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APPLICATION BENEFITS INTRODUCTION

m | everages the ionKey/MS™ System and the Stevia rebaudiana Bertoni is a perennial shrub of the Asteraceae (Compositae)
selectivity of ion mobility collision cross family native to regions of South America. Stevia is of significant economic value
sections (CCS) for enhanced ionization/ due to the high content of natural, dietetically valuable sweeteners in its leaves.

transmission efficiency, providing greater It is referred to as “the sweet herb of Paraguay”. Currently, the stevia plant or its

sensitivity for profiling stevioside isomers . . . .
yrorp g extracts are used as sweeteners in North America, South America, Asia, and some

LR b e oc s, European countries. The Joint FAO/WHO Expert Committee on Food Additives
m Separation of chromatographically (JECFA) has established regulations for steviol glycosides demanding a purity

co-eluting isomeric species can be level of at least 95% of the seven chemically defined steviol glycosides.!
achieved using ion mobility.

) _ Complete residue analysis of steviol glycosides in food, is a challenge
m Enables unequivocal stevioside isomer ) i ) o
I i due to nature of the task, i.e. the detection of low steviol glycoside isomer
identification to authenticate route of

L - concentrations in complex food commodities, where generic extraction
origin in food products, i.e. natural,

synthesized, semi-synthesized, and procedures have been used. The challenge is two-fold where low concentrations

manufacturing processes. are present, because they may be used in conjunction with other sweeteners
or sugars. In addition, detection at low concentrations is difficult where one
or two of the glycosides are at very high concentrations (e.g. rebaudioside A).

Isomers of substances may have different chemical properties — they can have

different flavor, as well as possible variability in their absorption, distribution,

WATERS SOLUTIONS

metabolism, elimination, and toxicity. Hence it is necessary to have information

ionKey/MS System on the make up of substances that can contribute to flavor. An initial highly
iKey™ PCA Separation Device selective, sensitive screening method could be used, where the focus is only

aimed towards qualitative, but much more specific detection is required to
ACQUITY UPLC® M-Class System

determine the sweetener’s purity, as the purity can impact taste.>*

Waters® lon Mobility
Mass Spectrometry Systems

Full scan high resolution mass spectrometry (HRMS) offers high specificity with

theoretically no limitation in the number of compounds that can be detected. The
UNIFI® Scientific Information System continued technology advances of time-of-flight (Tof) mass spectrometry have

brought higher sensitivities, resolution, and mass accuracy (typically sub-2 ppm).
Tof MS is used in combination with time tolerances, isotopic matching, fragment

KEY WORDS ions/ratios, and response thresholds to help reduce false positive and false
Isomer identification, stevioside, isomers, negative detections in screening assays.

ion mobility, CCS, sweeteners, natural food

products, plant profiling, stevia, microflow
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Advances in mass spectrometry have vastly improved sensitivity
for full spectral analysis, but further enhancements would improve
the mass spectral data quality. This is especially important to
avoid compromised precursor ion or fragment ion information,
and ensure high mass accuracy at low levels. Despite these

MS enhancements it can still be a challenge to rapidly and
efficiently identify targeted isomeric compounds present in a
sample, particularly with large numbers of co-extracted matrix
components. Improvements in sensitivity, and the other benefits
of using the ionKey/MS System have been described previously,®
including enabling sample dilution to reduce matrix suppression,
and subsequently increasing the overall analyte signal-to-noise
values that can be achieved.

In this application note, we illustrate the selectivity of collision
cross section (CCS) measurements used in combination with
other recent MS technology enhancements for profiling complex
mixtures. A combination of high resolution mass spectrometry
and high efficiency ion mobility based measurements and
separations is used. lon mobility is a rapid orthogonal gas
separation phase technique that allows another dimension of
separation to be obtained within an LC timeframe. Compounds
can be differentiated based on size, shape, and charge.

