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Overview

Liquid Chromatography coupled to tandem Mass Spectrometry
(LC-MS/MS) with a SCIEX 4000 QTRAP® system was used for
comprehensive fingerprinting of several fruit juices. Metabolomic
data processing tools were used for authentication, i.e.
classification of juices and adulteration detection. The developed
statistical model was able to reliably detect 25% of orange juice
adulteration with apple or grapefruit juice. In addition, high
resolution and accurate mass MS and MS/MS measurements
using the SCIEX TripleTOF® 5600 System were performed to
identify characteristic markers for fruit juice authenticity.

Introduction

The production of fruit juices represents an important and rapidly
growing branch of the beverage industry. Besides orange juice,
which is produced and consumed in the largest volume
worldwide, other fruit juice types, such as those obtained from
pomegranate and various types of berries, have become popular
because of high levels of antioxidants resulting in positive health
effects. Similarly to other highly prized food commodities, the
economic value and large-scale production of juice made them a
likely target for adulteration and fraud. The most frequent profit-
driven fraudulent procedures applied, either alone or in
combination, are dilution with water, addition of sugars or pulp
wash, and extension of authentic juice with cheaper alternatives.l'

As the adulteration of fruit juices represents an ongoing problem,
suitable analytical methods are needed to control authenticity
parameters dictated by the legislation (Council Directive
2001/112/EC 2001). Until now, a number of methods have been
developed to tackle various aspects of fruit juice authenticity.
The most established approaches are based on profiling of
carbohydrates, phenols, carotenoids, amino acids, or other
organic acids using different chromatographic and spectroscopic
methods.*®

All of these methods are of targeted nature and can only be used
to monitor one or few specific adulteration practices. However, it
should be noted that fraud performers are usually one step

ahead of the available testing methods, as new and more
sophisticated adulteration practices are continuously developed.
Therefore, analytical approaches for more comprehensive insight
into chemical composition of fruit juices and its changes
associated with adulteration are needed.

The field of metabolomics, a systematic study of the unique
chemical fingerprints of samples, has recently found its
application in many research areas including food quality and
authenticity assessment. Advanced data mining tools are
required to process and interpret complex data obtained within
metabolomic-based studies.®

In this study, the feasibility of LC-MS/MS techniques employing
QTRAP and TripleTOF systems for metabolomic-based
authentication of fruit juices (including apple, blueberry,
cranberry, grapefruit, orange, pomegranate, and their mixtures)
was explored. Complex LC-MS/MS data were processed using
Principal Components Analysis (PCA), Principle Components
Variable Grouping (PCVG), and Linear Discriminant Analysis
(LDA) to assess the suitability of the data to differentiate juice
types and to detect their adulteration. In addition, high resolution
and accurate mass MS and MS/MS data were acquired for
characteristic marker compounds to empirically calculate their
elemental formulas and for tentative identification.’
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Experimental
Sample Preparation

Different fruit juices made of apple (n = 16), blueberry (n = 1),
cranberry (n = 1), grapefruit (n = 16), orange (n = 19), and
pomegranate (n = 1) were purchased from Czech and Canadian
supermarkets. Collected samples represented both freshly
squeezed juices and juices prepared from concentrate, and were
produced in various countries. Mixtures of different juices were
prepared in various ratios to simulate adulteration.

Fruit juice samples were centrifuged to remove solid particles,
100x diluted, and transferred into autosampler vials for analysis.

LC

LC separation was achieved using an Agilent 1200 LC system
with a Restek Ultra Aqueous C18 column (50 x 2.1 mm, 3 um)
and a gradient of water with 5 mM ammonium acetate and
methanol with a total run time of 10 min. The injection volume
was set to 10 pL.

MS/MS

The SCIEX 4000 QTRAP® System equipped with Turbo V™
source and electrospray ionization (ESI) probe was used for
metabolomic fingerprinting of juice samples. Full scan MS was
acquired in EMS mode over a mass range of 100 to 1000 amu
using dynamic fill time to avoid possible ion trap saturation for
highly abundant compounds while enhancing sensitivity for
compounds present at low concentrations. Information
dependent acquisition (IDA) was used to automatically acquire
MS/MS data when an MS signal exceeded a threshold of 3000
cps. The collision energy was set to 35 V with a spread of +15 V.

Marker compounds were tentatively identified by processing MS
and MS/MS data acquired using the SCIEX TripIeTOF® 5600
System. The system was operated with the DuoSpray™ source.
The ESI probe was used for sample analysis and the APCI
probe was used to perform automatic mass calibration through
the calibrant delivery system (CDS). TOF-MS (100 ms) and
TOF-MS/MS (50 ms) acquisition were combined in an IDA
method.

Results and Discussion

Chemometric Analysis

Juice samples were analyzed by LC-MS/MS in randomized order
to avoid any possible effect of time-dependent changes in
chemical fingerprints. Full scan MS chromatograms were
processed using PCA and PCVG in MarkerView™ software.

