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Our customer value proposition
. -

Technology
based
partnership

Digital science
capabilities

Production
optimization

R&D
outsourcing

Companion
diagnostics
development

Laboratory
flow and
efficiency

Supply chain
management

We help our customers accelerate
Innovation and enhance productivity,
underpinned by quality.

Customer

Exclusive
tools and
applications

Clinical trial
& manufacturing
services

Compliance
to defined
standards

Outsourced
enterprise
services

Assurance

of supply quality
and resilience

ThermoFisher
SCIENTIFIC



Unigue scale and depth of capabilities

nable our customers
orking in...

Healthcare Life Sciences Applied Markets Pharma and Biotech

Clinical Diagnostics Mass Spectrometry Chemical Analysis Bioproduction
Immunodiagnostics Electron Microscopy Chromatography API
Microbiology Molecular & Cellular Biology Electron Microscopy Formulation
Transplant Diagnostics Genetic Sciences Next-Generation Sequencing Clinical Trials
Healthcare Supplies Channel Clinical & Next-Generation Sequencing Manufacturing
Global Logistics, Labeling

Laboratory Equipment, Chemicals and Scientific Supplies Channel

Enterprise-Wide Services and Digital Science Solutions
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Innovating Sustainable Solutions from Design to Disposal

O pr ) j Responsible Sourcing

Product Ideation Employing . Increasing materials efficiency and minimizin
- ; reasi rials effici inimizi
=  green chemistry and green [ hazardoug chemicals 4 9

engineering

7y Product Life Cycle
L‘,) Taking back, refurbishing, and
recycling products and
packaging

@ Eco-Minded Manufacturing

Pursuing energy, water, and materials
efficiencies

Lower-Impact Packaging and
Shipping

Reducing our carbon footprint through
redesigned and minimal packaging

Using Greener

}?
Products

/ Designing products with the
environment in mind

thermofisher.com/sustainability

Environmental Sustainability: One Continuous Pursuit
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Food Fraud

* Food fraud is the act of purposely altering, misrepresenting,
mislabeling, substituting or tampering with any food product at
any point along the farm—to—table food supply—chain.
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* Fraud can occur in the raw material, in an ingredient, in the final
product or in the food’s packaging

http://www.myfoodtrust.com/2018/02/12/food-fraud-whats-really-in-your-food/




Food Risks

Intentional

Economically driven .
Adulteration

Motivation is ‘GAIN’

Ideologically driven
Motivation is ‘'HARM’

Unintentional /
Accidental Adulteration

Science based
Food borne illness

https:/iwww.mygfsi.com/files/Technical_Documents/Food_Fraud_Position_Paper.pdf




Evolution Food Fraud in Europe
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https://www.focos-food.com/the-evolution-of-food-fraud-in-europe/



https://www.focos-food.com/the-evolution-of-food-fraud-in-europe/

Why Care About Food Authenticity and Fraud?

Foods prone to fraud USP
* In 2014 the Grocery Manufacturers ' . FOOD FRAUD

Association (GMA) estimated that fraud cost S
the global food industry $10-$15 billion a
year, (economic losses) with 10% of all
commercially sold food products affected!2

40% of oregano tested was Nove |00t | Mo " p
adulterated - Forbrugerradet Taenk [AU=AVA MAGAZINE
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* Fraud resulting in a food safety or public health . mm
. . e . . i, ve oil, mi o1 1Y
risk event could have significant financial or public and apple and ora h Horsemeat .
_ _ reported to have b ,, : eat scandal: How often does food
relations consequences for the food industry or I - fraud happen?
compan substitute o EBEYCT'iTs(lifar_izsf:"a and Brian Wheeler
p y # Or cheap alternati i
luxury ingredient
* Food fraud can tarnish the reputation of the Rp—
food manufacturer or contract testing broakdast coromts &
|ab0rat0 ry Source: Global study in Journal of Food

Science

1 GMA, Consumer Product Fraud, Deterrence and Detection, 2010, http://www.gmaonline.org/downloads/wygwam/consumerproductfraud.pdf
2 A. Kircher, NCFPD, Tools for Protecting the Nations Food Supply, June 5, 2012.
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http://www.gmaonline.org/downloads/wygwam/consumerproductfraud.pdf

Why Care About Food Authenticity and Fraud?

= EUR—POL ABOUT ACTIVITIES & CRIME AREAS &  PARTNERS & CAREERS &
_ - - EUROPOL SERVICES TRENDS AGREEMENTS PROCUREMENT

EU records significant jump in cross-

/ED FROM CONS

border food fraud cases in 2018 FRAUD ON A PLATE: OVER 3 600 TONNES OF
Time. Wi

MER MARKET Autd

2 nhuts and almonds in hazelnut products imported to

S sufferers. When 1 300 kg of roasted chopped f-removed-consumer-market
; uts. In 200 kg of hazelnut paste, up to 45% of mixed

| monds could be determined. Due to the fact that these

z potential health risk for allergy sufferers was given

B seized-in-global-opson-operation-targeting-food-fraud I

https:/A ©Getty/bajker histamine

https://www.foodnavigator.com/Article/2019/04/15/EU-records-significant-jump-in-cross-border-food-fraud-cases-in-2018
Food fraud Tuna. fipronil