A CCS value is a robust and precise physicochemical property

of an jon. It is an important distinguishing characteristic that

is related to its chemical structure and three-dimensional
conformation.? Using nitrogen-based travelling wave collision
cross sections (WCCSN,) measurements can increase non targeted
screening specificity. Previously generated ™CCSN, measurements
have been entered into the UNIFI Scientific Library. This allows the
expected and determined ™CCSN, values to be utilized for screening
and confirming the presence of steviol glycosides. Here we present
a unique approach to screen food products for steviol glycosides
using the ionKey/MS System and ion mobility mass spectrometry
(IM-MS), which provides unequivocal specificity and sensitivity.
The structures of steviol and the steviol glycosides of interest are
shown in Figure 1.
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Figure 1. Structures of steviol and steviol glycoside used in the study.
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EXPERIMENTAL
LC conditions
LC system: ACQUITY UPLC M-Class System
Mobile phase A: 100% Water (0.1% formic acid)
Mobile phase B: 100% Acetonitrile (0.1% formic acid)
Gradient:

Time

(min) Flow rate %A %B

0.00 2 99.0 1.0

1.00 2 99.0 1.0

3.00 2 90.0 10.0

5.00 2 70.0 30.0

13.00 2 1.0 99.0

15.00 2 1.0 99.0

15.10 2 99.0 1.0

17.00 2 99.0 1.0
Flow rate: 2.0 pL/min

Injection volume:

Separation device:

Separation device
temp.:

MS conditions
MS system:

lonization mode:

Capillary voltage:

1 pL (full loop)

iKey BEH C , PCA Separation Device,
130A, 1.7 pm, 150 um x 50 mm

(p/n 186007580)
40°C
SYNAPT G2-Si

ESI-
2.6 kV

Sample cone voltage: 20V

Lock mass and CCS:

Acquisition range:

Acquisition rate:

Leucine enkephalin, [M-H] =554.2620
50to 1,200 m/z

10 spectra/sec

Collision energy ramp: 30 to 70 eV

Resolution:

20,000 FWHM (Res mode)

Default IMS parameters

IMS T-Wave™
velocity ramp:

IMS T-Wave
pulse height:

IMS gas flow:
IMS duty cycle:

Start: 1,000 m/s
End: 300 m/s

40V
90 mL
10.8 ms

Extraction conditions

Blank chocolate spread sample was purified in two steps.

First, fat removal was performed by liquid-liquid extraction.
The fat-free extract was subjected to a C,q solid phase extraction
to remove other matrix components. The final extract was
dissolved in acetonitrile. At the end of the sample preparation
step, the matrix content in the extract was 0.1 g/mL.

Steviol glycosides

10 steviol glycosides + steviol at <1 mg/mL in methanol (Table 1)
were used to prepare dilutions for matrix fortification post cleanup.

Solvent standard stock solutions (H,0)
Stock  Dilution Dilution 2  Dilution 3
Compound conc. 1 conc. conc. conc. B
mg/mL*  ng/pL ng/pL ng/pL n
Rebaudioside E 0.92 9.2 0.92 0.092 6.60
Rebaudioside D 0.80 8.0 0.80 0.080 6.68
Rebaudioside F 0.76 7.6 0.76 0.076 7.31
Rubusoside 0.68 6.8 0.68 0.068 7.58
Rebaudioside B 0.70 7.0 0.70 0.070 7.78
Steviolbioside 0.72 7.2 0.72 0.072 7.82
Stevioside 1.00 10.0 1.00 0.10 9.50
Rebaudioside A 1.00 10.0 1.00 0.10 9.50
Steviol 0.64 6.4 0.64 0.064 9.51
Rebaudioside C 1.00 10.0 1.00 0.10 9.69
Dulcoside A 1.00 10.0 1.00 0.10 9.71

Table 1. Concentration of solvents standards used to prepare stevioside spiked
chocolate spread extract samples.

* Indicated initial concentrations are sub 1 mg/mL for 7 out of 11 analytes used.

