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The Good

Vitamins, sugars, amino acids, 

polyphenols….

What is in a label? Product 

claims? Buying choices?

Consistency, Quality

The Fake 

More than 10% of the food 

we consume could be 

adulterated 

 

The Bad

Pesticides, natural toxins, 
antibiotics, allergens….

Contaminants and 
residues
 

Costs the food industry 

$50 Billion/year 

Food Quality Food Safety Food Fraud

Scope of Food Testing
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Targeted vs Non-Targeted Analysis 

When you know what you’re looking for! When you want to see it all!
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Technologies for Food Authentication

Spectroscopy

UV-Vis

FTIR

FTNIR

NMR

Chromatography

HPLC

GC

SFC

HPTLC

Mass 
Spectrometry

Direct 
Infusion

ASAP

DART

Hyphenated-
techniques

LC-MS

LC-HRMS

GC-MS

GC-HRMS

ICP-MS

Genetic testing

ELISA

DNA-NGS
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Several Considerations for Robust, Reliable and 

Fit for Purpose Methods
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Detect Quantify Compare Identify

Chemometric Software - Progenesis QI
Find differences between samples, identify and quantify markers

4 differences
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Waters “Omics” Research Platform Solutions 

with Progenesis QI Informatics

Proteomics

Metabolomics
Lipidomics

Authenticity

Plant/Food
 Profiling

Plant 
Metabolomics
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Research to Routine

Xevo G3-S Q-ToF SYNAPT-XS HDMS

XXEVO-TANDEM QUAD
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Q-TOF 1

Resolution = 40000

4KV pusher
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Spectral Resolution

= 500

Peak width (@ 50%) = 0.05Da

Resolution (FWHM) = 500  = 10000

Mass 

0.05

FWHM = Full Width Half Maximum

500.0 500.1499.9

100%

50%

0.05 Da

m/z
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Resolution & Exact Mass

 Quadrupole resolution is 
not sufficient to 
differentiate these two 
compounds

 ToF data with a resolving 
power of >10,000, clearly 
shows two distinct 
peaks.

 These can be accurately 
mass measured to < 
5ppm
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Periodic Table

 Every element found in nature has a unique mass

 Elements are combined to produce compounds with distinct masses and physical 
properties

 Compounds can be detected by mass spectrometry and thus their masses 
measured

 If a compound mass can be measured with sufficient accuracy, a unique 
elemental composition can be inferred – the benefit of exact mass
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Exact Mass and Elemental Composition

CO  = 27.9949

N2  = 28.0061

C2H4  = 28.0313

 These elemental combinations have the same nominal mass but different exact mass

 A nominal mass measurement cannot distinguish these

 If any compounds differ in their elemental compositions by substitution of any of these 
elements, then the exact mass measurement will show this

 Measurement of mass to 4 decimal places

 High confidence in confirming expected compounds

– Distinguishes them from compounds of similar mass

 Confirmation of elemental composition

– Identification of unknown compounds

– Patent support and scientific journals
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Overview of New Technology XevoTM G3 Q Tof

Increased 
sensitivity 
Unbiased Results
StepWaveTM XS

Increased 
quan/qual
dynamic 
range
Targeted and 
non-targeted

Increased robustness
Optimized ion optics 16,000 m/z

Calibration
Native MS &
New Modalities



15©2022 Waters Corporation COMPANY CONFIDENTIAL

Overview

 Food authenticity and safety

– Food supply network

– Why adulterate?

 Honey a unique food commodity

– Composition of honey

 Determination of botanical origin

– Non-targeted profiling

– Metabolomics study & results

 Introduction of REIMS

– Rapid profiling technique for meat speciation

 Summary

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCJ3njK_908gCFYZ2PgodGYgJ7Q&url=http://www.thekitchn.com/uh-oh-food-fraud-on-the-rise-especially-for-olive-oil-milk-and-honey-food-news-183129&psig=AFQjCNF_yg7jYAOPgYoETzaKWE8PlHcohQ&ust=1445531138884892
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Some history… 

 “Food fraud” has been around for centuries with examples such as the 
adulteration of imported tea with iron filings in the 19th century

 2008 “melamine scandal”

 2013 “horse meat scandal”

 Tip of the iceberg!

