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Firstly: what on earth has the mutiny on the HMS Bounty (1789)
to do with this talk????
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lon Mobility Spectroscopy Standalone:
Screening Instrument for Security/Military uses
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https://www.sas.upenn.edu/~lindamf/spectIMS.html

https://www.bruker.com/en/products-and-solutions/cbrne-detectors/ims.html

GDA - Personal

®

Important features of the GDA-P

« IMS and PID or IMS and EC detection mode
« PID and EC interchangeable

« Fully automatic start

» Self-cleaning mode

« Open library system

» Offers the highest level of safety

The IONSCAN 500DT, certified on the
TSA Qualified Products List for
security screening, utilizes lon
Mobility Spectroscopy (IMS) to
perform trace analysis of explosives
in seconds. Easy to use, the
operators can detect a wide range of
military, commercial and homemade
threats.

PID/EC [¥orazne

0C (E.G. BENZENE)

https://www.masatech.eu/blog
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Historical Developments in lon Mobility (IM) Technologies

lon Mobility
== [on Mobility-Mass Spectrometry
mmm Temporally-Dispersive IM-MS
= Spatially-Dispersive IM-MS

1896 Thomson and Rutherford construct apparatus to study the mobility of 3 ™
ions in various gases rs

1898 Zeleny constructs an IM spectrometer based on ions drifting against
a counterflowing gas stream

1911 Millikan develops apparatus for measuring the size-to-charge ratio of
oil droplets

1928 Tyndall constructs a precision ion mobility drift tube spectrometer
using a dual ion gate design

1930 Tyndall improves mobility measurements by using pure drift gases

Historical view on lon
Mobility (IM) Technologies

1961 McDaniel couples ion mobility to a magnetic sector MS (IM-MS)

1963 McAfee and Edelson interface a drift tube orthogonally to a time-of-
flight mass spectrometer (IM-oTOF)

1964 Hasted and coworkers develop mass-selected ion mobility-mass
spectrometry (MS-IM-MS)

1968 Dole develops ESI with ion mobility measurements

1970 first commercial ion mobility spectrometer (Plasma Chromatograph)
1975 first commercial DMA (Thermo-Systems)

1982 Lubman couples laser ionization with ion mobility

1982 Hill develops gas chromatography coupled to ion mobility
1989 Blanchard describes tandem IM strategies (IM/IM)

1990 introduction of FAIMS and DMS

1990 commercial portable IM spectrometers (several vendors)
1995 Bowers develops MALDI-IM-MS and variable-temperature IM
1996 Jarrold constructs a high resolution drift tube IM spectrometer
1998 Smith develops the electrodynamic ion funnel

2006 commercial traveling-wave IM-MS (Waters)

300 150 0 2011 trapped ion mobility coupled to MS developed (Bruker)

(Jody C. May and John A. McLean*; Anal Chem. 2015 - y s
2014 commercial drift tube IM-MS (Agilent)

Feb 3; 87(3): 14221 1436) Publications
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https://pubmed.ncbi.nlm.nih.gov/?term=May%20JC%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=McLean%20JA%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4318620/#cor1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4318620/

lon Mobility Spectroscopy is OLDER than Mass Spectrometry!! Waters:

Discovered by JJ Thompson and Rutherford 1896, but developed by EW McDaniel in 1950-1960s. First drift tube
IMS was designed in 1960s

McDaniel E, Martin DW, Barnes WS (1962). "Drift Tube-Mass Spectrometer for Studies of Low-Energy lon-Molecule Reactions". Review of Scientific Instruments. 33 (1): 21
7. Bibcode:1962RScl...33....2M. d0i:10.1063/1.1717656. ISSN 0034-6748.