Spiking protocol

Fortification was performed on blank processed matrix after
cleanup to avoid any recovery problems (Table 2). The strategy
undertaken in conjunction with CCS profiling, was to determine
detection levels in a complex matrix, hence acquisitions were
performed with a constant matrix concentration of 10 mg/mL
(Table 3).
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Starting mass of

commodity sample Volume Volume of solvent
(g/mL) of matrix standards Dilution 1 Volume of H,0 Final concentration
0.1 100 pL 10 L 790 pL Steviosides <100 pg/pL Matrix=10 mg/mL
Starting mass of
commodity sample Volume. Volume of sglvgnt Volume of H,0 Final concentration
of matrix standards dilution 2 2
(g/mL)
0.1 100 pL 10 pL 790 pL Steviosides <10 pg/uL Matrix=10 mg/mL
Starting mass of
commodity sample Volume‘ Volume of sQIVgnt Volume of H,0 Final concentration
of matrix standards dilution 3 2
(g/mL)
0.1 100 pL 10 pL 790 pL Steviosides <1 pg/pL Matrix=10 mg/mL

Table 2. Method of preparation of diluted end-spiked chocolate spread extracts at 10 mg/mL, and stevioside concentrations at <100 pg/uL, 10 pg/ul and 1 pg/uL.

Parameter Sample loading details

iKey Separation Device

Injection solvent composition

H,0/Acetonitrile (30:10)

Spiking concentration of matrix
(mg/kg)

<100 pg/kg, 1 mg/kg,
10 mg/kg

Stevioside solution concentration

<1 ng/mL, 10 ng/mL,

in the final extract (ng/mL) 100 ng/mL

Matrix load (pg/mL) 10 mg/mL

Injection volume (pL) 1 pL

Loop size (uL) and injection mode 1 plL full loop

On column steviol + stevioside Variable see Table 2

mass (pg)

Table 3. Sample and matrix loadings for spiked stevioside using the iKey
Separation Device.

A Post Column Addition iKey PCA Separation Device

(p/n 186007580), shown in Figure 2, incorporates a 1.7 pm,
ACQUITY UPLC BEH C,g, stationary phase in a 150 pm diameter
separation channel. The iKey Separation Device temperature was
set to 40 °C, and the eluent from the separation channel flows
directly to an integrated ESI emitter. AUl microfluidic, gas, and
electrical connections are automatically engaged when the iKey
Separation Device is inserted into the source enclosure and locked
into place. The device incorporated an additional channel, enabling
post column addition of IPA solvent. The make up solvent was
configured to be delivered from channel A of the MS system fluidics
for this feasibility study.

PCA iKey Separation Device
Analytical Channel

Post-Column Addition Channel

Figure 2. Post Column Addition iKey PCA Separation Device.
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RESULTS AND DISCUSSION

In this feasibility study, unique sensitivity and selectivity for
screening steviol glycosides in complex mixtures has been
achieved. Nitrogen based travelling wave collision cross sections
(WCCSN,), accurate mass, fragment ions, and retention time have
been obtained to profile the steviol glycosides rebaudioside A to F,
rubusodside, steviol, dulcoside A, steviolbioside, and stevioside.
CCS measurements were readily obtained for the marker standards
at <100 pg/uL, and this information was used to create a scientific
library within UNIFl incorporating the expected steviol glycoside
TCCSN, values. Previous studies have shown the benefits of "VCCSN,
screening, including spectral cleanup, avoidance of false positives,
and discovery of pesticide protomers.”® The challenge of the assay
is further complicated by the requirement to unequivocally identify
three pairs of isomers. The steviol glycosides readily fragment

and can be prone to insource fragmentation, resulting in isomeric
fragments that can result in false positive identifications.'

Compound Formula [M-H]- Expected Rt Expected "CCSN, (A?)
Rebaudioside E C44H70023 965.4230 6.60 289.2
Rebaudioside D C50H80028 1127.4758 6.68 321.75
Rebaudioside F C43H68022 935.4124 7.32 293.18
Rubusoside C32H50013 641.3173 7.56 241.31
Rebaudioside B C38H60018 803.3701 .77 261.19
Steviolbioside C32H50013 641.3173 7.81 235.78
Stevioside C38H60018 803.3701 7.20 269.64
Rebaudioside A C44H70023 965.4230 717 299.48
Steviol C20H3003 317.2117 9.48 173.38
Rebaudioside C C44H70022 949.4280 7.37 299.49
Dulcoside A C38H60017 787.3752 7.40 270.75

Table 4. Expected retention times and expected CCS values for steviol and steviosides.