 New vocabulary

– Food Security

– Food defence

– Food fraud

– Threat Assessment Critical Control Point (TACCP)

https://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCIykvbeZ7sgCFYQhpgodTXIBew&url=https://beeuorganics.wordpress.com/2013/01/31/fake-honey-honey-flavored-corn-syrup/&bvm=bv.106379543,d.cGc&psig=AFQjCNGThrgIvsSwe_wFbLFDihEDb-q9HA&ust=1446432041020943
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But why adulterate?

 Mainly for financial gain

– Product extension

– Improve perceived quality attributes

– Brand/product substitution

– Reduce manufacturing costs

 May also be accidental or malicious

– Ignorance 

– Reputation damage

– Terrorism

HACCP and Food Security James T Flynn – HACCP Now www.haccpnow.com 

http://www.eurofins.com/en/media-centre/newsletters/food-newsletter-nr43-november-2013/quality-control-of-honey-milk-and-coffee.aspx
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLuihs7m7MgCFQfsYwodXR8KRw&url=http://www.21food.com/products/tuna-strip-meat-co-treated-435106.html&psig=AFQjCNHSWeparWLFQB0ljYw4WnA5DF_MAA&ust=1446383956323843
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjWsuuVlJHLAhXBFT4KHRbIA9kQjRwIBw&url=http://www.slideshare.net/Nostrad/food-safety-crisis-management&bvm=bv.115277099,d.cWw&psig=AFQjCNFVI9OwavkmuVFnV0ULKxSVlpsa9A&ust=1456429284342695
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjbuJD-lpHLAhXIWD4KHdmkBKcQjRwIBw&url=http://www.shouselaw.com/special-circumstances-murder-california.html&psig=AFQjCNGHrqFYafanuLf8Tt-pVoi1ALkxWw&ust=1456430048527017
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How can this happen?

(Global) food supply chain vulnerability

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOTz3Kiq0cgCFcGJGgodlqMMQA&url=http://modernsurvivalblog.com/survival-garden/grocery-food-supply-chain-risks-and-survival/&psig=AFQjCNHxgy0CQUNq33faTkOATh-JzUWGjA&ust=1445440079976879
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjBvNCRmJHLAhUCaT4KHUZyDV0QjRwIBw&url=http://animalagclimatechange.org/supply-chain/&bvm=bv.115277099,d.cWw&psig=AFQjCNGf14-HVKc0_U79ZWaL2-3rhzhG8w&ust=1456430285502668
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Determination of the botanical origin of 
honey

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCJS9rNTk7MgCFULDYwodJyUM8w&url=http://www.insectimages.org/browse/detail.cfm?imgnum=2116051&psig=AFQjCNHOvlUKnJsQh0UGQ_QstaMJ4yRtRA&ust=1446383517727478
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Honey – metabolomic profile

Every honey is an unique, complex matrix made up of plant secondary metabolites 

including:

 - flavonoids

 - phenolics

 - sugars

-natural compounds from bees

- This “fingerprint” will differ depending on 

 - region

 - forage targets

 - biological properties

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAUQjRxqFQoTCMuX9b6s0cgCFUFqGgod1bgFUA&url=http://pubs.acs.org/doi/pdf/10.1021/jf302798d&psig=AFQjCNECv8sbuc3VYlGjLRAc8s7NsUzgxQ&ust=1445440617234059
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKKxr9at0cgCFUUIGgodKFwI-w&url=http://www.bellybytes.com/herbs/acacia.html&psig=AFQjCNErF-hauc4xx-34wo-oXUyc72a4yQ&ust=1445441048703806
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCN3b8vit0cgCFYXaGgodFNgGsA&url=http://www.rgbstock.com/bigphoto/mfjC5ii/red+chestnut+blossom&psig=AFQjCNHij0nzIpFL6cKIlV9GeH6egpo95Q&ust=1445441111536561
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCMPgjJqu0cgCFYIuGgodG5YJGg&url=http://www.fragrantica.com/notes/Orange-Blossom-16.html&psig=AFQjCNEs0g9MpV9pzyN8J9hRN8mmOpC75A&ust=1445441176714979
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCP7Otr6u0cgCFcI7GgodA8YBBQ&url=http://claudiafox.hubpages.com/hub/Flowering-eucalyptus-trees-gumnut-babies-and-digiridoos&psig=AFQjCNHpZkQgA3FV6HdCL0vIAy0zcH1o_A&ust=1445441264060546
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKG1p-Ku0cgCFUHDGgodIAsDNQ&url=http://www.selfsufficientish.com/main/2011/06/foraging-for-medicine-part-one-limelinden-blossom-tilia/&psig=AFQjCNFpXP8LLSdlqfjn-SQX_A2XAM_sqg&ust=1445441331716019
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What is Manuka honey?