The number of cases reported to the EU Food Fraud Network rose significantly
last year. Requests from one European country to cooperate with others on food
fraud cases rose to 234 in 2018, compared to 178 in 2017 and 157 in 2016,

according to its annual report.
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hewsroom/news/150-000-litres-of-fake-extra-virgin-olive-oil-seized-%E2%80%98well-oiled % E2%80%99-gang |



https://www.rtl.fr/actu/justice-faits-divers/fraude-780-tonnes-de-faux-steak-distribuees-aux-demunis-7797787167/amp
https://www.europol.europa.eu/newsroom/news/fraud-plate-over-3-600-tonnes-of-dangerous-food-removed-consumer-market
https://www.europol.europa.eu/newsroom/news/150-000-litres-of-fake-extra-virgin-olive-oil-seized-%E2%80%98well-oiled%E2%80%99-gang
https://www.europol.europa.eu/newsroom/news/eur-230-million-worth-of-fake-food-and-beverages-seized-in-global-opson-operation-targeting-food-fraud

High profile food and beverage scandals
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Olive oil Industrial oil dena | deaths reported in Spain
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Orange juice Beet sugar syrup, m Wi, arm'wom m”. i wmaecuhans of j

Wine - Austria Ethylene glycol

juice suppliers

Sudan and other il

Chili spices - Asia processed foods | est supermarket recall ever in UK costing £millions
Milk powder - China Melamine & cyanu .::" . | 000 victims, 6 infant deaths & 4,000 babies hospitalized
Animal feed - Ireland Adulteration of pig " ' ; & | _{f" \i NeE g ..}" '35 and dioxins in pork — Estimated €200 million financial losses
Animal feed - Germany Aduteration of fEEd:E._.- N D i/ b 57 w\f 5 " and dioxins in meat — restrictions on 5000 farms

Phihalates (DEHP) | 7 B

Sports & tea drinks - Taiwan \‘ ;«'f-.‘ th effects unknown but exposure above TDI for up fo 15 years

to replace palm oil

Meat & meat products - Europe ~ Horse meat J|e scale food recalls, RASHF alerts and prosecutions of processors

THB:SEGOND EDITIQM 7 o ,-";..'- gerous to allergen suffers but no individuals identified

By ﬁﬁnnmcx ACCUM,
*.?: B

Cumin spice — India, Turkey Ground peanut & ".-‘r ; '
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The top 10 product categories (number of requests) in the AAC-FF in 2018

a1

29

17

12
10 9
8 8
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[ Fish and fish products
(=] Meat and meat products (other than poultry)

. B Fats and oils

I Alcohol beverages

* M Dietetic foods, food supplements, fortified foods

Herbs and spices

Other food product / mixed
B Animal by-products
54 Honey and royal jelly

B Fruts and vegetables

https://ec.europa.eu/food/sites/food/files/safety/docs/food-fraud _network_activity report 2018.pdf
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https://ec.europa.eu/food/sites/food/files/safety/docs/food-fraud_network_activity_report_2018.pdf

How Can a Business Protect Itself Against Food Fraud?

Food Fraud Management System

Continuous process:

] ] ¢ Implement z S37:1:11
* Evaluation to characterize food fraud glg . | mitigation
R Q" = . strategy
vulnerabilities g
<
* Design & review of a mitigation strate : | > p—
¥ 3 = Determine if . ¢ Vulner-  Changes -
draft mitigation abilities 'gpait!l'?g
) ) strategy ~ characteri- gumorn st' ites
* Implementation & testing ‘.._acceptablo_,  >2hon ,°irns,§'|ac°;" 4
* Regular review & update, particularly as %,
changes are introduced, e.g. new supplier \
| Draft of
mitigation
strategy

from U.S. Pharmacopeia Appendix XVII: Food Fraud Mitigation Guidance

Excerpt from: https://www.nestle.com/asset-library/documents/library/documents/suppliers/food-fraud-prevention.pdf

ThermoFisher
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Vulnerability Assessment

: : \
* Know your materials & risks 5"-'5

* Know your suppliers

* Know your supply chain

* Know your existing control measures

I‘

If the price of a valuable food seems too
good to be true it probably is!

Excerpt from: https://www.nestle.com/asset-library/documents/library/documents/suppliers/food-fraud-prevention.pdf

14



Mitigation Against Food Fraud

Adequate mitigation measures alleviate vulnerability to food fraud

* Raw material specifications
Inharent vulnerabilitias

Raw matenal  Pastand potential

» Supplier relationship ™ | o
. . Business pressure
¢ Supp“er aUdIt Market price Market price Your control and mitigation
fluctuation measuras
i e f Traceabil
. . .. . Raw matanal demand/ raceability
* Supply chain transparency and simplification ol pe ] varifications

Adequacy of  Ayailability of
raw matarial methods
specifications

-y

* Analytical surveillance UULHE“AerPrAs:ESSEL-

* Alert system

Excerpt from: https://www.nestle.com/asset-library/documents/library/documents/suppliers/food-fraud-prevention.pdf

ThermoFisher
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What is Food Authenticity Testing?




