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I Red and blue berries

" Source of bioactive substances

UCT PRAGUE

® Flavonoids (anthocyanins, flavonols, flavanols)
® Tannins (proanthocyanidins)
® Phenolic acids

Health promoting properties
» Antioxidant activity

Anti-inflammatory activity

Prevention of weight gain

Preventive and therapeutic effects against UTI
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- Popular high value
% fruit products I
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I Lingonberries vs. Cranberries

Vaccinium vitis-idaea
" “Rock or mountain cranberry “

" Berries from North and Central
Europe, Balstic countries

" Size of berries: 5-10 mm
" Price of fresh berries: 1.3 €/kg

" Up to twice the total phenolics
and proanthocianidins content
(prevention of urinary tract
infection)

Sensory and phytochemical simmilarities may lead to confusion
or intetional substitution of the two crops
Adulteration practices: partial or total replacement of lingonberries by
cranberries

Vaccinium macrocarpon
" “Large or American cranberry “

" Major commercial crop in the
United States and Canada

® Size of berries: 9-16 mm
" Price of fresh berries : 0.4 €/kg

" More prelevant A-type
proanthocianidins
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Adulteration of red

and blue berries

" Substitution of high value berries
(lingonberry, bilberry or black currant) by
less expensive ingredients (swamp cranberry, chokeberry)

" Admixtures were reported mainly in case of
® Fruit juices
® Jams and purees
® Food supplements

®» Determination of fruit authenticity
® Quality control
® Consumer protection
® Unfair competition avoidance
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| Aim of the study

To investigate the applicability of HRMS baaed

METABOLOMIC FINGERPRINTING %@D’ﬁ\*\\

d(i{
for berries authentication (according to species)
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' Analyzed samples

11 fruit species

altogether 90 authentic samples
(frozen and dried samples)

® Cranberry ® Bilberry

® Lingonberry ® Black currant
® Raspberry ® Blackberry

® Red currant ® Chokeberry
® Strawberry ® Elderberry

® Swamp cranberry
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2nd STEP vitis-idaea macrocarpon
Non-polar extract

repeated extraction of solid residue with
5 mL of hexane/2-propanol

(50:50, v/v)

Vortex (1 min)

Centrifugation (5 min, 5 °C, 10,000 rpm)
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I U-HPLC-HRMS/MS conditions

U-HPLC-Thermo Dionex UltiMate 3000
" Column: HSS T3
(2.1x100 mm, 1.8 um)
Column temperature: 40 °C

" Mobile phase:

A: 5 mM ammonium formate in H,0
B: 5 mM ammonium formate in MeOH
" Injection volume: 4 L

HRMS(MS/MS)-TripleTOF™ 6600 (Sciex)

" m/zrange: 100-1200

" |onization technique: ESI +/-

" lon source temperature: 480 °C

= (Capillary voltage: +5000 V/-4500 V
" Collision energy: 35 eV (+/- 15 eV)
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I Metabolomic fingerprinting strategy
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I Multivariate analysis of polar extract:

PCA
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LTI
. b

03 . [ ] [ ]
RS . 0,‘ . -~ -
R Vaccinium macrogearpon
¢ ESI+ g ESI-
.: “. _— K . 1
. A - . 1
S1000 | ) 600 1 Sussi st v
Sanna 1st H H 400 i
. H 1 B LT : o
H . ] ot ., H =
§ 500 ‘rLinnea 1sto3 ! ., : G
: . Do Pilgrim2nd A %, 200 i
H Linnea 2nd A . [ ; (X ® H a1
o H H 1 H ‘ ., g H |
g P i Pilgrim2nd B & : [
S : : H -‘ ilgrim 2n —9 . 2 : 0 s+
8 i 0 SRS SR P R — -9 ____ : 3 : B
3 i L ! Ben Lear 2nd B } H e H a1
B L2 ! . : 260 B
. . * . . R Sl N K
: L1 : ! o,... Mc Farlin 2nd A .: B ‘/ L2 e ‘e, Howes 2nd B .'.0
B N i 5 s
‘_‘_500 { sussilst :. : . .., " R 400-“ |Koral 2nd A ‘ :: : LET T L
‘\“ Sussi 2n.d.A E I %) ~/ Koral—unripe.ls't i
; cores plots i« ¥ L 7
. 4 T r 0..- T “0 T T T
"..."_-_.“ 0 1000 5,().()..““‘ 0 500 1000
PC1 Score PC1 Score
760.6/10.2 (2457) ! 593 461.1/3.9 (1103) !
1 1
1
03 | ‘ 786.6/10.3 (2591) ‘ : 8 52
@  788.6/10.7 (2601) . 05 H
1 i T 1
‘ 1 1
1
02 | 787.6/10.4 (2597) Va r. a b I eS 04 | ' o
o * ! variapies
3572.1/4.7 (335) !
449.1/5.1 (810) ' 792.6/9.4 (2624 03 | :
01 | ! t -6/9.4 (2624) 591.1/5.1(2225) |
I 439.4/8.5 (769) I
o ! % o o 02 | ® r491i.1/3.7 (1373)
g 00 |______ CANREERAANE o " 3 o1 ® 459.6/3.9 (1096)
S o -+ 632.5/10.0 (1881) c% T P ! °
N
O ! 934.6/9.7 (3295 K
o 0.1 | . . : ./.7 ( ) o 00 4 ____ -
1
1 1
® @ | 6345102(18%4) 01 : °
[ J 191.1/0.5 (29)
02 |758.6/9.9 (2451) ! !
¢ 02 ' o
9434.2/3.9 (7é:3) 311.745.5 (4130)
Pl 1 3 aa 1
02 0.1 0.0 0.1 0.2 Loa lngs p ots -0.1 0.0 0.1 0.2
PC1 Loading PC1 Loading 10

UCT PRAGUE




T
I Multivariate analysis of polar extract

(ESI-) PCA-DA
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I Marker identification: vaccinium macrocaroon
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... Characteristic markers for
| ® 40 . Vaccinium macrocarpon
Plot profile
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" Plot profile expresses

behavior of a variable
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I Marker identificat
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I Identified characteristic marker

ICHS
o]

e e Petunidin-3-0-glucoside
Cyanidin-3-0-sambubioside m/z 479.1185; [M+H]*

m/z 579.1368; [M-H]

OH OH

OH
HO -

OH OH

Sorbitol
m/z 181.0732; [M-H]

Cyanidin-3-O-rutinoside
m/z 593.1525; [M-H]

| 3-0-methyl-epicatechin-7-0O-glucuronide
m/z 525.1256; [M-H]
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I Identified characteristic markers

Myricetin -3-arabinoside

Y m/z 449.0733; [M-H]"
Phosphatidylcholine (34:4) o

OCH,4
Ferulic acid
m/z 193.0520; [M-H]

m/z 754.5379; [M+H]*
X" "OH
HO

Apigenin-7-0-glucuronide
m/z 433.1120; [M+H]*

Flavonol triglycoside
C32H38019

5GH g1y m/z 725.1963; [M-H]-
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How does the drying process influence

the metabolome?
Thermal treatment induces a lot of changes
(interactions with amino acids, Maillard reaction...)

Does it affect stability of identified
characteristic markers?




I Markers stabilty: trend diagrams
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lTrend diagrams: Myricetin-arabinoside
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I Influence of drying on flavonoids: Myricetin
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Ilnfluence of drying on flavonoids : Quercetin

Cranberry
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I Influence of drying on phospholipids
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I Conclusions gl

" U-HPLC-HRMS/MS (6600 Sciex) technique was scsfuIIy
used for metabolomic fingerprinting, 11 species of red and
blue berries involved

" MarkerView (Sciex) allowed data processing, pre-treatment
and analysis to be carried out in order to find characteristic

markers.

" Phenolic compounds and lipids proved to be the most
significant markers enabling discrimination of berries
(methanolic extracts)

" Drying process was shown to influence the stability of certain
markers

" As several markers disappear there is a great chance of finding
new markers, which are originated during the heat treatment
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