 Produced in New Zealand by bees that pollinate the native 

manuka bush

– Leptospermum spp is a shrub native to New Zealand and southern 

Australia 

 It has been reported to have potent biocidal activity

 Unique non-peroxide activity (NPA) – methylglyoxal (MG) from 

conversion of dihydroxyacetone (++manuka flower nectar)

 Suppliers have to demonstrate activity for labelling and to 

attract premium price

 Reputed health benefits; SIBO, acid reflux, acne, eczema, 

MRSA, burns, wounds, ulcers, sinusitus…

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCJS9rNTk7MgCFULDYwodJyUM8w&url=http://www.insectimages.org/browse/detail.cfm?imgnum=2116051&psig=AFQjCNHOvlUKnJsQh0UGQ_QstaMJ4yRtRA&ust=1446383517727478
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Manuka Honey – potential for economic adulteration
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Honey analysis

 Melissopalynology (microscopy)

– By studying the pollen in a sample of honey, it is possible to gain evidence of the geographical 

location and genus of the plants that the honey bees visited
o Pollen analysis cannot distinguish between Manuka & Kanuka

 Nuclear magnetic resonance profiling

– Proton (1H) NMR can detect any metabolites containing hydrogen

– Signals can be assigned by comparison with libraries of reference compounds, or by 2D NMR

 Non-targeted HRMS & chemometrics
– Identification chemical markers of botanical origin

– Biochemical markers of Manuka honey have been identified
– Donarski et al. (2010) Identification of botanical biomarkers found in Corsican honey. Food Chemistry 118, (4): 987-994

– Z. Jandric´ et al.  (2013) Discrimination of honey of different floral origins by a combination of various chemical parameters, Food Chemistry 89 (2015) 52-59

Manuka/Kanuka 

pollen 
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Profiling of honey - NMR 

 Initial 1H NMR results
Upper trace: Non active manuka (kanuka?)

Centre trace: Non-manuka
Lower trace: Active (5+) Manuka

New potential biomarker?

Active ingredient precursor

(Dihydroxyacetone)

Active ingredient 
(methylglyoxal)

Simultaneous screening of origin, authenticity & activity

NMR spectra crowded with overlapping signals & complicated by 
spin-spin couplings
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Metabolomics study: background

 Commercial honey is either 

– Polyfloral – derived form many plant species 

– Unifloral – derived from one plant species

 Premium price associated to some uniflorals, e.g. Manuka

– Target for food fraud to occur (e.g. adulteration, mislabelling)

 Need to understand and profile the chemical fingerprint of these honeys to help 

fight against fraud 

– Different analytical techniques have been used to do this 

 One approach: use of MS using a food metabolomics experiment
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Honey samples provided

Fera code Main botanical origin Country Year sampled

S15-051658 Heather Norway 2014

S15-051659 Heather Norway 2014

S15-051666 Heather Norway 2014

S15-051668 Heather Norway 2014

S15-051679 Heather Denmark 2014e

S15-051680 Heather Denmark 2014e

S15-051752 Heather Lithuania 2011

S15-051758 Heather Lithuania 2011

S15-051759 Heather Lithuania 2014

S15-051687 Buckwheat Poland 2014

S15-051688 Buckwheat Poland 2014

S15-051689 Buckwheat Poland 2014

S15-051747 Buckwheat Lithuania 2011

S15-051749 Buckwheat Lithuania 2011

S15-051686 Rape Poland 2014

S15-051754 Rape Lithuania 2011

S15-051760 Rape Lithuania 2009

UMF

S12-017129 Manuka New Zealand 2012 17.7

S12-045359 Manuka New Zealand 2012 20.5

S13-004671 Manuka New Zealand 2013 16.4

S15-000329 Manuka New Zealand 2014 6.8

S15-000328 Manuka New Zealand 2014 17.7

S15-000336 Manuka New Zealand 2014 22.9

S15-000333 Manuka New Zealand 2014 11.5

S15-000326 Manuka New Zealand 2014 17.2

e = estimated
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Sample preparation

