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1 — Context & objectives



.+ Context: why control eggs
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Egg production, 1961 to 2023

Our World
in Data
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80 million t
+31% over the
last 10 years
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Data source: Food and Agriculture Organization of the United Nations (2025) OurWorldinData.org/meat-production | CC BY

Note: Figures include eggs derived from all domesticated or farmed birds.

Eggs control is important because this matrix is
consumed almost daily !

Egg productlion, 2023
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6.53 million t = 75% of the world production
3.45 million t

s2smiont  EU = 3.3% of the world production

3.17 million t

2.62 million t
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Per capila egg consumption, 2021

Average per capita egg consumption, measured in kilograms per year (in shell weight).
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Data source: Food and Agriculture Organization of the United Nations (2024)

Note: Data refers to average per capita food supply at the consumer level, but does not correct for any wastages at the household level.
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OurWorldinData.org/meat-production | CC BY

/)



_ r:‘s:es Context: why use a Q-ToF HRMS system?

7.4.2017 IEI Official Journal of the European Union L 951

HRMS o g ;
Technologies Y g
Scan Speed - _\ High-resolution é@o

reflectron

TOF MS D ®
Standard = A (@)
& high-field
| Orbitrap FTMS
REGULATIONS f“"‘\ ®
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REGULATION (EU) 2017/625 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL St
1t Ji
FT-ICR MS
of 15 March 2017 ©
on official controls and other official activities performed to ensure the application of food and feed
law, rules on animal health and welfare, plant health and plant protection products, amending
Regulations (EC) No 999/2001, (EC) No 396/2005, (EC) No 1069/2009, (EC) No 1107/2009, (EU)
No 1151/2012, (EU) No 652/2014, (EU) 2016/429 and (EU) 2016/2031 of the European Parliament
and of the Council, Council Regulations (EC) No 1/2005 and (EC) No 1099/2009 and Council LC-Q-ToF HRMS
Directives 98/58/EC, 1999/74/EC, 200743[EC, 2008/119/EC and 2008/120/EC, and repealing
Regulations (EC) No 854/2004 and (EC) No 882/2004 of the European Parliament and of the Council,
Council Directives 89/608/EEC, 89/662(EEC, 90/425/EEC, 91/496(EEC, 96/23/EC, 96/93/EC and 97|78 S -AnE
o "EC a.nfd Ciuncil Djlecisi:l:m 92{43{3{151];(: {Dﬁ‘iclrial CIEJElrmIs Ineéuhﬁui: RCmd 9717H QL Acquisition speed
U Equipment miniaturization (reflectron)
- Mukl-VMPRS screening UIncrease in the number of equipped labs
" g y method for egg products
7 (Full Scan HRMS - ToF)
MR 3 Including as many relevant Group B1 Strategic context for the evolution of screening methods

“a

antibiotic residues as possible

L Regulatory to exposure strategic context

Q Using a single Full Scan High Resolution U Technology allows retrospective analyses
Mass Spectrometric instrument
(UPLC-IMS-QTOF-MS)

HRMS screening

methods for VMPRs

in meat and milk

(Orbital trap — FullScan vDIA)
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Develop a full-scan HRMS method for
broad VMPR analysis and high-
throughput screening in egg products
using an LC-IMS-QToF system

I Objective 01

Study of the contribution of ion

I Objective 03
mobility

Objective 02

Validation according to Reg (EU)
2021/808 (screening method)

Objective 04
Performance comparison between
two HRMS systems: Orbitrap VS ToF
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\¢ Field of application: Analytes of interest in eggs
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Antibiotics from Group B1a & A3c

Pleuromutilins Lincosamids
s
Phenicols
e
Sulfonamides
17
acyclins
7

Tetr

Penicillins
8

Quinolons
10

Macrolides
11

>
e
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gac |l
283 g
ged
® z
83:
<3 it
39
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| Analytes choices were based on
NRMP recommendations

| 10 family classes
| 76 analytes

| High variability of physico-chemical
properties




¢} Field of application: Analytes of interest in eqgqs
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Regulatory status of antibiotics of interest

Optional Prohibited
Without any M (B1a) \ (A2)
(A3c) 2 1

4

Not authorized
(B1a)

With MRL (in other matrices) 37

With MRL
(B1a)
12

4P e

r
Dye VMP
s

Bla (table 1 of reg 37/2010): specified as “not authorized for laying hens »
CCB as low as possible -> at or above LCL