Electric field
ol

\ \\\\\\\\\\\\\\‘\\\\\\\\\\\\‘\

(( ((((f \\\((‘(l{ 1(( T

s

I/I/I/I/I/I/I///I/Itl/Illllllll

ocusing rings

lons enter
drift tube
—_—

To detector

A

A First Hybrid IMS TOF MS was designed by Bell Labs in 1963
Sample ’ I'§
lonization B

A First commercially available IMS QTOF 2006 (Waters)

/ lon-mobility Mass
spectrometer spectrometer

Mobilit Mass/charge
y 4 & Detection
separation separation

lon mobility spectrometry-mass spectrometry
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https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://ui.adsabs.harvard.edu/abs/1962RScI...33....2M
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1063%2F1.1717656
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://www.worldcat.org/issn/0034-6748
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What is lon Mobility i Definition: Waters:

terminal velocity v (of an ion) in a gasphase
V= KE

Eis the electric field strength and
CCS = f{K}, Linear Function of K

(CCS = Collisional Cross Section Size (in Area, A2))

©2023 Waters Corporation
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lon-Mobility principle Waters

0 high mobility, more compact, less collisions with gas

No low mobility, less compact, more collisions with gas

ACCS (~K) is an important R
distinguishing characteristic of /
an ion which is related to: ,
I chemical structure ¥

1 3-dimensional conformation

ACCS (~K) is a physicochemical
property of an ion.

What is Collision Cross Section (CCS)?

©2023 Waters Corporation 8



How does IMS practically combine into a Mass Spectrometer: Waters:

Temporally-Dispersive lon Mobility Techniques

(a) ION SOURCE ION MOBILITY ANALYZER MASS FILTER MASS ANALYZER
(DRIFT TUBE) (QUADRUPOLE) (TIME OF FLIGHT)
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(b) ION sou(r;c;ﬁ : anangﬂgng) IoN MoBILITY (";'I’:ASES gg?b‘g:% For Targ eted methods or for
W (TRAVELING WAVE) preﬁ Iteri ng there are other

techniques 1 like FAIMS or
SelexionTM, but this is not in the
scope of this talk
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l.S. Krul] A.S.Rathore, Jared Auclair, LCGC North America, LCGG11-01-2020, Volume 38, Issue 11, Pages: 619624
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https://www.chromatographyonline.com/authors/krull
https://www.chromatographyonline.com/authors/rathore-0
https://www.chromatographyonline.com/authors/jared-auclair

The reason why IMS data collection fits in between Fast
Chromatography (GC, SFC or LC) and (Q)TOF HRMS.:

Nesting of Analytical Timescales

microseconds milliseconds seconds minutes

chromatography 20 min (1200 s) chromatogram

quadrupole

mass filter . 10,000 spectra

time-dispersive ca. 100,000 spectra
ion mobility
time-of-flight

ca. 10,000,000 spectra
mass spectrometry

106 105 104 10% 102 107" 1 10' 102 103

Speed of Separation (seconds)

(Jody C. May and John A. McLean*; Anal Chem. 2015
Feb 3; 87(3): 14221 1436)
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https://pubmed.ncbi.nlm.nih.gov/?term=May%20JC%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=McLean%20JA%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4318620/#cor1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4318620/

3D resolution: Analysis strategy and sample complexity Waters
1. UPLC Peak
1-3 secs
1: Chromatographic Resolution
2:T-wave
2: lon Mobility Resolution lon Mobllity
10.2 ms

3: Mass Resolution

Y
W

Scan range: m/z 50 -1200
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T-wave IMS WC'Te"S

Stacked Rlng IonGwc@pposne phases ofRF voltage are applled to adjacent
electrodes to provide radial ion confinement and high transmission.
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T-wave IMS W(]Ters“‘
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T-WaveDCvoItagesare applledto electrodepalrsm repeatlngsequenceilongthe device
andstepto respectiveadjacentelectrodepairs
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T-wave IMS Woaters'
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lons are propelled along the ion mobility separation device.
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CCS and Time Robustness
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Robustness: CCS as a constant part 1

QC mix CCS reproducibility over 10 weeks, 24/7 acquisition ESI+ using a single ion mobility calibration.

