3 4 5 6 7 8 9 10
Time, min

Spectrum from 2015-11-20 ESI pos oils polar fraction dil 12.wiff (sample 1) - GF 10 a, Experiment 1, +TOF MS (100 - 1200) from 4.564 to 4.880 min

5e5

MS

Intensity

OeO®

1040.6570 1041.6605
|

1042.6619

1043.6654

Mass/Charge, Da

Metlin

Spectrum from 2015-11-20 ESI pos oils polar fraction dil 12.wiff (sample 1) - GF 10 a, Experiment 8, +TOF MS"2 (50 - 1200) from 4.680 min
Precursor: 1040.7 Da, CE: 35.0

%0 1040.6622
2 MS/MS
a 2e5
9
§ 195 941.5895

602.3359 715.4‘1206 828.'5052
Oe . . — . L 1 : ' . ) |
100 200 300 400 500 600 700 800 900 1000 1100

Mass/Charge, Da

Formula finder
C47H85NQC)9
Cyclolinopeptide A

Mass error = 2.6 ppm

Navrzené sumarni vzorce
Hit Fomula m/z ROB ppm ank
|:> 73 |C54H93N30T6  |10406.. (100 |56 | 73
7 | C49H101020F | 006 | 05 | 46 | A
M1Mﬂ.ﬁ_. 20| 26| 75
76 |C47HI9NIOTTP2 |10406.. |10 | 46 | 76 .
77 |C50H99NSO11... |10406.. |50 | -38 | 76 .
78 | C49MT100NE0SPL | T0406.. | 55 | 7o | 7B
|$ 79 | CAHEENTOO 4 | T0406.. | 115 | 80 | 79
ChemSpider




Plot profiles of markers of gold flax seed oil

A7, .

Gold flax seed, brown flax seed

Cyclolinopeptide A . A o
BF 10 a
m/z 1040.657 | 106 ﬁj Pde
|
% i gt
5 2e5 A
z | GFO
& BFOa | a
e5 1 BFOb MT 10 b WS 0 b
BS10aBP10a BP[0b HE108 MTO2 \irygq RP10a RP10b %P ws10a
0e0 - : : - Hﬂm l_||_||_||—|IJ:LI_|IJ‘II7/—||T|I_|I_|
ROA10a RA10a BS10a BPOa BFOa GF10a HE10a MT10a NSOa RPOa WP10a WSOa
Sample (by group)
Cyclolinopeptide C
y PEP Gold flax seed, brown flax seed % QJ?
1 m/z 1074.608 s pr
BF 10 a 2 NH
1.5e5 - | GF10a [GF 10 b :,I C "
BF 10 b v o
Q NH
2 1.0e5 /aﬁﬂ z\,O
@ s /QEN 8 NH g
o} o/ H I
o 0/-‘
>0 BP 10 GFpa [prop RPOb WPOb
BP10a \ MTO0a NS10b RP10a RP10b
0.0e0 A . - _ Hﬁr[ﬂmmm%m#ﬂﬁ#ﬂ%mﬁ/ﬁ,...
RAOa BS10a BP10b BFOb HEOa MT 10 a NS 10 b RPOb WS 10 a

Sample (by group)



Multivariate PCA analysis, without flax seed oils
Scores for PC1 (24.5 %) versus PC2 (15.6 %), Rareto P -~ L= (ES I +)

Hemp "“E‘”;,E ,Broe 7 \
7/ ¥
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° R @ I Y -~ a _ 7 . . . ‘RA 10 a‘ Loadings for PC1 (24.5 %) versus PC2 (15.6 %), Pareto
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_800.Wh|te R ’1\0b@ RPODb . 0.25 4
. |
~ . 0.20
-1000 {POPPY ‘'~ - RoaStE ('j\a rean 6325772 (4623) 639.577.5(4731)  337.13.3(1279)
. ¢ . 0.15 1 ® 0 610.57.9 (4334)
12001 REd pumpkln . Roaob ® 173.1/3.5 (143)
/ & ROADba 0.10{ 303.2/5.2 (#82) p¢
-1400 . . =2 00 i o Jo
= 0.05 020 ® 233.1/3.5 (381)
-1600 - / .I b '. ®  636.6/8.0 (4695)
ROA 10 b / by 0.00 {2 y—. e
: |l _a . O LG o 6386BOWUTA)
-1000 N /s 1000 005{  © s °,
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-0.20 |
760!6/7.1 (5984)
-0.25 ]
78O 012 1 o 186.67.2 (6138)
. A . .
Loadings plot = e 00 X 0%

PC1 Loading



Plot profiles of markers of other cold pressed oils

340.2/2.5 (1338) White poppy

22000 - Papaverine N
20000 - m/z 340.1548 N O 3 WPOB WP 10b
15000 - : N
HEC\O =
e o RP 0 b
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5000 -
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T T T

04 oo
ROA10a RA10a BS10a BPOa BFOa GF10a HE10a MT10a NSOa RPOa WP10a WSOa

337.1/3.5 (1279) Sample (by group)

BS10b

- BS 10 a
Sesamin BSOa

m/z 337.1081

&’ 1.0e5

5.0e4

000 2 moomnna = ssee sseecg o el
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Zucchini factor B
m/z 664.4372

3 o
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o0 B
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Sample (by group)
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Plot profiles of markers of other cold pressed oils

760.6/7.1 (5984)

1.5€5 - ") Roased argan/\/\/\/\/\/\/\/i o PC 34:1
©oes T e s | m/z2 760.5877
.0e5 "’C/\/W\:/\/\/\/\[r ‘I:H:cu,

[a]
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FRESH VS. OXIDIZED LIPIDS, stability of the
markers during the flax seed oil oxidation

41



N
FRESH VS. OXIDIZED LIPIDS, stability of the markers
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APPROACHING TO THE END...




CONCLUDING REMARKS

= Broad application potential of LC-HRMS non-target
metabolomic fingerprinting of small molecules

Collecting a set of
authentic samples

7

Acquiring of
fli} fingerprints, creation
PRI of ,in house’ database “m

) Multivariate data '
—J
processing
' Targeted markers
profiling

ROUTINE PART

~

B
.

Identification of

RESEARCH-PART
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CONCLUDING REMARKS

= MAIN ADVANTAGES OF LC-HRMS:

= Low detection limits achievable compared to other
instrumental methods (IR or NMR), hence possibility to
identify unigue markers occurring at trace level

= Structural identification of markers is feasible in most
cases




CONCLUDING REMARKS

= MAIN BOTTLENECKS AND CHALLENGES — BUILDING OF
HARMONIZED LC-HRMS DATABASES:

= DATA HANDLING

- ,In house’ databases - inter-temporal data transfer
— ,Joint’ databases - interlaboratory data harmonization

4
41

" METHODS TRANSFER

—> Harmonized sample preparation r
protocols assuring uniformity and ﬁ i , [ ]
|

representativness of metabolomic
fingerprints are necessary ‘
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CONCLUDING REMARKS W

o

1/’ '
®= MAIN CHALLENGES FOR OVERCOM'IN/({* !
THE HURDLES:

To assure harmonization of input data as much as possible

= Define requirements for MS instrumentation used (e.g.
minimal mass resolving power)

= Assure high quality data alignment
= Define minimal treshold for intensity of input features

=  Develop the algorithms for compensating the differences
in response of different instruments (by using of suitable
matrix reference material)



