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1 — Context & objectives
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Context: Why control eggs?

+76% from 2000 to 2023

+31% over the
last 10 years

TOP 10 producer countries
= 75% of the world production

Equivalent to ≈ 271 Eggs
per inhabitant per year in EU

considering an average weight of 50g

EU = 3.3% of the world production

Eggs control is important because this matrix is 
consumed almost daily !
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Context: Why use a Q-ToF HRMS system?

Regulation 2017/625 requires to ensure the control of 
VMPRs in food

HRMS
Technologies
Scan Speed

LC-Q-ToF HRMS

❑Acquisition speed
❑Equipment miniaturization (reflectron)
❑Increase in the number of equipped labs

Strategic context for the evolution of screening methods

❑Regulatory to exposure strategic context 
❑Technology allows retrospective analyses

HRMS screening 
methods for VMPRs
in meat and milk
(Orbital trap – FullScan vDIA) 

❑ Including as many relevant Group B1 
antibiotic residues as possible

❑ Using a single Full Scan High Resolution 
Mass Spectrometric instrument 
(UPLC-IMS-QTOF-MS)

Multi-VMPRs screening 
method for egg products
(Full Scan HRMS - ToF)
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Objective 01
Develop a full-scan HRMS method for 
broad VMPR analysis and high-
throughput screening in egg products 
using an LC-IMS-QToF system

Objective 02
Validation according to Reg (EU) 
2021/808 (screening method)

Objective 03
Study of the contribution of ion 
mobility

Objective 04
Performance comparison between 
two HRMS systems: Orbitrap VS ToF

Objectives
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2 — Materials & Methods
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Antibiotics from Group B1a & A3c

Sulfonamides
17

Cephalosporins
11

Macrolides
11

Quinolons
10

Penicillins
8

Tetracyclins
7

Others
4

Phenicols
3

Pleuromutilins
3

Lincosamids
2

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 eggs



Not authorized 
(B1a)

37

With MRL 

(B1a)

12

With MRL (in other matrices) 

(B1a)

20

Without any MRL 

(A3c)

4

Optional

(B1a)

2

Prohibited 
(A2)

1
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Regulatory status of antibiotics of interest

Field of application: Analytes of interest in eggs

B1a (table 1 of reg 37/2010): specified as “not authorized for laying hens »
CCβ as low as possible -> at or above LCL

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

B1a (table 1 of reg 37/2010): authorized for laying hens (MRL in eggs)
0.1 MRL ≤ CCβ ≤ 0.5 MRL (MRLs ranged from 25 to 200 µg/kg)

B1a (table 1 of reg 37/2010): no MRL in eggs
MMPR = 0.25 x Lowest MRL of all other matrices (cascade MRL)
CCβ < MMPR (MMPRs ranged from 2.5 to 50 µg/kg)

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

B1a (table 1 of reg 37/2010):  optional MRL substances in eggs (metabolites)
0.1 MRL ≤ CCβ ≤ 0.5 MRL



Methods: Analytical system

UPLC Acquity H-CLASS
Binary Solvent Manager
Limit Pressure: 1250 bars

Ion 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)

Acquisition mode: HD-MSE (IMS and IDA): 
Ionic Mobility couple to Low and high energy full scan 
acquisition

10
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1. IMS : Determination of Drift Time (CCS values) from 
precursors ions

2. MSE : Fragmentation at Low and High ramping Energy
3. MS : Mass Analyser (TOF), using reflectron

1.
2.

3.

HDMSE = IMS + MSE)

Methods: HDMSE acquisition mode



2D 
(RT, Intensity)

MSE

MSE

HDMSE

Precursor ions

Precursor 
and product 
ions

LC separation Low energy

High energy

Retention time aligned precursor and product ions

Drift time aligned precursor and product ions

Methods: HDMSE acquisition mode
Sulfadiazine

precursor ion (low energy)

Sulfadiazine
fragments ion (high energy)

IMS

MSE

HDMSE

Deconvolution of acquired data
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Methods: Database set up
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Methods: Sample preparation
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3 — Validation design



FullScan vDIA

MSE 

HDMSE 
METHOD

VALIDATION

Multiple comparisons
of systems &

acquisition modes

Parallel validations
performed on 3 validation days

n = 21 for each level studied Method developped and dedicated 
specifically for VMPRs in Eggs

Method developped and validated 
antimicrobials  in Muscle and fish flesh

Validation planMethods:

16



6
levels
of conc.

