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About Eurofins : Good to know! &% eurofins

Created in Nantes - France in 1987 as a spin-off of Nantes Univ

Detection of sugar addition in wines using SNIF-NMR analysis:
analytical method invented by Prof G. and M. Martin at Nantes
University, the parents of Eurofins’ CEO, Dr. Gilles Martin

SNIF-NMR is the acronym of Site-Specific Natural Isotope
Fractionation studied by Nuclear Magnetic Resonance

in French = FINS-RMN

from this comes the name of our company : EuroFINS!




About Eurofins : Good to know! q:f: eurofins

EC Regulation N°2676/90 determining
EU methods for the analysis of wines :

detecting enrichment of wines by
application of SNIF-NMR
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About Eurofins : Good to know! &% eurofins

Early 90’s : SGF (1) has contacted Eurofins to
develop the SNIF-NMR method for fruit juice
authenticity testing

Mid 90°s: SNIF-NMR parameters are listed in
the AIJN CoP (2) (3) as criteria for evaluation
of identity and authenticity of fruit juices

(1) SGF — German Fruit Juice Industry Self-Control Association
(2) Association of the Industry of Juices and Nectars from Fruits and vegetables of the EU
(3) CoP = Code of Practice




Company Overview {-? eurofins

Global leader in the bioanalytical testing market:

e More than 900 laboratories with > 61 000
employees

* Presence in 61 countries
* >130,000 different analytical methods

* >150 million assays performed each year to
establish the safety, identity, composition,
authenticity, origin, traceability, and purity of
biological substances and products, as well as
carry out human diagnostic services.

* In-depth Industry expertise and rapid reaction
capabilities

* Investment in R&D and state-of-the-art equipment




Food integrity pioneers

+% eurofins —

Group authenticity competence centre based in Nantes (France):
Experlence in food authenticity testing since 1987!

www.eurofins.com



Fruit juice authenticity: analytical strategy &% eurofins

Authenticity check requires a combination of:

.compositional analyses
(wet chemistry &chromatographic methods)

-isotopic analyses

(SNIF-NMR and IRMS methods)

-.DNA analyses

(fruits species or varieties identification)

= 1H NMR screening can help to optimize costs
. and testing speed




Analytical tools for authenticity testing o= eurofins

)

= Chemical composition methods (e.g. chromatography)

Identification & quantification of defined compounds

= Stable isotopes

Molecules origi

= Molecular Biology

= |dentification of species, varieties, etc.

= Profiling methods

Whole matrices fingerprint




Stable isotope analyses {‘? eurofins

Stable isotope approach
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Isotopes are different forms of a single element : the same number
of protons, but differing numbers of neutrons




Stable isotopes in natural abundance &% eurofins

Natural products are composed of 5 main elements C, H, O, N and S

4g These elements are naturally present in
several isotopic forms (same atomic
/ number, different weights),

32

12

CI3

17 Isotopes distribution is influenced by natural
0 phenomena and human processes:

- Precursors (natural / synthetic)

1 14 - Metabolism (botanical origin, regime)
ZQ /DI5 - Environment (geographical origin)




Stable Isotope Analyses: 2 main techniques {-:* eurofins

(1) IRMS : Isotopic Ratio Mass Spectrometry

= Combustion or Pyrolysis
of the organic product to
a gas

= Access to overall isotope
ratios of a product or
Isolated compound

= Can be coupled to
Chromatography
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Stable Isotope Analyses: 2 main techniques -:-? eurofins

(2) SNIF-NMR ®

®" method pioneered by
Eurofins Scientific

" measures isotopic
distributions within a given
molecule

Site-specific Natural Isotopic Fractionation studied by deuterium
Nuclear Magnetic Resonance. FINS in French!
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Isotopic fractionation due to metabolism &

o8 .
physiology: example of plant primary metabolism v cU rofins

Where does the sugar in a plant
come from: 7, .

N PN

Carbon dioxide

Co,
-8 % 7\
(-8 %) A
,
- -
C3 C4
most plants Gramineae family e.g. sugarcane,

values around -25%o maize, values around -10%o

13



SNIF-NMR® of ethanol: detection of beet sugar {.:? eurofins

TMU CH,D-CH,OH
/ e

Ethanol from fruit

CH,-CHDOH

Ethanol from beet

CH3'CH20D

2H-NMR spectrum of ethanol ’ (D/H), ppm
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SNIF-NMR applied to Deuterium : os. .
o~ eurofins
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Isotopic methods recognition

