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DRF/JOLIOT/DMTS/SPI

Current regulatory analyses of pollutants

Advantages :

➢ Very sensitive

➢ Specific

➢ Fast and easy interpretation

Limitations :

Time consuming development➢

Focused on targeted and known ➢

molecules

• GC/MS analyses

• LC/ESI-MS/MS analyses in MRM mode (Multiple Reaction
Monitoring) on triple quadrupole spectrometers

Reference methods to date
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Food safety: unknown or unexpected 
molecules?

❖ Known but unexpected contaminants :

– The case of milk adulteration with melamine :

Melamine

Production of unknown  or untargeted xenometabolites 
with questionable toxicity 

❖ Metabolism of pollutants  :

In the environment In water treatment plants By man or animals

4 deaths and thousands of intoxications
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Improvements provided by High 
Resolution Mass Spectrometry (HRMS)

FT-ICR

TOF

Orbitrap

➢ Access to large quantity of information
➢ High measurement precision : elemental composition 

▪ Aconitic acid
(m/z 173.009163)

▪ Shikimic acid
(m/z 173.045548)

▪ Suberic acid
(m/z 173.081933)

R = m/ m

1 ppm: 100,0001

CxHyNzOw …
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The metabolomic workflow

Sample

preparation

1 Metabolome

analysis

GC/MS

LC/MS

RMN

2

Data processing

Automatic detection of 

signals

Selection of 

relevant features

Annotation :

Databases

public / internal

3

Statistical

analyses

Multivariate

Univariate

4
Metabolite

identification

- To confirm annotations

- To characterize unknowns

5
Data visualization

6
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HECTL

HE is a neurological complication of acute or 
chronic liver disease. 

60 to 80 % of cirrhotic patients exhibit cognitive 
disorders potentially related to minimal HE. 

The aim of the study: to highlight altered metabolic
pathways in HE patients by using CSF metabolomics.
➢ patient stratification
➢ pharmacological targets

~ 500 signaux LC/MS annotés, 120 identifiés et sélectionnés, 73 métabolites dont les concentrations 

sont modifiées par la pathologie

- Altération du métabolisme énergétique cérébral: potentielles nouvelles cibles pharmacologiques 

- Possibilité de stratifier les patients selon la gravité des atteintes hépatique et neurologique
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High intensity features related to drugs and metabolites
have been detected in 7 out of the 14 HE patients

RT: 0.16 - 11.11
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[M+Cl]-

[M+HCOOH-H]-

[M-C6H4F2H]-

Fluconazole

m/z 191.0685

Putative annotation HMDB Metlin KEGG Samples

Levetiracetam HMDB15333 66750 C07841 BM2

Metronidazole HMDB15052 573 C07203 BG9

Fluconazole HMDB14342 2708 MGH9, NQ1, ZG8, AZ0

diazepam HMDB14967 3521 C06948 BC8, MHG9, MP01, NQ1, ZG8

N-Desmethyldiazepam  HMDB60538 896 C07486 BC8, MHG9, MP01, NQ1, ZG8

Tazobactam HMDB15544 581 D00660 BG9, NQ1, ZG8

Piperacillin HMDB14464 1964 D08380 BG9, NQ1, ZG8

Could explain PCA outliers
Drug induced HE???
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Foodomics

(Herrero M., Mass Spectrom. Rev., 2012)

The study of food and nutrition through advanced omics technologies 
to improve consumer’s well-being, health and confidence. 
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Metabolomic based approach
▪ Unknown or untargeted contaminants

▪ Adulteration markers

HRMS: all in one approach
RT: 0.00 - 29.95
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Targeted approach
▪ Based on a large spectral 

database of hundreds of 
pollutants

FT-ICR

TOF

Orbitrap

Advantages :✓

High resolution➢

High versatility ➢

Retrospective analyses➢

Structural analysis➢

✓ Limitations :
➢ Data complexity
➢ Sensitivity
➢ Time consuming 

interpretation
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Production and consumption of honey in France

Consumption

Production

❖ Decline of bees population: exposition to pesticides

❖ Significant imports of honey: increased risks of adulteration

❖ Presence of antibiotics: human health concern

Adapted from Planetoscope, 2009

Proof of concept study on honey

Evaluation of the quality of honey
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Material and Methods

▪ 76 honeys regrouping  6 floral origins  :
▪ Multi flower
▪ Acacia
▪ Orange tree

▪ Lavender
▪ Mountain
▪ Eucalyptus

❖ Pollutants:

▪ 55 pesticides 

▪ 28 antibiotics
83 targeted pollutants

❖ Samples: 

❖ Spectral database:

Injection of individual standard
Implementation of pertinent information



DRF/JOLIOT/DMTS/SPI

Material and Methods
❖ Sample preparation: liquid-liquid extraction

❖ Honeys samples analyses:

5g
honey

Samples spiked 
with reference 

compounds

QuECheRS
protocol

Nexera
(Shimadzu)

Q-Exactive (Thermo 
Fisher scientifics)

POS
R = 50 000

< 5ppm

▪ Semi-quantification
▪ 80% < extraction yields < 100%
▪ 3 replicates of each condition
▪ All molecules spiked at 10ng/g = MRLs