A3c (not in reg 37/2010): substances without any MRL
CCPB as low as possible -> at or above LCL

Bla (table 1 of reg 37/2010): authorized for laying hens (MRL in eggs)
0.1 MRL < €CB < 0.5 MRL (MRLs ranged from 25 to 200 pug/kg)

Bla (table 1 of reg 37/2010): no MRL in eggs

MMPR = 0.25 x Lowest MRL of all other matrices (cascade MRL)
CCB < MMPR (MMPRs ranged from 2.5 to 50 ug/kg)

A2 (table 2 of Reg 37/2010): prohibited substances
CCB < MMPR =5 pg/kg (Dapsone)

Bla (table 1 of reg 37/2010): optional MRL substances in eggs (metabolites)
0.1 MRL< CCB < 0.5 MRL



+» Methods: Analytical system
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uPLC®

CLASS R o (| T S - E
UPLC Acquity H-CLASS ‘ ' : '
Binary Solvent Manager
Limit Pressure: 1250 bars

VIO IMs QTof

lon Source: ESI or UniSpray

Zspray interface

LockSpray: Leucine Enkephalin (internal calibration
for mass and CCS); mass accuracy < 3 ppm

Resolution > 50 000 (MS, MS/MS) m/z 956 (40Hz)
> 44 000 (MS, MS/MS) m/z 785 (40Hz)
> 35 000 (MS, MS/MS) m/z 152 (40Hz)

=

= Waters'

Ui~

SCIENTIFIC INFORRAATION 5¥ STEM

—/

lonic Mobility couple to Low and high energy full scan

I Acquisition mode: HD-MSE (IMS and IDA):
acquisition




) Methods: HDMSE acquisition mode
an

1. IMS : Determination of Drift Time (CCS values) from
precursors ions
. MSE:Fragmentation at Low and High ramping Energy

[— — -\ .

2
3. MS: NV ) . QuanTor 2

} HDMSE = IMS + MSE)

FLIGHT TUBE

Viun* IMS QTof

s
"
==k
STEP|WAVE w msti‘l‘itmnﬁm

_ — IMS run: msec
Precursors and Products e o Chom 70,2255 1568)

lons have the same CCS

106 10°°
| TOF MS Time (s)
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+» Methods: HDMSE acquisition mode
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LC separation
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Precursorions | |

ions

Deconvolution of acquired data

Precursor
and product
| I . 1.

High energy
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MSE

Retention time aligned precursor and product ions
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NnMs | |
k / ion mobility/gas phase /
separation

Item name: J3-5E6-1 Channel name: Low energy : Time 4.3963 +/- 0.0271 minutes
Item description:
2.75e4
251.05967
. .
Sulfadiazine
20000} . I 267.12055
precursor ion (low energy)
>
B 273.04186
é 100004 /
: 151.12310
194.11778
189.10248~ ‘
oL, . . . i ! | : . “\ I H I
25 50 75 100 125 150 175 200 225 250 275 300
Item name: J3-SE6-1 Channel name: High energy : Time 4.3963 +/- 0.0271 minutes
Item description:
29509375353
. . \
Sulfadiazine
. .
- fragments ion (high energy)
2 5000
=
g 15112276
£ 500 108.04476 267.12026
Mass error: -0.2 mDa 137.0600 181.07623 251.05979 /
‘ | | |—139.10137 ‘ ‘
0 T T T T T T T T T T
25 50 75 100 125 150 175 200 225 250 275 300

Observed mass [m/z]

Item name: J3-SE6-1 Channel name: Low energy : Time 4.3963 +/- 0.0271 minutes : Drift Times: 4.50 +/- 0.20.
ltem description:

Commission

EU-RL and NRL for
Antibiotic & Dye VMP
Residues

IMSE

IMS

2.75e4
251.05967
20000+ 267.12055
=
z
£ 10000
269.13596
’
. ‘ |‘
T T T T T T T T T T
50 75 100 125 150 175 200 225 250 s 300
ftem name: 13-SE6-1 Channel name: High energy : Time 43963 +/- 0.0271 minutes : Drift Times: 4.36 +/- 0.4.
Item description:
1.82e3
267.12026
2/2
15004
108.04476 251.05979
7 Mass error: -0.2 mDa {':2
S 1000 B
2 156.01215
& Mass error: 0.8 mDa
= 500+ 4 1601215 [
0 T

Observed mass [m/z]

T T T T T T T T T - ¢
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| HDMSE
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Methods: batabase set up