&% eurofins

year |Method Product Fraction Techniques| Isotope ratios
1987 |OIV, recueil des méthodes d'analyse wine Ethanol SNIF-NMR  |(D/H),, (D/H), ,R
1990 |EC regulation 2676/90, annex 8 wine Ethanol SNIF-NMR  |(D/H),, (D/H), ,R
1991 |AOAC method 991.41 honey honey & proteins IRMS Bc/c
1993 |CEN (TC174 N108, ENV 12140) fruit juice Sucre IRMS Bc/%c
1995 |AOAC Official method 995.17 fruitjuice | Conanol(from ey ue NMR [(DH), (DH), R
fermentation)
1996 |OIV resolution ENO 2/96 wine water IRMS 80/%0
1997 |EC regulation 822/97 wine water IRMS 180/160
1997 |CEN (TC174 N109, ENV 12141) fruit juice water IRMS 180/%0
2000 |AOAC Official method 2000.19 maple syrup | Cnanol (from 1 o\ e NVR |(D/HY, , (D/H), R
fermentation)
2001 |OI resolution ENO 17/2001 wine Ethanol IRMS Bc/’c
2003 |EC regulation 440/ 2003, annex 2 wine Ethanol IRMS Bc/c
2004 |AOAC method 2004.01 fruit juice & - - Ethanol (from IRMS 1836/120
maple syrup | fermentation)
2006 |AOAC method 2006.05 Vanillin Vanillin SNIF-NMR (D/RH);

27/04/2023
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COMMISSION REGULATION (EC) No 555/2008 of 27 June 2008 oo .
( implementing Council Regulation (EC) No 479/2008 ) q::' Ccu I’Ofl ns
Wine Databank (EC Reg. N° 2729/2000 *)

Portugal France Germany Italy Spain U. Kingdom
50 400 200 400 200 ) 4

7 * Maintenance of databank
Arbitration of disput BT £ AN
rbitration of disputes 3 ﬁﬂatﬁ W
Analysis of samples

* Development and
validation of methods
S * Validation of data
. . Luxembourg
Greece * Training
50

4
/ (EC Reg. N° 2120/2004 *) \
20

Cyprus Malta Slovakia Slovenia Hungary Czech Rep
10 4 15 20 50 )

(EC Reg. N° 2030/2006 * _
ulgaria

Austria
50

Romania 70

*now repealed and replaced by (EC) No 555/2008



&% eurofins

Use of official data for control

Member State

Liaison Body

Official request

Member State

Laboratory

JRC: extraction of data from the database

ToQ

Bog




Wine data base
(DIH),

C. Guillou, BEVABS
JRC Geel Belgium




36 SNIF labs around the world : &% eurofins




Examples of adulterations tracked by isotope

SEmE e &% eurofins
testing in fruit juices

® Undeclared addition of cheaper sugar
" Undeclared addition of water (or NFC/FC juice blending)

" Undeclared addition of artificial organic acids (citric, malic,
tartaric)

" Undeclared addition of artificial vitamin C in natural products

" Undeclared addition of artificial flavour compounds

® Geographical origin mislabelling
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Recent improv_ements | %;:5 eurofins
addressed by isotope testing

" Undeclared addition of sugar in pineapple

" Undeclared addition of water (all fruits)

¥ Undeclared addition of vitamin C
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SNIF-NMR applied to Deuterium :

.% -
The pineapple « gap » o~ eurofins
O13C 507
(%o) ‘Cane, corn
00 1007 ) Pineapple

Ethanol <7~ -15:-12 (AlJN)
From _i507
sugars L»107 - 112

2007

2507

Orange
-30.0 Beet J
-35.0

85.0 90.0 950 100.0 105.0 110.0 115.0 120.0 125.0 130.0

(D/H), (opmy Ethanol from sugars
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NEW application of 13C SNIF-NMR to pineapple:

.Q. -
o%
improved detection of sugar addition v cU I’Ofl L

8'C of ethanol CH; (%o)

C o PINEAPPLE

= CANE

Added C4 sugar - MAIZE

0 g&g ° x BEET
<
RIPLE2
o <o
X test
X
¥
>‘><K >|><KX S Ageie. Food Cham. 2014, 53, 11533 11535 JOURMNAL OF
wX & DO L0101 fHO 2R AGRICULTURAL AND
QD SHEMSTRY
(A R T | C L E]
8'C of ethanol CH, (%)
Improved Characterization of the Botanical Crigin of Sugar by
Carhon-13 SNIF-NMR Applied to Ethanol
Also a p p I i ca b I e to : Frenoy Tuomas, 1 Cerin Bower? Aveas Coeerr, VmomE Soovesmes, !
Errc Yavm T SErcE Axcra,} (ERatD REMJ’LUJ;,I MicoLas ScEBARTIE Arm
H Cra L
Dragon fruit o omioo

Agave juice, syrup, and inulin IFU recommendation
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Juice authenti_city issues | %;:} eurofins
addressed by isotope testing

" Undeclared addition of sugar in pineapple

" Undeclared addition of water (all fruits)

¥ Undeclared addition of vitamin C
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Isotopic analyses in direct fruit juice:
Improved detection of water addition

&% eurofins

NFC JUICE

. B

COMPONENTS

| |
Water Sugars

| | Fermentation = Ethanol

180/160  2H/'H

’H/'H

180 /160

13C/12C

J. Agric. Food Chem. (2003) 51, 18, 5202-5206 ; J. Agric. Food Chem. (2006), Vol. 54, No. 2, 279-284
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Application of 130 internal referencing:
e.g. orange juice NFC authenticity control

&% eurofins

- A
o =~ DN
| !