Choosing the right analytical strategy to reduce the food fraud risk

E{Iitr?tn;gei t Visual and/or organoleptic verification of
product labels, container, content

Adulteration = Chemical or biomolecular composition:

=== Enhancement . omatography, spectroscopy, DNA
Analytical | Dilution orofile
Substitution
Strategy for
Food Integrity
Geographical origin —~ Stable isotope analysis, trace
Production method element profile

17 ThermoFisher



Food solutions: Comprehensive solutions to protect our food supply

lon
Chromatography

Maintain Safety
Standards

Detect
Contamination Confirm

Authenticity

Molecular Spectroscopy Liquid

- Chromatography Determine
m Purity

Next Generation Sequencing and
RTPCR Molecular Analysis

Chromatography

Isotopic and Elemental Analysis

Ensure

- I
o T B

Helping our customers to deliver healthier and safer food products
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Chemical fingerprints
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and identify the isotope fingerprint of a material or /] 4 ‘Q\“g%“a,};%\;\, R (i el
iy 4 product kA e
— 4 RN e
— 3 AN o e TN

= L S : S . ,“‘7' \ ‘ﬁ I‘_ .
* IRMS traces carbon, nitrogen, sulfur, oxygen, and ”«‘:Q'fl,‘:?“‘?fi‘.“.:"»_“t;;-w }‘93 W
hydrogen isotopes by detecting their natural variations, 2::{{;:1;7 PO \S
which can reveal the origin and history of samples.




Tracing the geographical origin of coffee by IRMS

- Hydrogen and oxygen isotope fingerprints

» The Coffea species plants, cultivated as the
source of the coffee beans, carry an isotopic
fingerprint associated with local-regional
rainfall

» Differentiation of American, Asian and
African coffee beans (green and roasted)

« [dentification of mislabeled coffee




Whisky authenticity by GC-HRAM

- Study to determine the chemical differences between whisky samples?
» Type of Whisky: Bourbon or Scotch Whisky
» Geographical Origin: USA or Scotland, Highland or Lowland
« Age of Whisky: 10 or 15 year aging

* Approach: A non-targeted (screening) analysis and statistical software tools
(including NIST libraries, deconvolution software, elemental composition and fragment matching software)

a4

<
Bourb
aq % /'3 Jwood aged
h

Single distillery

L2 ]
E a1

K[;:: 15 year
W vt
Pool N 1 ﬁ year

i e ———

=11

ay

'
L Ieh
F 4

Bl ] 0.3
PGl

« Bourbon and 3 wood aged
clearly different from other
whiskies

« Single distillery whiskies also
show clear differences

23




DNA fingerprints

oo )T N A SNSRI )
- # {.",,-/ (‘;E
Ll : | : -
»w + To visualize DNA fingerprints, molecular detection can be used, e.g. S
=~y  real-time PCR (qPCR) and Next Generation Sequencing (NGS) NG
/f {  + DNA fingerprints can provide a unique insight into food integrity ,;;i;»fi};:’fv:—"g}}\};q ),
=~ Investigations around applications of authenticity, adulteration and f,{*’sz,;}_'“:n;;;\ e
.~ mislabeling for brand and consumer protection D P -~
X N :,“{;‘j'/] 'J & o 't\:\.\;ﬁ.;:‘-\'"v‘ -
3 RS —

. - = . - R 2 §5 3 -\‘\':“\' ‘v\:" ':.-‘

- The most common method to verify species substitution and animal e;;“\\};\‘-}‘:,--‘:\Q-\\;-;,;:a::.,

o . . . . . . . . : 1 _ N\ 'k.‘ M Uk Vrvid Ot

= species identification and quantitation is real-time PCR ’f ‘»‘i“:\"i‘;\lﬁ\ T e

- O A g T

*« NGS is a high-throughput methodology that enables rapid sequencing '*»\\;ii,’w\\g'\:::.\::;j;ﬁg'f

of the base pairs in DNA samples. Supporting a broad range of “";:\5;,:}5;:;’*’ s
£ applications, including microbial profiling, food authenticity and et L
traceability, detection of epigenetic changes, and molecular analysis.
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Examples of regulations related to authenticity and adulteration

Area regulated

Adulteration - general
Authenticity - genera
Intentional adulteration
Melamine adulteration
Authorized food colors

Emergency measures for
llegal dyes in imported foods

Food Labeling
Clive oil — vertical regulation
Wine — veriical regulation

Wine vinegar —
vertical regulation

Agricultural products
GM foods
Organic foods

Traceability

Prevention of adulteration

Fraudulent & deceptive practices

Prevent terrorists acts of food adulteration & requires mitigation
Limits of 2.5 ppm in food & 1.0 ppm in infant formula

Prevention of use of ilegal dyes
Provision for import controls of chilll, chilli products, curcuma & palm oil

Prevention of misleading information on food labels
Compositional and labeling standards for olive oils

Organization of agricultural markets including wine
Compositional and labeling standards for wine vinegar

Protected designations of origin Establishes PDO Establishes TSG

| abelled as GM if more than 0.9%
| abeling of organic foods

Traceability must be established at all stages of food production

Regulation 178/2002

FSMA 2011 (US)
Regulation 594/2002
Directive 94/36/EC

Decision 2005/402/EC

Regulation 1169/2011
Regulation 1019/2002
Regulation 1308/2013

Regulation 479/2008

Regulation 607/2009, Regulation 510/2006, Regulation 509/2006
Regulation 1829/2003

Regulation 834/2007

Regulation 178/2002

25



The Food Fraud Iceberg

45 Fish and fish products

B Meat and meat products (other than poultry)

B Fats and oils
Alcohol beverages

B Oictetic foods, food supplements, fortified foods
Herbs and spices
Other food product / mixed

B Animal by-products

|54 Honey and royal jelly

B Fruts and vegetables

al

29
17
12
10 9
8 8
I I |
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Horse dressed like a beef...