A chocolate spread extract (10 mg/mL) was spiked with the
analytes and analyzed using the ionKey/MS System combined
with ion mobility, then screened against the stevioside ™CCSN,
library within UNIFI. The ™CCSN, assignment for glycosides
isomer pairs (rubusodside 241.31 A?/steviolbioside

235.78 A?), (rebaudioside B 261.19 A%/stevioside 269.64 A2),
and (rebaudioside A 298.9 A?/rebaudioside E 289.2 A?), shown
in Table 4, have been determined using stevioside standards.
For steviol and the remaining steviosides, CCS measurements
were also determined: steviol (173.38 A?), dulcoside A
(270.75 A?), rebaudioside F (293.18 A2), rebaudioside C
(299.49 A2), and rebaudioside D (321.75 A?).

The expected "CCSN, and measured ™CCSN, values for
steviosides spiked into chocolate spread extract are presented
in Table 4. The UNIFI Component Summary results obtained
(Figure 3) clearly show the benefits of using CCS measurements
and the ionKey/MS System with ion mobility. When comparing
the expected and measured collision cross sections, the ""CCSN,
measurement errors were typically <0.4%, and the mass
measurement error RMS=1.85 ppm obtained for <100 pg on
column loading (actual concentrations have been added

(Figure 3 in red text).

4 Component name
1 [Steviol 3172135 393
2 Rubusoside 613179 00s
3 Steviolbioside 6413182 060
4 Dulcoside A 7873778 252
5 Stevioside 8033704 Ok 038
6 Rebsudioside B 8033713 082
Figure 3. UNIFI Component ||, . e L4 o
Summary for stevioland || s 4., sonse ¢ 40429 -
profiled steviosides <100 pg/il || 9 sessucsosse € ssam2 S
(actual on column concentration  [/10  gessucoside A ossazss K 187
for each analyte (pg/ul) shown — ||11  rebsudoside 0 11274780 143

in red text) spiked into
chocolate spread extract. Three
pairs of isomers are highlighted
with colored stars, where each
pair has been differentiated

Observed m/z ~ Mass eor (ppm)  Observed RT (min)  Observed CCS (A%  Expected CCS(A')  Collision cross section error (%) Response  Adducts

948 17289 17338 64pg -0.29 38288 -H
7.54 24128 24131 68pg 001 8095 -H
7.80 23563 23578 72pg 007 36821 H
739 27106 27075 100pg o011 20633 H
719 26948 269.64 100pg  -nos 15680 -H
775 26133 26119 70pg 005 24073 H
730 29271 29318 76pg a6 22873 M
735 29969 299.49 100pg o007 29190 -H
660 28812 28920 92pg 037 47499 H
717 29883 29890 100pg  -003 25921 -H
667 inm 32175 80pg 005 21232 H

using CCS.
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In Figure 4, the results obtained at <1 pg/pL are presented in the UNIFI Component Summary, where an overall
RMS error of 2.72 ppm was obtained. However the mass error for rubusoside, was -7.46 ppm, where the peak
area response was just 63. At this low level the mass measurement error has been affected by other more
abundant ions from the matrix background. Screening with a mass meaurement tolerance of 10 ppm and CCS%
tolerance of 2% has enabled rubusoside to be identified with confidence at trace levels (680 fg) and false
negative detections have been avoided.

| 4 Component name Observedmfz &~ Mass ermor (ppm)  Expected RT (min)  Observed RT imin) | Observed CCS (A)  Expected CCS(A")  Collision cross section emror (%) Response Adducts
|1 Seewial 3172120 074 948 947 17423 17338 640fg 049 679 -H
(2 pubusosise ann ok 746 756 7.55 24234 2131 680fg 0.43 6 H
3 oz K 21578 720fg an 72
C _ _
|5 Seevioside 719 119 1pg 006 -H
;6 Rebaudioside B B3 3688 * -231 777 775 26154 26119 700fg 05 7 -H
|7 Revausosie £ 9354106 -247 732 730 29237 2318 760fg 028 300 -H
;8 Rebaudioside C 454277 092 737 736 29986 2549 1pg 012 34
|9 Resausosice A 654230 W 053 77 7 29947 2890 1pg 019 370 -H
110 Rebsudoside £ wsazo K 046 661 661 :aTL 28520 920fg 17 1099 -H
11 Rebaudoside D 11274755 072 LT €67 12281 2L 800fg oM 29 M
[l | @l

