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= Food Fraud / Adulteration Introduction

= Vanilla Authenticity
= Belgian Butter (PDO)
= QOlive OiIl
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Introduction to food fraud WowTer S

= A food safety incident is typically an unintentional act with unintentional harm
— e.g. German E. coli O104:H4 outbreak in 2011

= A food defence incident is an intentional act with intentional harm
— e.g. Punjab sweet poisoning with chlorfenapyr in 2016

= Food fraud is most commonly referred to as the intentional defrauding of food
and food ingredients for economic gain

" Food fraud encompasses the terms:

- Food authenticity; ensuring that food offered for sale or sold is of the nature, substance
and quality expected by the purchaser

— Economically motivated adulteration (EMA); intentional substitution or addition of a
substance in a product for the purpose of increasing the apparent value of the product or
reducing the cost of its production
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Food Products at Risk for Food Fraud reVaters
= Meat
= Milk
= Qlive oil

= Fish / Seafood

= Qrganic foods

= Cereals, grains and rice
= Honey and maple syrup
= Coffee and tea

= Select herbs and spices
= Wine

= Fruit juices
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THE SCIENCE OF WHAT'S POSSIBLE."

Mass Spectrometric Profiling

Traditional
« Simple, sample preparation
« GC-MS

« LC-MS, LC-MS/MS
 Few thousand components in 5-30 min

Direct

“y
~ﬁ»§){,% * No sample prepared B
S . Format|or_1 of sample originated
i gaseous ions

Gas-phase ions  « Spatially well defined
 Few hundred components in 1-5 sec

i

Sample
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Direct MS for flexible & rapid screening __Waters

Sample preparation Determination

v'"No requiremer)t for v'"No chromatographic step
sample extraction v'/Ambient ionisation

: Results In
Data analysis
(2s) near-real

time

v" Point-of-control analysis

©2019 Waters Corporation




‘ il
Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Vanilla Authenticity Testing
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ASAP - how does it Work? THESEIEN:%?M.[E!PSDSSIBLEF

Heated N, desolvation gas

Vaporisation step

HHO)M o N

Corona discharge
induced ionisation

MS inlet

Sample loaded onto

Licensed from M&M Mass Spec Consulting melting point capillary
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Va n i I Ia EXt ra Ct THE Stlﬁgutg!IESSIBLEF

Vanilla Bean

Vanilla Orchid
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ASAP: Sample Loading Procedures wuNaters

<5
seconds
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Vanilla Flavor Related Compounds

Waters
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Ingredient Authenticity m
- Food and Beverage Products Waters

THE SCIENCE OF WHAT'S POSSIBLE."
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Ingredient Authenticity Waters .

- FOOd and Beverage PrOd UCtS THE SCIENCE OF WHAT'S POSSIBLE."

S ——

2a, French vanilla coffee

Vanillic acid 169 100 195
Caffeine 195
Ethyl illi 167 -

yivaniin 6 Vanillin

Vanillin 153

%

153

Ethyl vanillin

167

2b, Irish cream coffee
100

Ethyl vanillin

167

175

0 ; ; ; ‘ ; ‘ — : ‘ : ‘ ; -
145 150 155 160 165 170 175 180 185 190 195 200 miz
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Coumarin Screening eNaters

O C

Gives Imitation Vanilla
a better taste
i

Coumarin
m/z = 147
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Product lon Spectra of Coumarin HE SCIENCE OF WHATS POSSIBLE"
Coumarin standard (2 mg/Kg) Fragments of 147 AP+
100 91 3.39e5

%

65 77

0
Wafer cookie (blank, un-spiked)
100 « . 3.39e5
= = X10 rrlagnified
[ |
. 67 79 91 105 119
100 Coumarin spiked wafer cookie (2 mg/Kg) 3.39e5
91
;S
103
65 7 147
0 m/z
40 60 80 100 120 140 160

©2019 Waters Corporation 15



REIMS

Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Rapid Evaporative lonization Mass Spectrometry