Expected RT {min) Expected neutral mass (Da)

Component name
Cefacetrile

Valnemulin

Tylosin

Tulathromycin B
Benzylpenicillin (Penicillin G)
Sulfanilamide

Sulfathiazole

Tetracycline

Sulfachloropyridazine

& [tem tags

Béta lactamines
Pleurcmutilines
Macrolides et apparenteés
Macrolides et apparentés
Béta lactamines
Sulfamides

Sulfamides

Tétracyclines

Sulfarnides

MNavaobiocin Autres - Divers

Sulfaclozine Sulfamides

Cefalexine ,“"'------"‘ﬁ
-

L
Sulfarmethona: F

Florfenicol am

.--.—-

Formulae
&
Exact mass

455

T.er

7.50

3.61

T.20

1.1

455

5.10

5.90

9.32

6.01

Retention
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time

339.0525

564.3597

915.5192

805.5664

334.0987

172.0306

255.0136

4441533

284.0135

612.2319

284.0135

,
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Adducts | Expected fragment (my/z)
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+H

+H

+H

+H

+H

+H

+H

+H
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Formula

C13H13N3065

Add Delete

o i Adduct | Mass

1 +Na

Charge

22.98...

'-----"—‘

156.0114, 92.0495, 108

4101234 3821129, 134,

189.0810, 396.1442, 218

130.0167, 191.96285, 94,

L ]

Adducts

CoHEM2025
0449 CIHOIM30252
0499 C22H24M208
C10HSCINAD2S
1023 C31H3EMNZ011
0651 CI10HSCINAOZS
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Methods: sample preparation

2-FOLDLLE

+ 3mL of citric acid 5mM in
H20/MeCN (25/75; v/v)
e 3mL of MeCN

EXTRACTS
CONCENTRATION

Addition of 50 pL of DMSO
Evaporation under N2

FINAL
RECONSTRUCTION

50pL of DMSO + 950pL of 0.2M
ammonium acetate

FILTRATION

0.45pm
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3 — Validation design



+» Methodsyvalidation plan

Antibiotic & Dye VMP
Residues

anses
STUDIED LVL 1 LVL 2 LVL 3 LVL 4 LVLS LVL & RF RV
CONCENTRATIONS min max
MRL SUBSTANCES 0.10 0.25 0.50 1.00 1.50 2.00 25 1000
[2.5 - 2000] MRL MRL MRL MRL MRL MRL ug/Kg ug/Kg
IF NO MRLS IN EGGS 0.10 0.25 cMRL 0.50 1.00 1.50 2.00 2.50 50
[1.0 - 400] cMRL (MMPR) CMRL cMRL CMRL CMRL Hg/Kg ug/Kg
2.00 MMPR
PROHIBITED OR o 5 10 20 30 40 or RPA )
UNAUTHORIZED SUBSTANCES HI/Rg ug/Kg na/Kg Hg/Kg Hg/Kg ug/Kg
[2.0 - 40] {LCL) If applicable
Parallel validations
performed on 3 validation days
METHOD
n = 21 for each level studied VALIDATION

Multiple comparisons
of systems &
acquisition modes




¢ Methodsxrcp determination

anses

Incresead false
negative rate

chromatograms

were
checked

FI"leT"(.-ﬂTS
S/IN
Am/z

lon ratios Level of Identification
for CC
Precvireor lon P 3

L CCS <% /

Precursor lon

acquisition

modes

Increased false

positive rate
S/N=23

Relative retention time + 0.1min
A m/z < S5ppm (or < TmDa if m/z < 200)

levels
7 4 of conc.

EURL Workshop - HRMS Training Session - Anses Fougéres — April 29-30th 2025 a n a Iytes

replicates

esidues
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4 — Results
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«» Results: MRL Substances i
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n =12: MRLs ranged from 25 to 1000 ng/g
Using HDMSE acquisition mode Using MSE acquisition mode Using FullScan vDIA acquisition mode
(Vion) (Vion) (QExactive)
mCCB=0.1MRL ®CCB=0.25MRL = CCB=0.5MRL CCA=1.0 MRL = CCB > MRL
Erythromycin (MRL = 150) CTC (MRL = 200)
Tylosin (MRL = 200) Epi-CTC (MRL = 200)
Tylvalosin (MRL = 200) OTC (MRL = 200)
High-mass calibration (Day 1)
= Similar results = Similar results
Tetracyclins(x6) & (macrolides) having best results using MSE Tetracyclins (x6) having best results using MSE

O,



. r:‘;‘es Results: substances using a Cascade MRL
n =20 : MRLc ranged from 10 to 200 ng/g

Using HDMSE acquisition mode Using MSE acquisition mode Using FullScan vDIA acquisition mode
(Vion) (Vion) (QExactive)

\.