Figure 4. Component Summary for steviol and profiled steviosides <1 pg/ul (actual on column concentration for each analyte (pg/uL shown in red text) spiked into
chocolate spread extract. Three pairs of isomers are highlighted with colored stars, where each pair has been differentiated using CCS.

The combined extracted mass chromatogram for steviol and profiled steviosides <1 pg/uL spiked into
chocolate spread extract are shown in Figure 5. It can be seen that stevioside and rebaudioside A coelute at
7.18 minutes.

Tterm name: Steviosides lonkey_1Dec?(14 142
Channel name: Identified Components.
Rebaudioside E

Retention time [min]

Figure 5. Extracted mass chromatogram for steviol and profiled steviosides <1 pg/ul spiked into chocolate spread extract.
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However Figure 6 reveals using ion mobility, that there are two isobaric species at m/z 803.3707 present
at retention time 7.18 mins. The retention time aligned multicomponent spectrum at 7.19 mins for
rebaudioside A (brown m/z 965.4), and coeluting stevioside (green m/z 803.37) is shown in Figure 7.

4= = - & Retention time: 6.98 1o 7.49 | m/z: 803.1468 to 803.6084 | Drift time: 5 to 9 - 8~ B Tritess ~
& & 59%4 *
A: CCS=261.15A2 B: CCS=269.48A2 100 ”mll?&
. . . - 'v .
Rebaudioside A B Stevioside % 7143 7228 s
Fragment m/z 803.3707 5 3 7.440
m/z 803.3707 7 21 712 13 74 :
100 803378 346e5 °
0 803515
8032 8033 8034 8035 8036
3 | iy (Pvairame] ]
Es"’ . A
% =
0 T T "
6 7 8
Drift time Ims] g

Figure 6. UNIFI ion mobility 3D Data Viewer showing two mobility separated compounds at m/z 803.3707, calculated "CCSN, values 261.15 A2 and 269.48 A2 at
retention time 7.18 mins.

Item name: Steviosides lonkey_1Dec2014_103 Channel name: Low energy : Time 7.1867 +/- 0.0250 minutes4D mass peak list
Itern description: 10ug/ml Nutella extracts 100pg equivalent ref concs
96542532 i
E 5e5-
3 64131726 80337039
2
E 25451 849.37660
s 54332382 101142880 1063.39977
185.06002 304 901.34659 !
" | 22905069 35801409 e e N Wy Ly a1e736119
100 200 300 400 500 600 700 800 900 1000 1100 1200
Item name: Steviosides lonkey_1Dec2014_103 Channel name: High energy : Time 7.1867 +/- 0.0250 minutes4D mass peak list
Item description: 10ug/ml Nutella extracts 100pg equivalent ref concs
80337087 bl
E 55 64131804
3 o
§ 2565
g N— ;IJSJ:'BB
& 72526911
5 11692831 }5&9?503 317.21201 EJfSIE 62330?61 i v 841 31986 955432233 ‘_106110159 }12540?19
100 200 300 400 500 600 700 800 900 1000 1100 1200
Observed mass [m/z]

Figure 7. Retention time aligned multicomponent spectrum at 7.19 mins for rebaudioside A (brown m/z 965.4) and coeluting stevioside (green m/z 803.37). Also shown
(lower) is the retention time aligned fragmentation spectrum.
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Using the “cleaned up” ion mobility product ion spectra, that are retention and drift time aligned, it is possible
to obtain the single component precursor and ion mobility product ion spectra for stevioside (Figure 8) and
rebaudioside A (Figure 9) resolved from co-eluting components. Use of ion mobility reveals coelution of
isobaric species, which would not have been observed without ion mobility separation. As Figure 6 shows,
rebaudioside A has produced an insource fragment ion with a CCS of 261.15 A2 compared to 269.48 A2

for stevioside.