Sample Inlet Tube

©2019 Waters Corporation

iKnife

Flexible tubing

up to 3m in

length, allowing

treedom of

movement around

the laboratary

=
HE

ETEPIWAVE

StepWave™ lon Guide ‘—'.———

—

- [ Transfer ICapilLaru

Venturi Device

Tool-free access to key compenents
without breaking vacuum

V

are actively removed,

50 the MS stays clean
for langer

Potential contaminants :|
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R E I M S Wo rkfl OW THE SEIEm:wgu-ll;g!PSDSSIBLE:"

Model training &
validation

I

Real time recognition

. ey
i

. yma Al
3 : . s
. - ¢ i W
r 7 ."I /M — R
i ::_‘ “_" { g ;
p— =| o X / ™ "
= ’” L4 wa
= s ® o
=S /= : , ;
et e A . . - 3
- . 5

Biomarker discovery
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REIMS = HOW does it Work? THEsclls\NQ/ugutg!gssmLE.’"

Nﬁ
Q""«\Tothe atmospheric inlet of a
mass spectrometer

- = REIMS (& LA-REIMS)
£ « No Voltage required, aerosol droplets formed
o~ from tissue disintegration.

« Small droplets with unequal distribution of anions
and cations

» Accelerated onto Hot (900°C) coil (abrupt heat)

+ Rapid desolvation forms gaseous ions in the first
stage pumping region
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lonisation Method Waters

THE SCIENCE OF WHAT'S POSSIBLE."

= An atmospheric sampling technique
— Uses rapid heating to evaporate the sample

o Joule heating ;),. ﬁp‘

o Contact heating

9

o Radiative heating
o IRLASER

)

3

/

<
o 49
= Sample the aerosol produced a) 32
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Product authenticity
Belgian butter — PDO status (1996)
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Fatty acids Tof MS neg ion o

250-300 m/z region

100+

W Palmitic acid
25225';3258 C16H32C)2

" /\/\/‘\/\f\/\/\iw

Waters

H OIeiC aCId THE SCIENCE OF WHAT'S PDSSIBLE."
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Saturated fatty acid in cow’s milk v Wﬂlﬁf e

Myristic aCid 2257'.1125;547 ;.* 2 @ TOF MS ES-

543e3

100+
OH 147 728~2 [y
=]
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N W Flora
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HMDB 00806: Myristic acid is a saturated 14-carbon fatty acid occurring in most animal and vegetable fats,

particularly butterfat and coconut, palm, and nutmeg oils
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OPLS-DA Scores Plot Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Scores Comp[1] vs. Comp[2] vs. Comp[3]. colored by Condition

- Bueme d'Anrdenne_ 1
- Bueme dAnrdenne 3
- Bueme d-Ardenne_ 2
- Commercial butter_ 1
- Margarine (Flora)

- Spanish olive oil

Ellipse: Hotelling T2 (0.95)
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S-Plot Selective markers

S-Plot (Belgian butter = -1, Industrial butter = 1)

Belgian butter

0.6

0.4

0.2

p(com)[1] (Correlation)
<)
o

e
. "
Commercial butter f’zﬁ g3

-0.58 -0.56 -0.54 -0.52 -0.50 -0.48 -0.46 -0.44 -0.42 -0.40 -0.38 -0.36 -0.34 -0.32 -0.30 -0.28 -0.26 -0.24 -0.22 -0.20 -0.18 -0.16 -0.14 -0.12 -0.10 -0.08 -0.06 -0.04 -0.02 0.00 0.02 0.04 0.06 0.08 0.10 0.12

p[1] (Loadinas)
EZInfo controlled by Progenesis QI 3 - Belgian butter.usp (M14: OPLS-DA) - 2015-10-12 16:06:29 (UTC+0)
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S-Plot Selective markers Waters -

THE SCIENCE OF WHAT'S POSSIBLE."