CCS A

260
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120

+ve Mode lon Mobility:One Calibration 10 weeks

CCS Reproducibility

. —

100

200

300 400
QC Mix Injection Number

500

600

« acetaminophen

- caffeine

e leucine enkephalin

- reserpine

« sulphadimethoxine

« sulphaguanidine
terfenadine
valtyrval

verapamil

Waters

Waters Application Note March 2020 720006769EN AG-PDF: Small molecule ion mobility investigations into cross-platform and long-term robustness of a CCS metric Mike
McCullagh?; Michelle Wood?; Nayan Mistry?; Severine Goscinny® and Petur Dalsgaard*

1Waters Corporation, Wilmslow, United Kingdom; 2Sciensano, Brussels, Belgium; 3Department of Forensic Medicine, University of Copenhagen, Copenhagen, Denmark
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Robustness: CCS as a constant part 2 Waters:

QC mix CCS reproducibility over 10 weeks, 24/7 acquisition ESI- using a single ion mobility calibration.

-ve Mode lon Mobility:One Calibration 10
weeks CCS Reproducibility

280
260
240
220  acetaminophen
oL p
N 200 * leucine enkephalin
8 * reserpine
e * sulphadimethoxine
. J
160 sulphaguanidine
valtyrval
140 ty
EASE e v T e T e e e )
120
0 100 200 300 400 500 600

QC Mix Injection Number

Waters Application Note March 2020 720006769EN AG-PDF: Small molecule ion mobility investigations into cross-platform and long-term robustness of a CCS metric Mike
McCullagh?; Michelle Wood?; Nayan Mistry?; Severine Goscinny® and Petur Dalsgaard*
1Waters Corporation, Wilmslow, United Kingdom; 2Sciensano, Brussels, Belgium; 3Department of Forensic Medicine, University of Copenhagen, Copenhagen, Denmark
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Synapt mean CCS errors (£SD) for the 200 pesticides over 4 years. | ' m
Zone in grey highlights the compounds with m/z below 200 arers

Mean and standard deviation of CCS percent errors over 4 year span (n = 10)

3.0 4

m/2232
JFH{H{MH“;Hﬁ{%{ihﬁﬁhlhﬁﬁﬂﬁﬂﬁﬂw@'{&E%ﬂi}@iﬁ&ﬁ;ﬁﬂ}ﬁff*ﬁﬂEh}H%miﬁ*?}}’%F*{*}H*)‘ED‘WM&&{&M]}ﬁﬂ}}ﬂ}ﬁﬁ%@mﬁﬁﬁ{

Towards the use of ion mobility mass spectrometryZlerived collision cross section as a screening approach for unambiguous identification of targeted pesticides in food. Séverine Goscinny,
Michael McCullagh, Johann Far, Edwin De Pauw and Gauthier Eppe. Rapid Commun Mass Spectrom. 2019;11 15.
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CCS and Platform Robustness
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Robustness between platforms (Waters): CCS as a constant part 1
Synapt linear IM (compared over a period of 3 years) and cIM for fluoroquinolone protomer CCS reproducibility. WO'I'erSTM

llustration of Longterm and IM Cross Platform
CCS Reproducibility

Synapt 2015
170 o ¢ @ Synapt 2018
160 e cIM 2018

0 5 10 15 20
FLQ Protomer Pairs

Investigations into the performance of travelling wave enabled conventional and cyclic ion mobility systems to characterise protomers of fluoroquinolone antibiotic residues Michael McCullagh, Kevin Gile

Keith Richardson, Sara Stead and Martin Palmer. Rapid Commun Mass Spectrom. 2019;1i 11
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Vion inter-site CCS versus SYNAPT CCS and corresponding m
frequency distribution for inter-site Vion library giCCS. arers

Inter-site Reproducibility for Vion Average CCS vs
Synapt CCS

280
50  R2=0.9977

240

N
o

* Forensic
Toxicology
Compounds

Average CCS A
P P DNNDDN

o 00 O

o O O

Vion
R
N D
o O

100
100.00 150.00 200.00 250.00 300.00

Synapt CCS A2

Waters Application Note March 2020 720006769EN AG-PDF: Small molecule ion mobility investigations into cross-platform and long-term robustness of a CCS metric Mike
McCullagh?; Michelle Wood?; Nayan Mistry?; Severine Goscinny® and Petur Dalsgaard*
1Waters Corporation, Wilmslow, United Kingdom; 2Sciensano, Brussels, Belgium; 3Department of Forensic Medicine, University of Copenhagen, Copenhagen, Denmark
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Vion intra-site CCS versus SYNAPT CCS and corresponding
frequency distribution for intra-site Vion library qgCCS. a

Intra -site Reproducibility for Vion CCS vs Synapt CCS

280
R2 =0.9979
260

240 ®
220

200

® [Forensic
Toxicology
Compounds

180

Vion CCSA2

160
140
120

100
100.00 120.00 140.00 160.00 180.00 200.00 220.00 240.00 260.00 280.00

Synapt CCSA?