21
replicates

3
acquisition

modes

27,972
chromatograms

were
checked

EURL Workshop - HRMS Training Session - Anses Fougères – April 29-30th 2025

Methods:CCβ determination

CCβ is obtained using method 2 of Reg (EU) 2021/808

At least 20 spiked blank samples are analysed at different 

concentrations levels. CCβ corresponds to the concentration 

level where the percentage of false-negative results are ≤ 5%

Increased false
positive rate

Incresead false
negative rate

74
analytes

Level of Identification
for CCβ
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4 – Results



MRL SubstancesResults:
n = 12 : MRLs ranged from 25 to 1000 ng/g

72

2

1

0

Using HDMSE acquisition mode
(Vion)

7

0

2

0

3

Using MSE acquisition mode
(Vion)

7
1

1
0

3

Using FullScan vDIA acquisition mode
(QExactive)

 Similar results
Tetracyclins(x6) & (macrolides) having best results using MSE

Epi-CTC (MRL = 200) Erythromycin (MRL = 150)
Tylosin (MRL = 200)

Tylvalosin (MRL = 200)
High-mass calibration (Day 1)

CTC (MRL = 200)
Epi-CTC (MRL = 200)

OTC (MRL = 200)
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 Similar results
Tetracyclins (x6) having best results using MSE



Substances using a Cascade MRL
n = 20 : MRLc ranged from 10 to 200 ng/g

Results:

 HDMSE: seems to be the least efficient VS MSE

 FullScan vDIA: seems to be the best efficient VS MSE

7

1
2

10

Using HDMSE acquisition mode
(Vion)

13

4

1 1 1

Using FullScan vDIA acquisition mode
(QExactive)

4

1

2

7

6

Using MSE acquisition mode
(Vion)

6x Cephalosporins (MRLc = 20-100)
1x Penicillin (Nafcilline ; MRLc = 30)

1x Pleuromutilin (Valnemulin ; MRLc = 50)
2x Others (MRLc = 50-60)

Baquiloprim (MRLc = 10)
Rifaximine (MRLc = 60)

DCCD (MRLc = 10)
3x Macrolids: High-mass calibration (Day 1)

DCCD (MRLc = 100)
Cephalonium (MRLc = 20)
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Prohibited & Unauthorized substances
n = 42 CCβ evaluation performed from 2 to 40 ng/g

Results:

10

10
8

6

2
2

4

Using FullScan vDIA acquisition mode
(QExactive)

6

6

5
8

31

13

Using MSE acquisition mode
(Vion)

5

5

7

53
2

15

Using HDMSE acquisition mode
(Vion)

5x Penicillins
5x Sulfonamids

2x Macrolids
2x Amphenicols (FF & FFA)

1x Cephalospirin (Cefuroxim)

5x Penicillins
4x Macrolids: High-mass calibration (Day 1)

2x Sulfonamids (SDMZ & Sulfanilamide)
1x Amphenicol (FF)

1x Cephalosporin (Cefuroxim)

3x Quinolons (Difloxacin, Nalidixic & Oxolinic acid)
1x Penicillin (Cloxacillin)

 HDMSE: seems to be the least efficient VS MSE

 FullScan vDIA: seems to be the best efficient VS MSE
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Increased false
positive rate

Incresead false
negative rate
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HDMSE - CCβ using or not CCS as criterionResults:

CCS increases CCβ
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 Addition of CCS as a criterion increases CCβ values of prohibited substances
 No differences for MRL or MRLc substances

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



 

 Specificity Data interpretation Sensitivity FNR FPR Suitable for 
MSE (without IMS) - - + - + Screening 

HDMSE (with IMS) + + - + - Confirmation 

Conclusion:

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:

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 Ions
- MSE use low to high ramping CE to Products Ions
- MSE detection was carried out using a UniSpray source: very fast soiling 24
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