S-Plot (Margarine (Flora) = -1, Spanish olive oil = 1)

Spanish Olive Qil

1.0 T . ..,1.:.- _::-.-._ . .
o syt . . :
-.* &-- -. - - o
0.6 , =T . 5
T ]
I..‘; --- .
Y e
§ -0.0 r
£ Margarine (Flora) J
Flora

-0.30 -0.28 -0.26 -0.24 -0.22 -0.20 -0.18 -0.16 -0.14 -0.12 -0.10 -0.08 -0.06 -0.04 -0.02 0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22 0.24

p[1] (Loadinas)
EZInfo controlled by Progenesis QI 3 - Oil and butter.usp (M6: OPLS-DA) - 2015-10-13 17:23:22 (UTC+0)
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Real time model builder software m

PCA & LDA Space THE SEIEM:%E]W-[J?!PSDSSIBLE:"
!,”f“_g aaaaa PCA Model

4 different Belgian
. butter samples

E-E

LDA Model ‘
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Laser REIMS
Olive Oil
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REIMS Using Lasers or LA-REIMS Wclfers

OPO Co,

" |R Laser used to vaporise Sample
— Similar spectral response as D-REIMS
— Currently
o CO, (A =10.6 um)
o OPO(A=2-3um)
* Higher Performance

— Advantages

Absorption (1/m]
2333438333

o Non conductive samples
o Minimal Damage
o Non Contact

* Reduced Contamination

©2019 Waters Corporation 28
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LA-RE I M S Wo rkfl OW THE Stlﬁgutg!IESSIBLEF

Three regional IGP/DOP EVOO samples

8 x 5 uL spots on microscope slides

Analysed using LA-REIMS platform (5 s per spot) >

Data processing using LivelD and analysis with
PLS-DA and Random Forest

©2019 Waters Corporation 29



LA-REIMS for IGP / DOP EVOO traceability wuNaters

SHSAME Olive olive authenticity
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PLS-DA and Random Forest Modelling Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Scores Plot
8 SESAME Normallzled confusmln matrix . ”
® TERRADI
® TOSCANO
VALDI 0.9
8 SESAME
3 0.8
oS
L ] L 1 o) 0.7
B ® 3 TERRADI 0.6
g 2
3 ©
= = =
2 ° =
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g [ ]
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]
2 4 " : ° {0.2
@
VALDI 161
= = = — 0.0
2 2 Z 2
s J [V o (8] <>C
B 3 Z g
I T T I =
-100 50 0 50 Predicted lahel

Component 1 ( 13.6 %)

©2019 Waters Corporation 31



Waters

EEEEEEEEEEEEEEEE 'S POSSIBLE."

At-Line Determination of
Boar Taint Contaminated Carcasses
Prof Lynn Vanhaecke

GHENT
UNIVERSITY
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What is boar taint? THE SI:IEI“IC%?N-IF:E!PSDSSIBLE?

ﬂ
i &L(

Androstenone Urinary-Sweaty odour
CH3
oy L

Skatole Indole

Fecal odour
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Fast detection of boar taint

Sensory approaches

Soldering iron method

&« Applicable at slaughter line

& Holistic detection of boar
taint

& Inter-individual variation

&« Habituation & fatigue

©2019 Waters Corporation
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Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Analvytical approaches

Sensor technology

Fast GC-MS

MS based electronic nose
RAMAN spectroscopy

& Accurate

& Sensitivity & specificity?
€ |[ack testing & validation
&« Speed

=> Applicability at slaughter line?

34



Mass spectral profiles Waters

1 ™
Fa.tty.aC|dS THE SCIENCE OF WHAT'S POSSIBLE.
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REIMS boar taint LivelD model (scale-up) __Waters

& Build & Parameters Analyse model 2D Scores plot

Boar taint combined

et el st ol ing parametars, o sessst the Sefaut, then b ye s medel 3D visualisation 2D visualisation and loadings Single component loadings
our model currently contsins 3 classes with o total of 854 speotra.
Maod el transform: PCA+LDA -
[]
Discriminants: 1 - 2 -
PCA Companents 250 Boar taint combined
- ® Boar taint positive
* = - ® Boar taint negative
inear Discriminants ,e
Linear D s 2 a -ty -3 o QC blank
2 - rBae ~ -
% -
-
- Standard Daviation () Quartie
cuerty (@ Stmwa povetan ) Qv )
Outiier Threshoid (Std Dev) 15 - Validation report
= . Description : PCA dimensions 250
g Created © 8/10/2017, 11:18:01 AM
Binning Resolution 0.1 Model details
24p. -z Name - Boar taint combined