80 water (%o)

o © & U d &h oA LNV L o 2N w s OO N ® ©
| I I I AN S R R R— | R A KN N N R R —

Authentic orange from a

specific origin

¢ Lab-squeezed
samples

“ Market NFC
juices

A Market FC
juices
Max (95% c.i.)
"""" Min (95% c.i.)

= = =AlJN limit

1
—_

5"°0 ethanol (%o)

J. Agric. Food Chem. (2003) 51, 18, 5202-5206
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Juice authenti_city issues | %;:} eurofins
addressed by isotope testing

" Undeclared addition of sugar in pineapple

" Undeclared addition of water (all fruits)

¥ Undeclared addition of vitamin C
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Detection of added ascorbic acid &% eurofins

* Industrial ascorbic acid is derived from sugar sources
Global 3C only detects C4 sources in fruit juices

C, planté C,plants

$13C around -25%o 313C around -10%o
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Site-specific 13C-IRMS analysis

.Q. =
s
via selective chemical cut: s> eurofins

813C C1 ~ 813C overall ascorbic acid

1
co T Natural
GoH R
COH CQ, from Carbon 1
HG Ce(SQO),+ H,SO,
GHOH 20°, 240 min l Artificial
CH,OH

813C -7%o lower than overall ascorbic acid

30



Detection of added ascorbic acid &% eurofins
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Analytical tools for authenticity testing o= eurofins
)

= Chemical composition methods (e.g. chromatography)

Identification & quantification of defined compounds

= Stable isotopes

Molecules origin

Molecular Biology

= |dentification of species, varieties, etc.

= Profiling methods

Whole matrices fingerprint




DNA testing methods: o, £
example: Detection of mandarin in orange, LOD 2% s« €UroTINns

R

PCR amplification of the DNA target / capillary electrophoresis

LI s B B B s e By s e B B B L e e ey B s s e e s s s e e By s Sy B B s e B e
70 74 a0 a5 a0 a5 100 105 110 115 110 115 130

Mandarin: 96pb
000
100% mandarin j\ L2000
(pure juice)
— Orange: 88pb o
<4000
100% orange 2000
(pure juice)

Also applicable to check fruit varieties
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Analytical tools for authenticity testing o= eurofins
)

= Chemical composition methods (e.g. chromatography)

Identification & quantification of defined compounds

= Stable isotopes

Molecules origin

= Molecular Biology

= |dentification of species, varieties, etc.

Profiling methods

Whole matrices fingerprint




P

Conclusion / Perspectives
Lutte contre la francisation
Fruits et Légumes
Plumes et duvets

|
|




Fruit Juice Risk Level &% eurofins

Disclaimer :

Non compliance rates presented below are global (all kind of
samples send by customers and analyzed in Eurofins Analytics) and
may noft reflect accurately the market situation in each country

But they can be used as qualitative indications for major risks for
each fruit on a worldwide basis.
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% Non Compliance

25,0
20,0 -
15,0

10,0

5,0 1
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Trend NMR Profiling &% eurofins

NMR Profiling

m Conforme
m Recommandation d'analyse

Non conforme
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Trend 2013 — 2018 : Coconut &% eurofins

m Water addition
m Aroma
Compositional deviation

m Sugar addition
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Trend 2013 — 2018 : pomegranate

&% eurofins

Pomegranate

30, 2% 1Bk

3%

3%

4%
5%
6%
6%
6%
7%

16%

m Sodium
Composition divers

m Oligosaccharides
5-HMF

m [sotopie Dilution

m Profil complet

m Densité / Brix
Tartrique

W [sotopie sucres
Fer

m Nitrates
Sorbitol
Ethanol Lactic / volatil
Natamycine

Anthocyanes

%
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Trend 2013 - 2018 : Lemon

&% eurofins

9%

13%

W [sotopie citric

m Composition divers
Isotopie sucres

m Oligosaccharides

= Profil complet

m Nitrates

m Sodium

m [sotopie Dilution
Densité / Brix

m Lactic / volatil
Arbmes

m Flavonoides
5-HMF

Fer
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Merci pour votre attention!
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