PCA finds combinations of variables that explain the variance
present in the data set. For each principal component (PC),
every sample has a score, and every variable has a loading that
represents its contribution to the combination. It is common
practice to plot the scores and loadings for two PCs to visualize
results and to identify characteristic marker compounds.

The scores plots for different juice samples analyzed in negative
and positive polarity are displayed in Figures 1a and 1b. PCA of
the data set revealed three separate clusters of apple, orange,
and grapefruit juices samples, showing differences in LC-MS
profiles associated with the fruit type. However, it is apparent
that more pronounced clustering and significantly better
resolution among sample clusters were obtained for positive
ionization data. Therefore, only data recorded in positive
ionization mode were further used in this study.
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Figure 1a. Scores plot of PCA of apple, orange, and grapefruit juice
samples analyzed using negative polarity LC-MS/MS
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Figure 1b. Scores plot of PCA of apple, orange, and grapefruit juice
samples analyzed using positive polarity LC-MS/MS

Note that two orange juice samples (# 4 and # 39) are located
slightly separated from the main cluster of all other orange juice
samples. This indicates a potential adulteration of these two juice
products.

The corresponding loading plot in Figure 2 shows the variables
that make the most difference in separating juice samples. It can
be used to identify the molecular ion and retention time of
characteristic marker compounds.
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Figure 2. Loadings plot of PCA after PCVG of apple, orange, and
grapefruit juice samples analyzed using positive polarity LC-MS/MS
showing identified marker ions (m/z, retention time pairs)

Characteristic marker compounds of a group of samples are
located in the same area of the loadings plot as the group is
located in the scores plot. PCVG was utilized to automatically
group variables to facilitate data interpretation. Four
characteristic groups of variables were identified to be
responsible for clustering of samples representing respective
fruit juice types (apple group 5, grapefruit group 4, orange group
3, and all citrus fruits group 1).

Characteristic marker ions (m/z, retention time pairs) can be
displayed in profile plots to verify the unique occurrence of
marker ions in tested juice samples. Selected marker ions, i.e.
203 at 0.5 min for apple, 603 at 4.4 min for grapefruit, 633 at 4.5
min for orange, and 130 at 0.5 min, 144 at 0.7 min, and 160 at
0.5 min for citrus fruits are shown (Figure 3).
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Figure 3. Profile plots of six selected marker ions for A) 203 at 0.5 min for
apple, B) 603 at 4.4 min for grapefruit, C) 633 at 4.5 min for orange, and
D) 130 at 0.5 min, 144 at 0.7 min, and 160 at 0.5 min for citrus fruits

The suspicious and potentially adulterated orange juice sample
show slightly higher levels of the apple juice marker and lower
level of characteristic markers for orange and citrus.
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In a next step, the detection of adulterated orange juice was
quantified by comparing laboratory prepared mixtures of orange
juice with apple juice and grapefruit juice at different adulteration
levels (Figures 4a and 4b). The LDA statistical model
constructed with the use of statistiXL software (Nedlends, WA,
Australia) was able to reliably detect 25% of orange juice
adulteration with apple or grapefruit juice. Both recognition and
prediction abilities of the model were 100%.’
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Figure 4a. Scores plot of PCA of apple, orange, and grapefruit juice
samples and mixtures of apple and orange juice
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Figure 4b. Scores plot of PCA of apple, orange, and grapefruit juice
samples and mixtures of grapefruit and orange juice

The model suggests an adulteration level of the suspicious
orange juice samples (# 4 and # 39) of approximately 50% with
apple juice (Figure 4a).

A similar experiment was carried out for other types of fruit
juices, including apple, blueberry, cranberry, pomegranate, and
their mixtures to simulate adulteration.

The loadings plot presented in Figure 5 shows that PCA can
separate between these types of juices. However, only one juice
sample was available per fruit type. Thus, the data set does not
reflect the natural variability of the investigated fruits, but proves
that LC-MS/MS with metabolomic processing seems to be
applicable to these fruit juice types.
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Figure 5. Scores plot of PCA of different juice samples and their mixtures

Tentative Identification of Marker Compounds

The identification of characteristic Marker compounds represents
the most laborious and time-consuming step of the metabolomic
workflow. Accurate mass MS and MS/MS measurements using
the SCIEX TripIeTOF® 5600 system were performed and data
were processed using PeakView® Software (version 1.2) to
empirically calculate molecular formulas and to automatically
perform online database searching for potential structures.