Top Foods & Ingredients for Fraud

[ e A

1 in 5 Seafood Samples Mislabeled Worldwide, Finds New

Oceana Report
Oceana Calls on President Obama to Track All Seafood from Boat to Plate as Ocean Leaders Prepare to
Gather in DC for Our Ocean Conference

Press Release Date
Wednesday, September 7, 2016

Location: Washington

07 ThermoFisher
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Seafood Fraud was Investigated in 55 Countries

Minety-sight percent

of the &9 bluefin tuna
dishes tested in Brussels
restaurants were actually
another fish.

A student project at a
university in Chicage
identified 146 mislabeled
samples out of 52—
mostly cheaper fish
misrepresented as more
expensive ones.

Iri the United Kingdom, a
consumer watchdog group
discovered a number of
cases inwhich haddock
were being sold as more
expensive cod, and whiting
were being sold as more
expensive haddock.

A 2015 German study
found about half of the
samples sold as “sole”
to be lower-value fish
upon testing.

Due to its high price and the
difficulty in identifying its
source, caviar is especially
susceptible to fraud. Of 27
caviar samples tested from a
variety of vendors around the

Ina 2014 study, lower-value
South African hake was
revealed to have been sold as
higher-value European hake

A Santa Monica restaurant
and two sushi chefs were

In Brazil, 55 percent of
"shark” samples tested were

charged for selling whale
meat, including meat from
the endangered sei whale.
The restaurant, which has
since closed, had labeled
the whale as fatty tuna

to hide its true identity
when it was shipped to the
restaurant in order to sell
whale sushi.

actually largetooth sawfish,
a species considered by

the IUCH to be critically
endangered and for which
trade is prohibited in Brazil.

in Spain.

Researchers in Italy found
that B2 percent of the 200
grouper, perch and swordfish
samples they tested were
mislabeled, and almost half of
those mislabeled species are
considered threatened with
extinction by the IUCH.

Black Sea and the Danube River,
10 were identified as something
other than what the label
claimed. Three of the "caviar”
samples tested contained no
animal DMA at all. It is unknown
what exactly these counterfeit
caviar samples were made of.

file:/l/C:/Users/epscshs/Downloads/https__usa.oceana.org_sites_default_files_global_fraud_report_final_low-res.pdf



Food Fraud: Fish

: % y - A
~ GUIA DE LOS PRINCIPALES PESCADOS, MOLUSCOS Y CRUSTACEOS

3 COMERCIALIZADOS EN LA COMUNIDAD DE MADRID
Identificacion, diferenciacion y tallas minimas

http://www.comunidad.madrid/servicios/salud/fraude-alimentario

ThermoFisher

29 SCIENTIFIC


http://www.comunidad.madrid/servicios/salud/fraude-alimentario

Food Fraud: Fish

'THE COST OF SEAFOOD FRAUD A ~ — f—

Example Price Differences for Commonly Swapped Specles (8 oz fiets)

AT THE GROCERY STORE IN A RESTAURANT

https://www.foodsafetynews.com/2013/08/americans-are-getting-ripped-off-by-fish-fraud-oceana-study-finds/

IF YOU MEAN TO BUY:

GROUPER

.,pv
—

YOU LOSE: $4.01

IF YOU MEAN TO BUY:

GHOUPEH $27.00

YOU LOSE: $12.00

IF YOU MEAN TO BUY:

‘H I
BUT YOU GET:

Mgl: FARMED $3.99

YOU LOSE: $3.51

IF YOU MEAN TO BUY:
HINDO

C RRHED $20.70
SALMON

YOU LOSE: $5.60

—

OCEANA

“—'

Can You Tell Which One is the
Fraud ?

Red Snapper?

Wild Salmon?

- l,‘.\ ‘.!&‘ .\'\1_', L4

https://www.treehugger.com/green-food/embait-and-switchem-report-reveals-rampant-seafood-fraud.html
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https://www.foodsafetynews.com/2013/08/americans-are-getting-ripped-off-by-fish-fraud-oceana-study-finds/

Analysis of the inherent fish vulnerabilities to adulteration

Fish powder
Block of fillets  Mislabeling

Substitution
Single fillet ~ Mislabeling Dilution
Whole fish Substitution - Fillers
Mislabeling Concealment Concealment
Mislabeling Substitution Dilution - Flavors
- Farm/wild Concealment - Water retention Unapproved enhancement
Substitution - Dyes, preservatives - Proteins

- Species

Food Adulteration: from Vulnerability Assesment to New Analytical Solutions. C Cavin et al. CHIMIA 2016, 70, No. 5. pag 330-332

31



Food Fraud: Meat

French burger fraud is ‘chapter 2’ of
the horsemeat scandal, campaigners
warn

By Katy Askew ('

Lot

Fancy a cc

by ALIW on MAY 12,

e e o [

It seems that last ;

suppliers to supe
results of tests by

you think twice b

pS
-https://www.foodnavigator.com/Article/2019/06/10/French-burger-fraud-is-chapter-2-of-the-horsemeat-scandal-campaigners-warn

32
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https://www.foodnavigator.com/Article/2019/06/10/French-burger-fraud-is-chapter-2-of-the-horsemeat-scandal-campaigners-warn?utm_source=copyright&utm_medium=OnSite&utm_campaign=copyright

Food Fraud: Spices

Food fraud tests reveal 25% of
dried oregano is adulterated

23 Jul 2015 | Andrew Don

[‘_*J Print 24 Email ( Share [Z) Comments (1) [:I Save

SHARE
D oo

Ve
v, RELATED ARTICLES

- Scotland to
=% tackle food fraud
E i3 with dedicated

crime unit

0:41
How much oregano is in your ‘oregano’?