Waters Application Note March 2020 720006769EN AG-PDF: Small molecule ion mobility investigations into cross-platform and long-term robustness of a CCS metric Mike
McCullagh?; Michelle Wood?; Nayan Mistry?; Severine Goscinny® and Petur Dalsgaard*
1Waters Corporation, Wilmslow, United Kingdom; 2Sciensano, Brussels, Belgium; 3Department of Forensic Medicine, University of Copenhagen, Copenhagen, Denmark
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Cross platform comparison of charged isomer species
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Metaflumizone (2)-Isomer Species |
Metaflumizone (2)- Isomer Species |l
Metaflumizone (E)-Isomer Species |
Metaflumizone (E)-Isomer Species Il
Spinosyn D [M+H]+

Spinosyn D Sodimer |

Spinosyn D Sodimer Il

Spinosyn D Potassimer |

Spinosyn D Potassimer Il

Spinosyn A [M+H]+

Spinosyn A Sodimer |

Spinosyn A Sodimer |l

Spinosyn A Potassimer |

Spir@syn A Btabgimer 10/ )
Epoxiconazole

Spinosyn D

Indoxacarb Protomer |

Indoxacarb Protomer Il
Fenpyroximate Protomer |
Fenpyroximate Protomer I
Avermectin Bla

Investigations into pesticide charge site isomers using conventional IM and cIM systems. Michael McCullagh, Séverine Goscinny, Martin Palmer, Jakub Ujma, Talanta, Volume 234, 2021, 122604.
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GC and LC Retention Times

Waters:

LCRTvs.GCRT 73 pesticides
12 Color by
Compound
. B Acibenzolar-S-methyl

W Ametryn
n . . . [ Aminocarb
- [ straton
. I Atrazine
I Atrazine-desethyl
. B Benalaxyl
B Boscalid
' [[]Bromucaonazole |
l:l . . I:I . [1Bromuconazolell
|:||:| . I Bupirimate
[l Buprofezin
. I Carfentrazone-ethyl
& . [ Cyanazine
. . . W Cycluron
I:‘ Wl Cyprodinil
[l Diclobutrazol
. Il Dimoxystrobin
|:| Il Diniconazole
. W Diphenamid
Il Ethirimal
8 . B Etoxazole
. EFenﬂmidone
Fenarimol
5 . B Fenbuconazole
[ Fenhexamid
[ Fenpropimorph
W Fipronil
4 B Flonicamid

LC RT
-4

GCRT
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GC and LC CCS Values
Independent of Inlet/Chromatography
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Waters

73 pesticides
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Compound
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I Atrazine
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Time, Space and Platform Robustness and Indepence: Waters:

AWithin Waters portfolio : Yes
ABetween Instrument Manufacturers? Maybe if ...v,= KE
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CCS and MATRIX ROBUSTNESS
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Matrix and Chromatography (UHPLC)

Complex matrix dependent retention time shift: Boscalid as example

Matrix Retention Time Distributions
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Impact of Matrix Type Concentration on CCS Reproducibility Woaters:
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Impact of Matrix Type Concentration on CCS Reproducibility Woaters:

Black tea
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Impact of Matrix Type Concentration on CCS Reproducibility Woaters:
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Impact of Matrix Type Concentration on CCS Reproducibility
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Impact of Matrix Type Concentration on CCS Reproducibility Woaters:
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Impact of Matrix Type Concentration on CCS Reproducibility
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Impact of matrix type concentration on CCS reproducibility Woaters:
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Impact of matrix load on CCS measurement for pesticides at constant concentration W 1 N
(100 ng.mL1). Comparison shown as percent difference with R'CCS arers