 Honey samples (0.5 g) were diluted with 10 mL 1% of formic acid in 

methanol/water (1/1, v:v), shaken, sonicated (20 min), and centrifuged using a 

high speed centrifuge

 Each sample analysed in triplicate (n=3)
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LC Parameters

ACQUITY I-Class

Time Flow rate %A %B Curve

0.00 0.5 99 1 6

0.75 0.5 99 1 6

2.00 0.5 95 5 6

3.00 0.5 95 5 6

6.50 0.5 45 55 6

8.50 0.5 10 90 6

9.00 0.5 10 90 6

9.10 0.5 99 1 6

12.00 0.5 99 1 6

LC System ACQUITY I-Class

Column: 
ACQUITY BEH C18, 
2.1. x 100mm, 1.7 um

Mobile phase A: 10 mM aqueous ammonium acetate

Mobile phase B: Acetonitrile

Column temp: 45°C

Injection volume: 5 uL

Sample temp: 5°C
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MS Parameters

SYNAPT G2-Si HDMS

ESI Negative

Polarity ES-

Capillary (kV) 3.2

Source Temperature (°C) 130

Sampling Cone 30

Source Offset 80

Source Gas Flow (mL/min) 0

Desolvation Temperature (°C) 600

Cone Gas Flow (L/Hr) 35

Desolvation Gas Flow (L/Hr) 800

Nebuliser Gas Flow (Bar) 5

Acquisition mass range

Start mass 50

End mass 1200

Experiment Reference Compound Name Leu enk

Survey Scan Time 0.1

Survey Interscan Time 0

Survey Data Format Continuum

Analyser Mode Resolution

High energy ramp

Transfer MS Collision Energy Low (eV) 15

Transfer MS Collision Energy High (eV) 55

ESI Positive

Polarity ES+

Capillary (kV) 3.1

Source Temperature (°C) 130

Sampling Cone 35

Source Offset 35

Source Gas Flow (mL/min) 0

Desolvation Temperature (°C) 600

Cone Gas Flow (L/Hr) 35

Desolvation Gas Flow (L/Hr) 800

Nebuliser Gas Flow (Bar) 5

Acquisition mass range

Start mass 50

End mass 1200

Experiment Reference Compound Name Leu enk

Survey Scan Time 0.1

Survey Interscan Time 0

Survey Data Format Continuum

Analyser Mode Resolution

High energy ramp

Transfer MS Collision Energy Low (eV) 15

Transfer MS Collision Energy High (eV) 55

• ESI positive and negative modes were run

• Tof MS detector

• MS/MS approach using high and low collision 
energies– MS E

• Ion mobility pre-fragmentation = High Definition 
MS
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Metabolomics experimental workflow

6 QCs

10 samples 
(randomised order)

1 QC

10 samples 
(randomised order)

1 QC

Clean sample cone

Required to condition 
the column 

ESI 
+

ESI -

3 QCs

10 samples 
(randomised 

order)

1 QC

10 samples 
(randomised 

order)

1 QC

QC samples: Pool of all of the honeys that are being analysed
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Software solutions used 

 Algorithm for data alignment, peak 

picking and peak deconvolution

 Plethora of other tools including peak 

ID, simple univariate and 

multivariate statistics

 EZinfo - option for more sophisticated 

multivariate stats, many “modelling” 

options as built into SIMCA

 To reverse search, i.e. 

check raw data (XIC’s) 
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ESI Negative Results
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HDMSE (ESI Negative)

 Manuka  Buckwheat

 Rape  Heather

High energy
CE ramp

Low 
energy
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HDMSE (ESI Negative)

Pool Honey
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Untargeted Metabolomics

LC-MSE

iClass

Xevo G3

Waters conect

Fragment Ion Library Plugins
METLIN
NIST

Metabolic Profiling CCS

Progenesis Metascope (SDF)
HMDB

ChemSpider
Other

EZ Info

Pathway Analysis

IGA - IMPaLA

Theoretical 
Fragmentation
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The Progenesis range

 For discovery ‘Omics analysis of LC-MS data

 QI: small molecules

 QI for proteomics: large molecules (proteins)

 Quantify and Identify
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Progenesis – Similar, easy to follow workflows 