The formula finder uses high resolution accurate mass
information of the molecular ion, adducts, isotopic pattern, and
fragment ion information to empirically calculate potential
molecular formulas for the detected compound. Furthermore, the
calculated formulas are then automatically searched against
online databases, like PubChem, Nist, and ChemSpider, to find
possible matching structures.
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The examples presented in Figures 6a and 6b show the tentative
identification of the characteristic marker ions for orange (633 at
4.5 min) and grapefruit (603 at 4.4 min) as the flavones
glycosides hesperidin and naringin. In both cases the molecular
ion was automatically identified as Na-adduct.

The characteristic marker ions for citrus fruits (130 at 0.5 min,
144 at 0.7 min, and 160 at 0.5 min) were tentatively identified as
N-methylproline, N,N-dimethylproline, and hydroxyl-N,N-
dimethylproline. Figure 7 shows screenshots of the fragment
prediction tool of PeakView® Software. In all cases, 100% of the

fragment ion intensity of the MS/MS of the precursor ion 130,
144, and 160 were explained by the structures of N-

oo O B s, e | O S o 1500 50 | O g [ v 1 8 ot 10 Vo750 b 50 methylproline, N,N-dimethylproline (proleine betaine), and
et B331812
a e hydroxyl-N,N-dimethylproline (betonicine), respectively. The
. g
fw Hp presence of betaines in citrus fruits was previously reported by
0 ot | P . 8
b ‘ o Servillo et al.
o
“ S A
S Es o D e S R N
o) o ][ i o
e B ] e w3 o raermibeaver
R R ) - EICToaC o I B T T T e O o A IO B O T 08
o
4 (CIH26NSO7 6331817 220 (47 6 | 089 1 o 2 FB1E_[68 o3 0% 0%
= |G |emmar [ 30|+ Tran | < oo | ) = MS/MS of 130
6 |CoMuN017 (61750 80 |58 5 | 848 | 6 | 00 || peneneio [COMIDONIO0Z 1 o 13, 5 ™
7 CHHNOI0 (6317 210 88 7 123®) 7 | 07 Oy o] ax - g e
e [ H
HC/thoteostoms grederthon (1| lentpe [Moboh )y Laddtinalion o
b
(Find_] M5 et | MSMS Detss | CompeurdDetats P . xzn]us .
Ha | Fomdo we  ROB pom Mo, MMSMMS o || perasfor comsions, hemsdermatch 42 | [ © BB % J E3 ® ® £l % £l E] E A R A R R R R R R R 5
1 CoHaN1003 (6331776 180 | 17 1 | 5418) | 4 | 00 ChemSpider Matches A fespidn o it Mass/Chage. Do
> T 17 120 | 95| 3356 3 [0 || 1 [ sHptey2ishdonbes oot CEMUOTS, MomBI0EZ | Fagnens | Pesks
G [l [oe |+ Torm 3 Ton ]| 2 Do . e ey | o | o
4 CIHENBO?7 6331817 220 47 6 081 1 0 3 [ (25)5Hydrouy-2{3hyckomy-4methony. | 670013 [208 | @& |oees |
5 [Cowaneo1d 601763 130 |38 | 2 | 749 | 5 | 00 ! E.‘Q;‘&ﬂ?éﬂim M 20605 7172 = oot
6 C2HMN017 (6331790 80 |59 5 4@ & 00 h
7 (Comoorn s (210 | a8 | 7 138|707 || 3 D et R ~¢V° s 1200055 ane @ Jom
8 [ SI5Hyda2(hdon-nethoy, - mmw
9 [ (2515Hydowy 2{3ydrony-dmethany... ¥ o
v
Figure 6a. Tentative identification of a marker ion characteristic for T T ]

‘Specn from LCTOFMS gapelut (3)will sanele 1) - papeiu (43 11000, Expeenrd 4. +TOF M52 (50 - 1000) o 0.609
Plecusor 1441 0a, CE: 350 CE=35

orange (633 at 4.5 min) as hesperidin based on empirical formula finding E
and automatic online database searching wron

@
MS/MS of 144
0
g
LI
. waas
=
w| e | s
e o YO gl 1 et 107 WS 0000 o 25 T3 | S o CTOFRS sl ol 1 Y00 st & 07 W5 260 Y007 o 126 7 A L. s L o \
7o . o 1) 5. por 10 W5 (100 S fon LETORYS gl N I R R R R T R T R
o o MosChage 0a
s 1ris
4004 w0 - n mthcine, solocted composon: Cgby 1 (980964 03 Fuagments| Pesks
35e4. 0% i
. . MorErooe [ p— )

200 g ™ N,N-dimethylproline s |25t I [ |
& 25w £ o ET=] X = Jom |
oo - Gy CHy o 0% [EED &__Joow |

o I [ = N/ i =% & o

-
1008 - 1441000 10000 & oo
Tz T7i7s = o0 ]
5003 8051730 0% w100 0 [
i e T s
ood
CIR TR TR T TR S T [ N ®
Mo Erage 0a Mo Erage. 00
ity ) (o] 5o w55 Do G
- - Matches: 7 of 7 peaks, 100.0% of total intensity
o [ - I S MSHS MsMS ]| iscope chuser detie Ghags| 1 NS reeh mammayfoxNeti32014 L
M Rark ppm  Rark TS Eiverety | Wi Spectuum from LETOFMS gepeltal (43wl (sanple 1] - grepeina (3] 11000, Experver 2, +TOF M2 (50 - 1000] fom 0339 min