30
20
U @
5
3
£
10
=
H L [ ]
e = y & f A
2 $ o L] ‘! ) ] . 'I. Y ®
H rol | ar W
E’OD ow Tag 4y g LI " 0y 14 -".‘.ii 8 ) 0°% JWE wy, g & ‘l y F.a0l ® g g 1 AL gl [
A g Y
! ! T = A [ ] ... u | A B R & Tas ¥ !.'
S 97 fa & LA S A Vgl 4 a . Logt . L ] . . o Ui !
ug W [ ] i An 4 LI | g )
9 A . N o Ay H
E . A 1 A [ ] = n
1.0 A
T
1] [ | ll
g -
20
N/
-3.0
o e N s 2 BEDYE Y882 e QY EERER RS S 3 R R EBREREEEEHITIERELEDE2o L2 TR IR RS2 TRERERrEEIorEge R 2B R E
ngsﬁﬁﬁﬁﬁﬁeﬁgﬁﬁﬁﬁﬁ‘ﬁE"QUQ uuuuuuuu A EEEREEEEEREEEBEE PRI B S B - P e Pl I B T moH oHoH sa A A A 333333 ~
caac S B 8 RH B0 g8l 220 085S P EE Y g 0 § ¥ F 582 % R EEEEEEEEEEE §
5 B = = ] B b ] ] & 4 4 & A4 4 4 A 6 A 6 & 6 0o 6 O A 4 & G A A A A A A A 4 6 A 6 4 A A 4 A A G A 4 A a6 &
& o 2 E e o Iy a e a o ﬁ ‘f § ‘if

10g of orange ™ 40gof orange & 60g of orange

10 g /100 mL 40 g /100 mL 60 g /100 mL

e ' a \\\/ \‘\./ ‘
\_// \‘\_// 4 \\a\_/

Towards the use of ion mobility mass spectrometryZlerived collision cross section as a screening approach for unambiguous identification of targeted pesticides in food. Séverine Goscinny,
Michael McCullagh, Johann Far, Edwin De Pauw and Gauthier Eppe. Rapid Commun Mass Spectrom. 2019;11 15.
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UPLC lon mobility mass spectrometry 3D resolution: enhanced

peak capacity and selectivity

-

A Unique analyte visibility in complex sample analysis

A Unique Scielntific Outcomes

lon Mobility Separation

Total lon Chromatogram
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lon Mobility Examples: LC-IMS-HRMS
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Steviol glycosides Analysis: Authentication Profiling Using CCS

Libraries

r
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i
2

What are Steviol glycosides.
Where/Why Are They Used.
Why is Analysis Required.
Why IMS

andyél'lem'st
] ry % Cite This: Anal. Chem. 2018, 90, 45854595 pubs.acs.org/ac

Exploring the Complexity of Steviol Glycosides Analysis Using lon
Mobility Mass Spectrometry
Michael McCullagh,’ #
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*Scientific Institute of Public Health, Rue Juliette Wytsmans 14, 1050 Brussels, Belgium
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ABSTRACT: A proof of principle method using ion mobility-
mass spectrometry (IM-MS) and collision induced dissociation
(CID) coupled with micro flow ultra high-performance i |
chromatography (UHPLC-IM-MS) has been developed to i 4
screen for steviol glycosides. Traveling wave ion mobility was arn g
used to determine rotationally averaged collision cross sections

in nitrogen buffer gas (TCCSN.). To explore the evolving Aen e BB
applicability of ion mobility screening, the analytical approach L men s mes
was initially developed and applied to the analysis of a steviol/ Dra WDt
steviol glycoside spiked chocolate spread extract. Subsequently CESAROCSE
55 food commeodities were screened using a steviol glycoside -

TWCCSN, library. IM analyses produced ™CCSN, walues,

enabling the unequivocal identification of the steviol glycosides and isomeric pairs (negating the reliance on product ions). In
addition, coeluting isomeric species, comprising (labile fragment ions, doubly charged dimers, and multiply charged species) have
been identified and resolved. lsomeric false detections were avoided, with the coeluting isomeric species quantified. A

i b

quantitative assessment of ™CCSN, in the analysis of steviol glycosides was performed.