Playing...

Authentic peppercorns Adulterated peppercorns
25% Papaya Seeds

https://www.fdli.org/wp-content/uploads/2017/09/food-ad-food-fraud. pdf

BUSINESS CONSUMER AFFAIRS

Food fraud: Popular oregano brands selling
adulterated products

By Esther Han
¢ Latest consumer news
Updated 7 April 2016 — I

33
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Food Fraud: Saffron

70500

- Don’t overpay for dyed =

50500

onion or marigold -

powder masquerading s
as super - expensive - ‘] I J“]J
Saffro n = 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

MPRODUCCION (kg)  ®Exportaciones (kg)

https://www.agenciasinc.es/Noticias/La-huella-quimica-confirma-el-fraude-del-azafran

34 ThermoFisher
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Food Fraud: Cinnamon

i

‘-

» Unless it says “Ceylon” on the
label, your cinnamon is probably
Cassia; most of the cinnamon sold
In the United States is. Worse still,
your “cinnamon” may actaully be
ground coffee husks.

.

___________

—~

https://www.thedailymeal.com/cook/7-ingredients-arent-what-you-think-slideshow/slide-6

35 SCIENTIFIC



PCR testing is targeted or relies on a subset
of targets

PCR testing is conducted one target at a
time

PCR testing has a higher limit of detection
& less data density




Molecular methods: RT - PCR

. |
Food ang % i
| -
16418 | e Siomts iy
N-n
e ‘a‘\i‘hﬂh\/
A
":’ﬁf'/,j .

imegen

Rapli,w, inder™ [

= . Poultry D kit _,,r** L
% - %?ZZ‘ Gooo RRE
I-w 'ﬁum_,h.___ |
':é:e;: -»mv ::::‘:::"':-M m ‘
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flirlul [ ey, /
imegenagro
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Molecular methods: RT - PCR

DNA extraction : ,
Full workflow solution 8 Rgﬁ S?;:g%'%%gf HETOF L2
High sensitivity ¢ Detection of mitochondrial DNA

¢ Quantification based on DNA standards
e Species DNA/total animal DNA result (%)

Quantitative




Workflow DNA Extraction

3-20 g muesta
10-20 ml Lysis buffer 1
20 pl RNAsa

Incubar 30 min a 65°C

€5 Centrifugar 5 min a 3500 x g

€5 Centrifugar 1 min a 11000 x g (x2) Adiadir 100 ul H,0 2 70°C
385 pl (Muestra + Lysis buffer 1) Afiadir 400 Ul Lyss buffer 2 Afiadir 500 ul Wash buffer 1 Incubar 3 min
Afiadir 25 ul Proteinase K tocubar 10 min 2 70°C. €Eo=> Centrifugar 1 min a 11000 x g
€3 Centrifugar 1 min a 11000 x g

Incubar 60 min a 56°C . Ariadir 600 ul Wash buffer 2
rofmina Afiadir 420 1l etanal
€5 Centrifugar 1 min a 11000 x g (x2)

ThermoFisher
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PCR Mitochondrial DNA

Sensitivity: It is 100 times greater using mitochondrial DNA targets than using
nuclear DNA targets

Mitochondria

E
COXIO ATPase &6

Mitochondrial DNA

ENATPase 8% Il Complex 1 [CJtRHAs
[ Cytochrome b [l Complex 4 Il tRHAs

ThermoFisher
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RapidFinder™ Animal Detection Kits

Product name
GMO Extraction kit A15570
RapidFinder™ Beef ID kit A24391
RapidFinder™ Equine ID kit A15570
RapidFinder™ Pork ID kit A24392
RapidFinder™ Chicken ID kit A24393
RapidFinder™ Turkey ID kit A24394

RapidFinder™ Sheep ID kit A24395
RapidFinder™ Poultry ID kit A24397

RapidFinder™ Ruminant ID kit A24396

RapidFinder ™ Fish ID kit A24398

RapidFinder™ Quant Multi Meat Set WAL E]c)

48 rxn
48 rxn
48 rxn
48 rxn
48 rxn
48 rxn

48 rxn

48 rxn

48 rxn

48 rxn

48 rxn

Part no. |Volume |Species name

Generic for Speciation & GMO
Bos taurus

Equus caballus

Sus scrofa

Gallus gallus

Meleagris gallopavo

Ovis aries

Several avian species, including Gallus gallus (chicken),
Meleagris gallopavo (turkey), Anas platyrhynchos
(duck), Struthio camelus (ostrich), and Anser (goose)
Bos taurus (beef), Ovis aries (sheep), Capra hircus
(goat), Cervus elaphus (red deer), and Capreolus
capreolus (roe deer)

Atlantic Salmon, Angler, Cod, Hake, Halibut, Seabass,
Anchovy, Sole, Dab, Trout, Tiger Shark, European Eel,
Red Bandfish

Optimized for Applied Biosystems® 7500 FAST Real-Time PCR Instrument

‘ More predesigned assays available (Goat, Fallow deer, Milk, Cat, Monkey, Rat...)
and also Custom Assays are possible!
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Specificity

Animal Species used during the specificity
assay for the RapidFinder ™ Chicken ID Kit .