C18 column
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Metabolomic based approach

First data mining
RT: 0.00 - 29.95

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

28.38

0.88

15.18

9.01

12.6310.66

10.49

28.308.196.04 7.20 16.5113.06

5.17
22.31 27.2322.6222.144.83 26.8216.94 18.31 21.164.653.841.24

2.62

NL:
1.34E10

TIC  MS 
20131018_po
ol_803_mlc_H
SS-T3_pH2-
5_100ngmL_p
os_045

Targeted approach
▪ 83 molecules in the 

chemical library
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Amitraz
Carbendazim

Antibiotics / Pesticides
9 / 27

❖ 74 out of 76 honey samples are polluted by at least one molecule
❖ 36 out of the 83 molecules analyzed were detected in samples

O
cc

u
rr

en
ce

 in
 h

o
n

ey

Targeted analysis results

Pollutants (Cotton et al., J. Agricultural Food Chem., 2014)
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Metabolomic based approach

Second data mining
RT: 0.00 - 29.95
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Targeted approach
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1. Identification of new xenobiotics

2. Chemical characterization 
of honey samples

XCMS

Automatic peak detection and alignment

Peaktable

Samples

F
e
a
tu

re
s

(r
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m
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)

RT: 0.00 - 29.95
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Statistical analyses and data mining

LC/HRMS fingerprint
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Detection of new xenobiotics

Use of chlorine isotope contribution: ➢
35Cl and 37Cl

Implementation of an algorithm for the automatic detection of chlorinated ➢

compounds from XCMS peaktables

Δm/z (37Cl – 35Cl) = 1.9970

Δm/z (37Cl – 35Cl) = 1.9970
Same RT

0.25 < Intensity ratio < 1.1

Min intensity

(Cotton et al., J. Agricultural Food Chem., 2014)
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✓ Validation:

▪ All chlorinated pollutants detected previously were found

✓ Formal identification of 2,6-dichlorobenzamide

▪ Metabolite of dichlobenil, an herbicide used in 
lavender culture
▪ Only found in lavender honey
▪ Banned in France in 2010

✓ Characterization of 10 unknown xenobiotics (present in 1 to 70 
honey samples):

▪ Elemental composition (MS/MS experiments often not informative)
▪ Not found in databases (HMDB, KEGG, METLIN)
▪ Unknown metabolites or abiotic degradation products ?

(Cotton et al., J. Agricultural Food Chem., 2014)
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Acacia

Orange trees

Lavender
Multi flowers

Mountain

Discrimination of honeys according to 
their floral origin

Hypoxanthine Naringin Phenylalanine
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Future safety analyses?

✓ Screening of hundreds of contaminants
(regulatory assessments)

✓Warnings based on chemical profile
databases
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The main challenges: 
Xenobiotic detection and identification 

There is no universal method to detect, identify and quantify
metabolites and xenobiotics

Global approaches are less sensitive than targeted ones

(Saric J., Anal.Chem., 2012)

mM

Concentration range

µM

nM

pM

NMR

GC/MS

LC/MS

LC/Fluo

(Adapted from Sumner L.W. et al., 2003)
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RT: 0.00 - 60.00 SM: 7G
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Putative annotation

Metabolite identification

As only few authentic references are 
available, most of the compounds will
be putatively annotated
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The main challenges: automatic detection
and alignment of signals

Samples
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n chromatograms

̴ 80% of features are detected

Many artifacts are generated (  ̴ 400 for 100 reliable features)

Data matrices have to be filtered/cleaned

(Tautenhahn R, 2008)
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The main challenges: How to select signals
of interest among thousands of features?

Control matrix

d:\010140\...\bio raw\mhg9neg 19/04/2013 11:27:34

RT: 0.00 - 8.00
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Which kinds of statistical tools?

A huge variability is observed
in the chemical composition 
of matrices. «Control/normal 
matrices» have to be
extensively characterized

Polluted matrix
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The main challenges: how to build
databases?
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sugar acid N-acetylneuraminic acid 0.9 0.5 1.0 0.5 1.1 1.4 0.3 1.0 1.2 1.0 0.9 2.4 5.9 7.7 7.8 4.4 5.0 1.5 0.8 0.6 1.2 0.5 0.8 0.9 0.7 1.2 0.7 0.8 0.7 1.2 0.7 0.8 1.2

Deoxyribose 0.6 0.4 0.5 0.5 0.6 1.5 0.3 10.2 1.0 0.8 0.7 2.3 9.1 6.3 8.1 4.0 5.0 0.9 0.7 0.5 1.0 0.4 0.7 0.5 0.7 1.7 0.5 0.6 0.7 1.3 0.5 0.5 0.7
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nucleoside derivative Succinyladenosine 0.8 0.6 0.7 0.5 0.8 1.7 0.4 1.3 1.2 1.0 1.1 1.4 8.0 3.9 6.2 4.1 2.3 1.5 0.9 0.7 1.3 0.6 1.0 0.7 0.8 1.2 0.8 0.9 0.7 1.4 0.6 0.6 1.3