roduction of food diti in has

increased; a driving force being to reduce global incidence
of ebesn:v and the associated health impact (such as diabetes
type Il] Sweeteners can provide reduced or zero calorific
intake. They are a diverse group of chemical compounds
derived from pl.mB or chemical synthesis. As a food additive,
safety eval af is a basic i The Joint
FAQ/WHO Expert Committee on Food Additives (JECFA)
established regulations for steviol glycosides, requiring a purity
level of at least 95% for seven chemically defined steviol
glycosides.” In Europe, this food additive (E 960) is authorized
in specific food at defined rates {maximum permitted level ) laid
down in Commission Regulation No. 1131/2011," with
acceptable purity criteria defined in Regulation (EU) No.
231/2012" This later legislation established for the pristine
additive, a minimum of 95% content of 10 steviol glycosides
with at least 75% of stevioside and/or rebaudioside A within
the mixture.

For consumers, the European Food Safety Authority
(EFSA), perform misk assessments, and investigate health
claims/beneficial effects related to sweeteners. A revised dietary
exposure assessment of adults and children to steviel
glycosides, through their use as a (food additive) was carried
out. The variety of food products containing steviol glycosides
as sweeteners in Europe is extensive. Smoked/dried fish, fruit
based drinks, cocoa based confectionary, sweet/sour preserves,
breakfast cereals, beers, ciders, sweeteners, and reduced sugar
products are ples of where steviol gt xp may

< ACS Publications e 2018 American Chemical Society

occur in a European diet. Health effects of food additives/
sweeteners on consumers will be impacted by the level of
dietary exposure, e.g, by work life balance, socoeconomics,
lifestyle choice, and typical national cuisine. The mean dietary
exposure to steviol glycosides is expressed in terms of stevial
equivalents.” The EFSA report details the revisions of
acceptable use levels in a wide variety of food commodities
and also the acceptable daily intake (ADI) of 4 mg/kg body
weight (bw)/day for toddlers, which still exceeds the 95th
percentile in a number of European Union countries.”
Reasons to explore a new approach for steviol glycoside
analysis include meeting legislative requirements, (determi-
nation of ADI), ensuring all steviol glycosides (including
isomers) are identified /detected and the true steviol equivalent
determined. Also authentication profiling to d ine origin in
food commodities, optimization of stevia processing method-
ology, and breeding of Stevia rebaudiana Bertoni to produce
more favorable flavor characteristics.” In addition for product
quality, where new information on steviol glycoside makeup
could help characterize minor novel steviol glycosides, which
may contribute to/reduce bitter aftertaste or have more potent
sweetness intensity and can be characteristic of products
containing steviol glycosides.* " Extracts of Stevia rebaudiana
Bertoni leaves may contain isomers, which can have different
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Safety of a proposed amendment of the specifications for
steviol glycosides (E 960) as a food additive: to expand the
list of steviol glycosides to all those identified in the leaves

of Stevia Rebaudiana Bertoni

EFSA Panel on Food Additives and Flavourings (FAF),
Maged Younes, Gabriele Aquilina, Karl-Heirz Engel, Paul Fowler, Maria Jose Frutos Fernandez,
Peter First, Rainer Gurtler, Ursula Gundert-Remy, Trine Husgy, Melania Manco, Wim Mennes,
Peter Moldeus, Sabina Passamonti, Romina Shah, Ine Waalkens-Berendsen, Detlef Wélfle,
Matthew Wright, Gisela Degen, Alessandra Glarola, Ara M Rincon and Laurence Castle