Meat Species Results

Haorse Mot detected

e ot detated o e ] oo 3 P 3 |
n

Cow Not detected

Swing Mot detected P Pp aAaBpEE
Buffalo Mot detected

Fish Not detected Ampiicaiion Pt

Sheep Not detected ]

Goat Not detected - Chicken

Deer Mot detected .
Chicken Detected e
Turkey Mot detected ) 200

Duck Not detected _ v
Ostrich Mot detected o IPC
Goose Not detected e
Human Not detected i

Say Mot detected e 58 F—1 : £ PR
Wheat Not detected ] SR _
-.’Al B McC Wmo e W
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Limit of Detection

Amplification Piot

{ Plot Settings

Plot Type ARnva Cycle »  Grapgh Type Liner »  Color Well - ‘

Results corresponding to the PCR
amplification of samples, which
contain different percentages of
chicken DNA

3 4 6 8 W U % W W N N BN B B B N N B B @ O &« @& @ ®

e
l-l e WC WD WE NF Wmc WmH

Results for PCR limit

1% 0.1% 0.01% 0.001%
10 ng/ul of Chicken/Turkey 100% (11/11) 100% (11/11) 100% (11/11) 100% (11/11)
10 ng/pl of Chicken/Swine 100% (11/11) 100% (11/11) 100% (11/11) 100% (11/11)
Results for PCR limit in processed samples
1% 0.1% 0.01% * Adding a greater amount of DNA
ADN 10 | 0% 00% 5o (6 (200ng/ul is recommended)
no/e 100% (1/10 100% (/1) % O * Increase the PCR cycles at 38-40
ADN 100 ng/l 100% (11/11) 100% (11/11) 91% (10/11) and increase the Ct cut-off.
4 ThermoFisher
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Legislation: e.g. Rumiant DNA detection in feed

COMMISSION REGULATION (EU) No 51/2013
of 16 January 2013

amending Regulation (EC) No 152/2009 as regards the methods of analysis for the determination of
constituents of animal origin for the official control of feed

(Text with EEA relevance)
"ANNEX VI

METHODS OF ANALYSIS FOR THE DETERMINATION OF CONSTITUENTS OF ANIMAL ORIGIN FOR THE
OFFICIAL CONTROL OF FEED

1. PURPOSE AND SCOPE

Tation Of COnsH imal orgin in feed shall be performed by light microscopy or
polymerase chain reaction (PCR) in accordamy with the provisions laid down in this Annex

These two methods make it possible to detect the presence of constituents of animal origin in feed
materials and compound feed. However, they do not make it possible to calculate the amount of such

tonstituents eed materials and compound feed. Both methods have a limit of detection below
0.1% fw/w).

44 ThermoFisher
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RapidFinder™ Ruminant ID Kit

Determining the presence of DNA of ruminant ( Bos taurus, Ovis aries, Capra
hircus, Cervus elaphus and Capreolus capreolus ) in any feed and food.

Master Mix Ruminant INTERPRETATION
Ruminant IPC
- + No ruminant DNA is detected This kit can also detect the
+ + Rumnant DNA is detected presence of DNA in Pro.cessed
Ruminant Animal Protein
- - PCR inhibitors presence in the sample™® (P A P)
+ - Sample with big amount of ruminant DNA

The most important innovation included in the design of this kits are the
IPC system, needed to detect false negative result.
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Legislation/Recommendation: Fraudulent practices in food

RECOMMENDATIONS

COMMISSION RECOMMENDATION
of 27 March 2014

on a second coordinated control plan with a view to establishing the prevalence of fraudulent
practices in the marketing of certain foods

(Text with EEA relevance)
(2014/180/EV)

E. Method
The following protocol should be used:

1. All samples should be submitted to an initial screening test aimed at detecting the presence of horsemeat in meat
jas a ratio of mass fraction wjw) at the level of 0,5 % or above. The choice of screening method is up to the

Member State.

2. Only samples positive to the screening test under para 1 should be subject o a confirmatory test using RT-PCR and
targetigg mitochondral DNA aimed af] detecting the presence of horsemeat in meat (as a ratio of mass fraction
wiw) & the level of 1% or above. The method used for confirmation must be calibrated to a standardised control
s.amﬂi:ll L e LA L e European Union Reference Laboratory for Animal Proteins in Feeding-
stulfs.