A\

_—1)

Y

m CCB =1/2 MMPR mCCBp=0.25 MRLc=MMPR  ®mCCB=0.5MRLc = CCB=MRLc m CCP > MRLc

6x Cephalosporins (MRLc = 20-100) Baquiloprim (MRLc = 10) DCCD (MRLc = 100)
1x Penicillin (Nafcilline ; MRLc = 30) Rifaximine (MRLc = 60) Cephalonium (MRLc = 20)
1x Pleuromutilin (Valnemulin ; MRLc = 50) DCCD (MRLc = 10)
2x Others (MRLc = 50-60) 3x Macrolids: High-mass calibration (Day 1)

— HDMSE: seems to be the least efficient VS MSE
— FullScan vDIA: seems to be the best efficient VS MSE

Residues
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<~ ResuUlts: Prohibited & Unauthorized substances -h
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n = 42 CCB evaluation performed from 2 to 40 ng/g
Using HDMSE a.cquisition mode Using MSE acquisition mode Using FullScan vDIA acquisition mode
(Vion) (Vion) (QExactive)
2
/5 2 h
3
2
m CCp=2ng/g m CCp=5ng/g m CCp=10ng/g ® CCp=20ng/g CCp =30ng/g CCp =40 ng/g m CCp >40 ng/g
5x Penicillins 5x Penicillins 3x Quinolons (Difloxacin, Nalidixic & Oxolinic acid)
5x Sulfonamids 4x Macrolids: High-mass calibration (Day 1) 1x Penicillin (Cloxacillin)
2x Macrolids 2x Sulfonamids (SDMZ & Sulfanilamide)
2x Amphenicols (FF & FFA) 1x Amphenicol (FF)
1x Cephalospirin (Cefuroxim) 1x Cephalosporin (Cefuroxim)

— HDMSE: seems to be the least efficient VS MSE
—> FullScan vDIA: seems to be the best efficient VS MSE Q




+* Results: HpMsE - ccp using or not CCS as criterion

. Prohibited substances 0 MRLc substances g MRL substances
g 30 g 8 ! é
& 25 & [ P
3 20 5 6 g
3 3 [ 5
3 15 y 5
£ CCS increases CC3 £ 4 £3
g 10 g g2
. I - il fl i i 1
0 . I. B e n. = 0 1 0 .
2 5 10 20 30 40 >40 0.10 MRLc 0.25 MRLc 0.50 MRLc MRLc > MRLc 0.10 LMR 0.25 LMR 0.50 LMR >LMR
CCP (ug/kg) CCB (mg/kg) CCP (ug/ke)

B Without CCS M With CCS

Incresead false
negative rate

— Addition of CCS as a criterion increases CCB values of prohibited substances
o 7 — No differences for MRL or MRLc substances

* Precursor lon
ACCS<5%

Increased false
positive rate

The CCS can be an interesting identification criterion for complexe matrices, but
only if the concentration levels of interest are sufficient.

Precursor lon *

S/N=3
Relative retention time + 0.1min

A m/z < 5ppm (or < TmDa if m/z < 200)
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5 — Conclusion



~» Conclusion:

EU-RL and NRL for
Antibiotic & Dye VMP
a n S e S e

@ Importance of monitoring antibiotics in eggs:
widely consumed ; many antibiotics have no MRL or not authorized for laying hens

@ SOP for screening: LLE & LC-HRMS method has been fully developed & validated

(2021/808)
®
Comparison between HDMSE VS MSE:
Specificity | Data interpretation | Sensitivity | FNR FPR | Suitable for
MSE (without IMS) - - + - -~ Screening
HDMSE (with IMS) + + - - - Confirmation
®

Comparison between Vion (Q-ToF) and Q-Exactive* (Q-Orbitrap) systems:
Q-Exactive* system seems to be the one offering the lowest detection limits for VMPRs in
eggs

- v-DIA use three fixed CE values (low, medium & high) for Product lons

- MSE use low to high ramping CE to Products lons

- MSE detection was carried out using a UniSpray source: very fast soiling




Thank you for your attention!
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