1B 6031684 120 | 00 2 53 3 0:R ol Precuor 1801 Da, CE: B0CE-6

E Bl © s w0 Joon oot
2 w20 45| 5 150 1 w2 o

o 1@ e w4 ooe 0%

s i 0 | 23 5@ 3om | 2 Lo || |12 0T o o0 b
4 |comamnoos_|ameri w0 | 22| 1| 73m | ¢ | on - | MSI/MS of 160
5 |CoMaNG012 6031657 130 | 44 3@ | 9200 | 5 | 00 || Elementstom g o

g

s Comamaos omisu 80 | 65 | 5 1300 6 |00 || o Covmonnam g =
7 H: 1 1. 77 wim| 7 n P - c

cwos a1 710 | 9 IRECEE [ O 1.

Inenstytcearce () [0 o] e om0
HCheteosons gestrthn (1| lentpe:[fibsh v/ Lol e
10% {50168 700845 +
T020s
——— ; :
MS Detsis | MSMS Detsis | Compound Detads E] £ o % TR 7 R T ) W w0 % @ zZe 2 @& 20
MosEhage s
W s Y ;
W Famis w8 ot o .
P Rark pom Rark  etolsfor C2n2014, Chemspdermatch#2 | [ © B8 © | - MW“ e Gttt (5206510 G =
+ MM e w0 0 2 s3m | 3 o || ChomspiderMotches B — P S S Sl . et
Cetin s w e o)
2 cowawios e 20 (45| 5 w1 o2 | o2 dosphersb oo, o 3 Hydroxy-N,N-dimethylproline S SCE | C
o i - ' 550168 202 0001

5 comamuono om0 |23 3@ 39m | 2 | o4 || 2 e o _on " o o

+ Cowaonoos smren (10 | 22| 1| 23m) | 4 on || 3 Ol SHdemziensosmentioos N on E i o
o
5 |C23H28NGD12 (6031657 130 | 44 3() | %2( | 5 | 00 4 O S0 Anthsacenone, 10betaD gheco 97 ToT oh a 580644 043 0001
6 C2HILNDI6 (6031644 80 66 6 137 6 00 5 O stion iy 0, 0. OH

6 [ (25)5Hydowy-2{4-hydkonypheryi 40, I 700645 406 0,001
7 cwmos e 20 | 37| 7 wim| 7 (om || 3 O em I . s = o
8 [ (1511 5rydo {135)5 beta D ghc. o K 070 EED )
9 [ (1535455 EA RIS aceion) L. ¥ L ™ 0074 20 a001
jEL] 75 o
o L T o

s 100 10 1000 of ety

Figure 6b. Tentative identification of a marker ion characteristic for
grapefruit (603 at 4.4 min) as naringin (naringoside) based on empirical

Figure 7. MS/MS fragment ion prediction for N-methylproline, N,N-
formula finding and automatic online database searching

dimethylproline, hydroxy-N,N-dimethylproline, 100% of MS/MS ions are
explainable supporting the tentative identification in citrus fruits

PeakView® Software also allows comparing structures
(imported mol-file obtained from online database search) with
accurate mass MS/MS information to further increase
confidence in identification.
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The most characteristic marker compounds for apple juice were
tentatively identified as hexose (CsH120¢) and sugar alcohol
(C6H1406). However, the existing LC-MS/MS data do not allow
discrimination between the isomeric species of sugars and sugar
alcohols.

Summary

Comprehensive, non-target LC-MS/MS with metabolomic data
processing was demonstrated to be a powerful tool for fruit
authenticity assessment. The SCIEX 4000 QTRAP® System was
used to collect information-rich full scan data to discriminate
different juices using statistical processing with PCA and PCVG.
It was possible to reliably detect orange juice adulteration of 25%
with apple or grapefruit juice. The feasibility of this approach for
authentication of other highly prized fruit juices, such as
pomegranate, blueberry or cranberry, was also shown.

Finally, characteristic marker compounds for each juice, pre-
selected during PCA, were tentatively identified by processing of
accurate mass MS and MS/MS data generated with a

SCIEX TripIeTOF® 5600 System. The formula finder integrated
into PeakView® Software automatically evaluates accurate mass
information of the molecular ions, the isotopic pattern, adducts,
and MS/MS fragment ions. Resulting molecular formulas are
automatically searched against online databases to find
matching chemical structures.

For Research Use Only. Not for use in diagnostic procedures.
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