46 ThermoFisher
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Quantification of meat species DNA in food and feed samples

RapidFinder™ Quant Multi-Meat

» PCR detection of a highly conserved
mitochondrial genomic region from animal
species

* Multi-Meat Standard, a plasmid

« Relative quantification of 0.05% of specific
animal species DNA with respect to total animal
DNA in a sample
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{';} PCR testing is targeted or relies on a subset
{:} of targets

PC R Q—@—Cj} N PCR testing is conducted one target at a

time

O DR PCR testing has a higher limit of detection

& less data density




Molecular methods: NGS — multispecies identification

lon Chef / lonS5
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lon Torrent Applications: Food Integrity

Food Fraud, Authenticity,

For multiplex samples, Labeling

multiple targets

50



lon Torrent Applications: Food

 Multi Species Identification iy

= Accurate species ID by sequencing of cytochrome subunits and other genes
(“barcodes”) even in mixed samples

= Sequencing results show the percentage composition of different species in a
sample

» Geographic Origin
= Determination of SNP frequencies by GBS of high diversity genes

* Pathogen Detection 2 e
= 16S gene sequencing for identification of bacterial organisms

= 18S/ITS gene sequencing for identification of fungal organisms

» Metagenomics
« Broad-range research analyses of
mixed microbial populations.
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Multi-Species Screening and Identification

Preparation

1-16 hours

Library
Preparation

4 hours

Template
Preparation

12 hours

aD
a'e

Sequencing

10 hours

Data
Analysis

1 hour

7

7

7

7

lon GeneStudio™

N

7

Torrent Suite™ and

52

Thermo Scientific™ SGS™ AllSpecies ID Thermo Scientific™ S5 System SGS All Species ID
DNA Extraction Kit DNA Analyser Kits lon Chef™ System Next Generation P
Software
Sequencer
\ J \\ V. \ V. \ V. \
* DNA preparation time range includes overnight incubation for select few sample types
ThermoFisher




food fraud testing

Thermo Scientific NGS Food
Authenticity Workflow

Step 1: Sample homogenization

and
10),

inal

TREretore, TG SEnafve MEasarement equpment i

not mandatory

Thermo Scientific NGS Food Authenticity Workflow Guides

gers,

ind
10),

T

E
homogenzation

DMA extraction

DA guantification
and dilution

DMA amplification
Libraries preparation

gers,

ginal

Chip preparation
DMA sequencing

Data analysis

3.0

4.0
2.0

6.0

7.0

ThermoFisher
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Step 1 Sample homogenisation

Step 2a/b DNA extraction

Preparation Step 3 DNA guantification
Step 4 DNA amplification /

1-16 hours

Solid Samples Hard samples Liquid Samples Animal Feed Sauce samples
Samples

Thermo Scientific™
DNA Extraction Kit
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SGS All Species ID Analyser Kits

* SGA All Species ID Meat Analyser Kits
« SGS All Species ID Meat Analyser Kit (Barcodes 1:1-24) »
« SGS All Species ID Meat Analyser Kit (Barcodes 1:25-48)

» SGA All Species ID Fish Analyser Kits
« SGS All Species ID Fish Analyser Kit (Barcodes 2:1-24 & 3:1-24)
» SGS All Species ID Fish Analyser Kit (Barcodes 2:25-48 & 3:25-48)

« SGA All Species ID Plant Analyser Kits
« SGS All Species ID Plant Analyser Kit (Barcodes 4:1-24 & 5:1-24)
» SGS All Species ID Plant Analyser Kit (Barcodes 4:25-48 & 5:25-48)
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Step 5: Library preparation

N

v

Library

Preparation The concentration of PCR products from all

samples is assessed using Gel Electrophoresis
4 hours to ensure that they are present in the same
concentration in the final library pool
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Step 6: Template and Chip preparation

jontorrent sxaoxo+=

T Micro-pipettor l. = ‘

, Robotic arm Template
/ Preparation

Door o

12 hours

lon Torrent Sequencing Chip

Run:

1) Library, Reagents, Oil and lon Spheres are mixed
and amplified using the on-board thermal cycler

2) Templated lon Sphere Particles (ISPs) produced

3) Templated ISPs loaded onto chips

Power button

PCR Break Template
amplification emulsion dissociation

@Y Ag-le-le-ly

Touchscreen

\
J
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Step 6. Part 2: DNA Sequencing — lon GeneStudio S5 Food Protection System

Install waste container,

aD
e

- wash solution,
cleaning solution, '
and reagent cartridge. Sequencing
-> Install chip.
10 hours
l@.— = > Select run plan,
(2 Click Go.
Sensing layer
0 9 e e e Sensor plate
Barcoded S5 Chip Reagent C"?“.”'dge Wash sol_u_tlon Waste container Cleaning solution
(1 per init (1 per init
(1 per run) 1_2 runS) 1_2 I‘unS) (Reusable) (4X Use) Drain Source To column

Silicon substrate
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Step 7. Data Analysis — SGS All Species ID Software

Fast Q file from the S5 loaded into the SGS Al
Species ID Software

Samples are identified according to barcode

Seqguences for each sample are screened
against the database containing over 15,000
species

A list of all the species contained in each
sample is displayed

The number of reads per sequence is
provided, this can be indicative of the amount
of a particular species in the sample but is
NOT quantitative

If a sequence is identified but not matched to
the database, an ‘Unknown’ result is returned

-
< Extractor

JENET=SE)

Select all
Barcode |~
[

BARCODE 2
BARCODE 3
BARCODE 4
BARCODE 5
BARCODE &
BARCODE 7
BARCODE 8
A
<

|| r

[T] Select all
Target
MEAT
FISH

] PLANT
[[] ENTERO

Choose

Data
Analysis

Process

Save File - 4/4 [ 100% (0/0)]