Alignment

Peak Detection

Identification

Protein

Quantitation

Statistics

M
e
ta

b
o

lo
m

ic
s
/

L
ip

id
o
m

ic
s

P
r
o

te
o

m
ic

s

Peptide

Quantitation

Alignment

Peak Detection

Compound

Quantification

Identification

Statistics

Deconvolution

Pathway 

Analysis
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PCA Plots (unsupervised)

Heather

Rape

BuckwheatManuka

Pooled QC

Manuka

Rape

Buckwheat

Heather
Pooled QC

Remove masses >30% RSD 

between sample 

replicates

Buckwheat
Heather
Manuka
Pool
Rape
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OPLS-DA scores plot (Pareto scaled) 

Variation not directly 
related to response is 

filtered out
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Pareto loadings plot
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Searching for Manuka markers – other strategies: S-Plot

Manuka markers

Heather markers

C
o
n
fi
d
e
n
c
e

Importance



42©2022 Waters Corporation COMPANY CONFIDENTIAL

Searching for unique markers

 Experimental design: comparison of different floral origins against all others

 Filtered masses on P value <0.0001 and mean abundance >5 fold

 Applied HMDB database (contains accurate mass MS data) to remaining masses 

for first stage annotation (identification)

 Also used Metlin (https://metlin.scripps.edu/index.php) and MassBank databases 

(http://www.massbank.jp/) to annotate masses of interest. 
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Website-based Food Databases

 Human Metabolome Database

 FooDB (http://www.foodb.ca/) is a food component database
– Will eventually provide information on over 28,000 food components and food additives, 

including many of the constituents that give foods their flavour, colour, taste, texture, and 
aroma

 Phenol Explorer (http://phenol-explorer.eu/) 
– Contains values for 500 dietary polyphenols and their known human metabolites in 

over 400 foods

 Nutritional Epidemiology (PhenoMeNep) 
– Upcoming database, called PhytoHUB, will contain a comprehensive inventory of dietary phytochemicals and their 

human metabolites, using structures obtained from both previous publications and in silico predictions

http://www.hmdb.ca/
http://www.foodb.ca/
http://phenol-explorer.eu/
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Confirmation Leptosperin

 Using targeted metabolomics 

– UPLC-MS/MS system : Waters Xevo TQ-S

S15-091831

Time
1.00 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 1.55 1.60 1.65 1.70 1.75 1.80 1.85 1.90 1.95 2.00 2.05 2.10 2.15 2.20 2.25 2.30 2.35 2.40 2.45 2.50

%

0

100

1.00 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 1.55 1.60 1.65 1.70 1.75 1.80 1.85 1.90 1.95 2.00 2.05 2.10 2.15 2.20 2.25 2.30 2.35 2.40 2.45 2.50

%

0

100

job_lepto_17082015_a_011 MRM of 5 Channels ES- 
581.35 > 323.17 (leptosperin)

4.58e6

1.57

1.85

job_lepto_17082015_a_011 MRM of 5 Channels ES- 
581.35 > 211.14 (leptosperin)

6.16e6

1.57

QC + 0.1

Time
1.00 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 1.55 1.60 1.65 1.70 1.75 1.80 1.85 1.90 1.95 2.00 2.05 2.10 2.15 2.20 2.25 2.30 2.35 2.40 2.45 2.50

%

0

100

1.00 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 1.55 1.60 1.65 1.70 1.75 1.80 1.85 1.90 1.95 2.00 2.05 2.10 2.15 2.20 2.25 2.30 2.35 2.40 2.45 2.50

%

0

100

job_lepto_17082015_a_006 MRM of 5 Channels ES- 
581.35 > 323.17 (leptosperin)

1.36e7

1.57

job_lepto_17082015_a_006 MRM of 5 Channels ES- 
581.35 > 211.14 (leptosperin)

1.92e7

1.57

581.1>323.2

581.1>211.1

Analytical standard, RT: 1.6 mins, Ion ratio: 0.72

Manuka honey sample, RT: 1.6 mins, Ion ratio: 0.69

581.1>323.2

581.1>211.1

BLK 

Time
1.00 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 1.55 1.60 1.65 1.70 1.75 1.80 1.85 1.90 1.95 2.00 2.05 2.10 2.15 2.20 2.25 2.30 2.35 2.40 2.45 2.50
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