Item name: Steviosides Jonkey_1Dec2014 103 Channel name: Low energy : Time 7.1867 +/- 0.0250 minutes : Drift Times: 7.24 +/- 0.10 ms4D mass peak list
Itern description: 10ug/mi Nutella extracts 100pg equivalent ref concs
- 4.37e5
4e5 80337039
E [B04.37506
265
[805.37653
= 857.28816
100 200 300 400 500 600 700 800 900 1000 1100 1200
Item name: Steviosides lonkey_1Dec2014_103 Channel name: High energy : Time 7.1867 +/- 0.0250 minutes : Drift Times: 7.11 +/- 0.10 ms4D mass peak list
Item description: 10ug/ml Nutella extracts 100pg equivalent ref concs
64131804 e
g &
= 2e5
-642.32099
479.26515
3 & ! 69523573 §s628233 §OL3T
100 200 300 400 500 600 700 80O 900 1000 1100 1200
Observed mass [m/z]

Figure 8. Retention time (7.19 mins) and drift (7.24 ms) aligned spectrum for stevioside (green m/z 803.37). Also retention/drift time
aligned ion mobility product ion spectrum.

Item name: Steviosides Jonkey_1Dec2014 103 Channel name: Low energy : Time 7.1699 +/- 0.0250 minutes : Drift Times: 8.23 +/- 0.11 ms4D mass peak list
Itern description: 10ug/mi Nutella extracts 100pg equivalent ref concs
96542532 ey
§
2
Ezki*
968.43216
o 101727847
100 200 300 400 500 600 700 800 900 1000 1100 1200
Item name: Steviosides lonkey_1Dec2014_103 Channel name: High energy : Time 7.1639 +/- 0.0250 minutes : Drift Times: 8.10 +/- 0.11 ms4D mass peak list
Item description: 10ug/ml Nutella extracts 100pg equivalent ref concs
v 80337087 el
g 5e5- &
e 64131807
3172119 479"2.6509 = 805.37613
3 & 43336, °° | 726213 el S5
T T T T T T T T T T T T
100 200 300 400 500 600 700 800 900 1000 1100 1200
Observed mass [m/z]

Figure 9. Single component spectrum at retention time (7.17 mins) and drift (7.83 ms) aligned spectrum for rebaudioside A
(green m/z 965.4). Also retention/drift time aligned ion mobility product ion spectrum.

For the first time unique CCS measurements, precursor ion, and corresponding isomer fragmentation spectra
for steviol glycosides have been obtained using microfluidic chromatography ™CCSN, ion mobility screening.
This approach reduces the quantity of two expensive commodities, i.e. high purity standards and solvent,

and it has the potential to negate the requirement to repeatedly purchase expensive high purity standards,
(€£2500 for the standards used in this study) for future screening assays.
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CONCLUSIONS

The ionKey/MS System with ion mobility offers some unique advantages

for profiling complex matrices:

m Sensitivity in combination with high resolution full spectra acquisition.

m Spectral clean up.

m Collision cross section to provide unique selectivity and added confidence
in identification.

lon mobility selectivity has been illustrated, where accurate mass
measurement and "CCSN, measurement have been used to successfully
detect and differentiate stevioside isomer residues at trace levels.

Chromatographically coeluting isomeric species (stevioside and rebaudioside
fragment) have been separated.

The iKey/MS System provides increased sensitivity in order to profile
steviosides at low concentrations.

For the analyst, the ionKey/MS System, brings the benefits of microfluidic
chromatography to the required “routine use” platform, in combination with
routine ion mobility screening.

The application of the ionKey/MS System ion mobility offers the potential
to reduce analysis costs:

® Reduced solvent consumption and waste disposal.

® Reduced requirement to purchase expensive analytical standards.

Woaters

THE SCIENCE OF WHAT'S POSSIBLE.”
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