1 hour

| NGSoftware

Extractor

2017 ALL RIGHTS RESERVED © SGS V2.0

59

ThermoFisher
SCIENTIFIC



Example of NGS multispecies report

FISH 5 Fangasiancdon_hypophthalmus 3820
Sander_lucioperca T

Fleurcnectes _platessa 1158
Anguilla_japonica 1124
Lophius_piscatorius 815

Chanos_chanos 384
Melanogrammus_seglefinus (i)

= Oneorhynchus_mykiss 830
! Abramis_brama 2086
Leuciscus_|leuciscus T8

Leuciscus_idus 550

Rutilus_rutilus 534

imba_vimba 407
Alburnus_istanbulensis 284

3 Rutilus_rutilus 5417
Pollachius_virens 2807

MEAT o Bos_taurus 19308
23 Gallus_gallus 16534
Bos_taurus 4217

e Sus_sorofa 10105
Bos_taurus 168

FPLANT ! Criganum_sp./Criganum_gonites 28880
Criganum_sp./Criganum_vulgare 430068
Criganum_sp./Criganum_majorana’Crig 42878

Thymus_sp. 51569
Convelvulus_arvensis iz
Lactuca_sp./Lactuca_sativa 13859

3 Criganum_sp./Criganum_gonites 71582
Criganum_sp./Criganum_vulgare 38150
Criganum_sp./Criganum_majorana’Crig 35415

Laurus_nobilis 15078

ThermoFisher
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Informative and Reliable Results

* All targets are detected in a single run (meat, fish & plant)

* Reliable results in complex (multi-ingredient) and processed
samples

» DNA sequencing — most reliable method for species confirmation

« DNA can be highly fragmented as the regions targeted are very short,
e.g. 100 nucleotides

* NGS is starting to be introduced into international standardization:

* NWIP (new work item proposal) ISO project: ISO TC 34/SC 16 ISO
22949-1

» Molecular biomarker analysis — Detection and identification of animal
species by DNA sequencing methods (Including NGS)
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Case study: Grouper fillet

SITUATION RESPONSE VALUE DELIVERED
* Retailer requested species ID for + NGS Mutli-Species ID was ( )
seafood. Confirm grouper species performed, revealed 4 different °
authentication fish species
- : Rapid Response
* Sanger sequencing ID that_ S + Few species identified where Hours to da‘:?s to sec:}uence sample,
appropriate for single species not commercially authorized fish and provide accurate analysis back
products originated a mixture of species — one of the species
DNA sequences and no toxic

identificati It
identitication resuits « Supplier after knowing the NGS

results confirmed that in spite of
the fillet format of the product it
was not a true fillet but
processed fish sample with a
fillet format

<

*

Customer Solution
Specific for fish species ID testing in food

O

Scientific Expertise
Highly skilled and supportive scientists
dedicated to food safety and integrity
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Real time Response: Case study: Laurel raw material

SITUATION

RESPONSE

VALUE DELIVERED

» Retailer asked for NGS
spices in Curry mixture
(containing more than 10
spices according to label)

« All the spices except

laurel (scientifica name
Laurus nobilis) could be
detected

NGS spices was
performed and the
majority of the sample (>
90%) was composed by a
very similar plant of the
laurel family but not
Laurus nobilis (laurel) -
potentially a toxic plant

The supplier was mixing
in the curry preparation
not Laurel but something
else similar to Laurel but
with less than 10% of true
laurel

Rapid Response
Hours to days to sequence sample, and
provide accurate analysis back

Customer Solution
Specific for Plant Species ID testing in
food

Increased profitability
Fast and accurate analysis for prevention
of intentional adulteration of food supply
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Find Out More About Multi-Species ID for Your Laboratory Today

g A " N A .
food fraud testing 1 " moscnentmc

- —

® New video SGS just released on the Multispecies ID NGS workflow we are
partnering with them on: https://www.youtube.com/watch?v=ymaMgcTOLgO

® For more specific on the lon sequencer is the quick demo video to get an
idea of the plug and play, ease of use of the instruments:

https://www.youtube.com/watch?v=I8Lkis9gFlo

https://www.youtube.com/watch?v=aNA5aK5qYJc

® How lon Torrent sequencing works works:
https://www.youtube.com/watch?v=WYBzbxIfuKs

® Educational videos on our websites Learning Center (scroll to the bottom of .. |
the page for ‘Sequencing’): “'
~ il 1|| e

https://www.thermofisher.com/us/en/home/technical-resources/technical-

reference-library/how-to-and-educational-videos |nSpeCt. Detect. Protect.

Combat food fraud with the first complete NGS workflow for
meat, fish and plant species screening and identification
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https://www.youtube.com/watch?v=ymqMgcT0LqQ
https://www.youtube.com/watch?v=l8Lkis9qFIo
https://www.youtube.com/watch?v=aNA5aK5qYJc
https://www.youtube.com/watch?v=WYBzbxIfuKs
https://www.thermofisher.com/us/en/home/technical-resources/technical-reference-library/how-to-and-educational-videos

Investigate more ....

TRUST

your foods are all they should be.

O SO NRCSEhon and ammonhcoty Eesting trochurs
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e
iGracilas!
Thank you!

: ¥a | %

DNA Library Template Sequencing Data
Preparation Preparation Preparation Analysis

victoria.moleiro@thermofisher.com Molecular Key Account Manager Iberia
itziar.olea@thermofisher.com Molecular Food Safety Specialist Iberia
elisa.parrilla@thermofisher.com Tactical Marketing Manager Southern Europe, Food Protection
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