Abstract

The EFSA Panel on Food Additives and Favourings (FAF) provides a scientific opinion on the safety of
the proposed amendment of the specifications for stevid glycosides (E 960) as a food additive, in
particular to expand the list of steviol glycosides to 60 steviol glycosides identified in the leaves of
Stevia Rebaudiana Bertoni. With the existing specifications, the food additive must be comprised of not
less than 95% of the 11 named steviol glycosides. The proposed change is to include all 60 steviol
glycosides in the same limit value of 95% and this would allow the presence of up to 5% of impurities.
FAF Pandl considered that all steviol glycosides share the same metabolic fate, and therefore, the
safety of 60 identified steviol glycosides can be based on read-across from toxicological data previously
evaluated by EFSA and the acceptable daily intake (ADI) of 4 mg'kg body weight (bw) per day wil
apply to dl those steviol glycosides. However, according to the prop change in ions,
there remains a small but not insignificant fraction of the addrtme that would be undefined and
therefore cannot be evaluated by the Panel. The Pand concluded that the inclusion of the 60 steviol
glyoosides in the proposed specifications for steviol glycoside (E960) would not be of safe!:\,I concern.
However, the Panel cannot condude on the safety of the prop to the of
steviol glycosides (E 960) as food additive if the purity assayI value of not less than 95% for the total
mntent of steviol glyoosides is maintained.

B 2020 European Food Safety Authority. EFSA Journal published by John Wiley and Sons Ltd on behalf
of European Food Safety Authority.

Keywonds: Steviol glyoosides, E960, food additive

Requestor: European Commission
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Steviol glycosides profiled using ion mobility
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ompound

ormuia

VI-H|"

Determined micro-flow UPLC retention times and "WCCSN, values

P
Rt (mins)

Reference

TWCCS
R

g

Waters

Reference
M - H +
HCQH]

rebaudioside E

rebaudioside D

rebaudioside A

stevioside

rebaudioside F

rebaudioside C

dulcoside A

rubusoside

rebaudioside B

steviolbioside

steviol

©2023 Waters Corporation

C44H 70023

CSOH 80028
C44H 70023

CagHe0O1s
CasHesO2,
CyaH7002;

C38H60017

CSZH 50013
C38H 60018
C32H 50013

C2 OH 3003

965.4230

1127.4758
965.4230

803.3701

0935.4124

949.4280

787.3752

641.3173

803.3701

641.3173

317.2117

Steviol glycoside characterisation (spiked chocolate spread extract matrix)

6.61

6.68
7.17

7.20

7.32

7.37

7.40

7.56

1.77

7.81

9.48

289.2

321.8

298.9

269.6

293.2

299.5

270.6

241.3

261.2

235.8

173.4

TWCCS, (42
2987 (5%).

3245 (11%)
3113 (19%
2781 (46%),
3065 (9%),

3081 (10%),

2502 (284%)




Extracted mass chromatograms for steviol and profiled steviol glycosides
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Dulcoside A 1pg Rebaudioside D 0.80pg
Rebaudioside F 0.76pg Stevioside 1pg

Rebaudioside E 0.92pgRubusoside 0.68pg
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A Waters ACQUITY UPLC M-Class® System
A Miroflow reverse phase gradient: iKey @ 2.0pL/min
A Injection Volume: 1pl (full loop)




lon mobility ATD drift time plot showing two mobility separated species at m/z 787.37 N
for Reb C and Dulcoside A Wo’rers
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lon Mobility convoluted isomeric quantitation of steviol glycosides

Sample code

Sample 1

Sample 2
Sample 3
Sample 4
Sample 5

Sample 6
Sample 7

Sample BE22

Sample T9

Sample TB6

Sample BB1

HRMSE
dulcoside A
[M-HJ
386.10

31.33
18.97
10.14
37.24

577.18
128.54

61.54

503.15

152.90

549.45

Calculated Concentration pg/pL

HDMSE
dulcoside A
[M-H]
98.39*

Not observed
Not observed
Not observed
Not observed

105.93
Not observed

Not observed

262.58

Not observed

Not observed

HRMSE
stevioside
[M-HJ
1843.24

1823.76
1505.52
1337.54
1840.37

2315.34
1620.93

1370.90

2578.72

1730.29

1682.17

HDMSE
stevioside
[M-HJ
1374.0

Not observed
Not observed
Not observed
Not observed

2196.0
1306.62

190.79

2285.08

1610.28

1404.13
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Soft drink analysis 2020: And still working in 2023! Waters:

A Robust, reproducible CCS values: Standing the test of time

A Methodology: UPLC-IM-MS

A Steviol glycosides identified using CCS: Retention times determined using 10 min retention time window
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