Type : PCA-LDA

Mass Range: Stat 200
Outlier threshold 15 (standard deviations)

20 —a -

PCA components 250 -f- f I - - I -
Lon ascrminants 2 Stratified 5 fold in silico

Mass Range: End 1000
Mass range - 200 - 1000 (M/z)

. T e T . 01 ma validation

_— Validation parameters

Validation type - 51oid
. = 1 H Results summary
Boar talnt Comblned PCA 250 dImenSIonS/ spel:tra Passes Failures Outliers Correctness score
LDA 2 dimensions — ors ot e o —
2 customer sample sefs Confusion matrix
Boar taint positive Boar taint negative QC blank Qutlier Total
Gk B oar taint posiive @ Boar taint negative Qc biank HeapRintEEvE 282 28 2 e 408
Boar taint negative 32 365 3 0 400
QC blank 2 3 163 0 168
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Independent validation with characterised
samples from an alternative source

= Recognition - Raw Data Playback

Waters

THE SCIENCE OF WHAT'S POSSIBLE."

= Recognition - Raw Data Playbac ~~ erned @
R Raw Data Playback : ) = Q
® (@) @ —_
® oo @ o
® (@) ] @ B
® © [ B N
i N (o)} Q
- Q " Positive sensory >odour N
o ) threshold via GC-MS
° o
. (0¢] o ‘Positive sensory >odour
o 8 P ORI 5. 66620020, threshold via GC-MS
A Sopped
Positive sensory analysis oz \)
<odour threshold GC-MS °- o
o =
o- N
' w
o

GC-MS & sensory negative

©2019 Waters Corporation
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EU requirements for fast detection method m

at s I a u g hte r I i n e THE SEIENZWE?N-IFZE!PSDSSIBLE?

« High throughput (600 carcasses/hour)

&« Highy accuracy = no false negatives!

& (Cost efficiency
« Simplicity

& Possibility for automation
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Detection of boar taint at-line — in the m

a batto i r THE SEIﬁgﬂtngSDSSIBLEF
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How can REIMS help the food industry? wuNaters
= Speciality products = Speciation
= Ensuring the authenticity of protected = Verification of fish and meat species
status products (PDO, PGl, TSG) identity
" e.g. Buerre d’'Ardenne; Mortadella di Bologna; = e.g. raw product to highly processed foods,

Bronte pistachio nuts; Parmigiano-Reggiano;
botanic oriain of honey...

canned meat/fish, gelatine, stocks

= Quality, composition & safety

. .
Production methods = Carcass consistency & quality

- i ion?
" Organic vs. conventional production’ " Grading of raw product prior to processing

= Capture method (fine vs. trawl caught fish) ®  Product extension, offal in processed products

= Dietary regime and husbandw (grass fed vs.

® Product spoilage indicators
industrial feed) .,,_ poilag ﬁ:

&
TR

- Food pathogens

©2019 Waters Corporation 40
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m
S u m m a ry & fUtu re p rOS peCts THE sclls\N{E/uE]w-ll-:g!gssmLEf"

— MS allows holistic profiling for quality & manufacturing process control

— Detection of the “unexpected” for authenticity

— Potential to identify & verify unique product markers

— Direct analysis techniques can generate results in seconds

— Simplicity of operation & potential for automation

— Point-of-control analysis... bringing the analysis to the sample
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= Prof Chris Elliott, Dr Olivier Chevallier, Connor Black (Queens
University, Belfast, UK)

= Dr Giorgio Fedrizzi (Istituto Zooprofilattico della Lombardia e
Emilia Romagna, Bologna, Italy)

= Prof Lynn Van Haecke, Kaat Verplanken (University of Ghent,
Belgium)

= Prof Luigi Modello, Dr Francesca Rigano, (University of Messina,
Sicily, Italy)

= Matthew Sharman, (FERA Science Ltd., York, UK)

= Waters Corporation

— Kari Organtini, Sara Stead, Lauren Mullen, Renata Jandova , Steve Lai, Gareth
Cleland
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Thank You Waters

THE SCIENCE OF WHAT'S POSSIBLE."
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