Proline Betaine 0.7 0.5 2.5 0.5 0.8 2.1 0.4 1.7 3.0 2.3 0.1 6.0 0.1 5.7 0.1 4.1 0.8 0.1 0.9 1.9 4.3 0.6 1.0 0.9 0.2 0.9 0.1 2.3 0.8 0.7 3.2 0.3 2.1

Glutamic acid
0.6 0.5 0.9 0.5 0.9 1.5 0.4 1.2 1.1 0.8 0.8

2.7 3.6
0.7

3.4
2.3 2.8 1.8 0.9 0.8 1.2 0.7 0.9 0.7 0.8 1.1 0.8 0.9 0.7 1.2 0.8 0.9 1.1

Aminoadipic acid
0.8 0.6 0.8 0.6 0.9 1.4 0.4 1.1 1.2 0.8 0.8

2.2 2.2
1.8

3.2
2.6 2.9 1.7 0.9 0.8 1.2 0.7 0.9 0.7 0.9 1.2 0.6 1.0 0.8 1.5 0.7 0.8 1.1

N-acetyl-L-glutamic acid 0.5 0.5 0.7 0.5 1.0 1.4 1.0 2.8 1.2 0.8 0.8 1.1 48.6 0.6 11.9 0.7 2.0 0.8 1.2 1.4 1.0 0.4 0.9 0.7 1.6 1.3 1.3 0.8 0.4 0.8 1.3 1.3 1.2

N-Acetyl-D-allo-isoleucine
0.6 0.5 1.0 0.7 1.0 1.5 0.5 1.4 1.2 1.0 1.1

2.1 2.8 1.3 2.3
1.2 2.0 1.7 0.9 1.2 1.2 0.6 0.7 0.7 1.0 1.1 0.8 0.8 0.8 1.1 0.9 1.0 1.4

Pyrimidine derivated Dihydroorotic acid 0.9 0.7 0.8 0.4 0.9 2.2 0.4 1.3 0.9 0.8 1.0 2.1 1.6 5.5 2.7 2.2 5.0 1.3 0.5 0.7 1.1 0.8 1.0 0.7 0.5 1.4 0.6 0.7 1.1 1.4 0.5 0.6 1.3

Acetyl-carnitine 1.8 0.7 0.6 1.1 0.5 0.9 0.6 0.9 2.7 1.0 1.5 2.7 1.2 2.1 1.5 2.0 1.1 1.5 1.0 0.4 1.5 1.2 0.9 0.6 1.5 0.9 0.9 0.3 0.7 1.5 0.8 0.8 0.8

Propionyl-carnitine 1.9 0.5 0.5 1.0 0.5 1.6 0.8 0.8 2.3 1.3 1.5 2.5 0.8 3.7 1.2 2.1 0.8 0.8 1.0 0.7 1.3 1.2 0.8 0.6 1.9 0.8 1.0 0.2 0.4 1.8 1.1 0.9 0.9

Butyryl-carnitine 0.9 0.5 0.5 0.7 0.8 1.6 0.6 0.6 1.4 1.6 1.5 2.4 1.0 3.3 1.3 2.2 1.3 0.6 0.8 0.8 1.2 1.1 0.9 0.6 1.2 1.0 0.9 0.3 0.6 1.6 0.7 0.9 1.1

Methylbutyroyl-carnitine 1.3 0.4 0.6 0.9 0.8 1.9 0.5 0.9 1.5 1.4 1.3 3.0 1.0 2.5 1.1 2.4 0.7 0.7 0.8 1.0 1.3 0.9 0.7 0.6 1.1 0.8 0.9 0.3 0.4 1.7 0.9 0.8 1.0

Glycochenodeoxycholic acid
4.4 0.1 1.0 0.2 0.2 2.6 0.6 0.1 1.0 0.9 0.0

0.0 0.0 11.0 0.0

11.1 6.7 7.4 0.3 0.0 0.6 2.8 1.3 0.0 1.2 1.3 0.1 0.0 0.0 0.6 0.1 0.7 0.2

Glycocholic acid 1.7 0.0 1.0 0.2 0.2 5.5 0.1 0.0 0.6 0.6 0.0
0.0 0.0 16.0 0.0

9.6 4.8 6.2 0.1 0.4 0.4 1.9 2.2 0.1 0.5 1.8 0.2 0.5 0.0 0.2 0.2 1.2 0.9

Bile acids

Patients with unexplained encephalopathy

Carbohydrates

Hydroxy acids

Aminoacid and derivatives

Acylcarnitines

Biochemical/chemical DB

annotation

Chemical/metabolic profile DB
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Conclusion : Analyses beyond regulatory
concerns for better food safety

❖ High Resolution Mass Spectrometry can be successfully applied
to different food matrices for large screening of xenobiotics.

❖ Unexpected pollutant determination or quality assessment can
be simultaneously performed on the same food samples by
comparison with reference spectral fingerprint databases

❖ Implementation of global approaches for highlighting
unexpected contaminants in food matrices will require advanced
statistical tools and the development of spectral and chemical
profile databases.
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