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Eurofins’ experience in non-targeted testing using 1H NMR

The advantages of using 1H NMR to ensure food authenticity

What are the challenges to the successful standardisation of non-
targeted 1H NMR

Some solutions: what has already been achieved and what could be
done in the future
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® Food & Feed testing

A Environment testing
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& Corporate offices

v' 1.95 billion € of TO v' 250 laboratories
v’ 25,000 staff v' 130,000 analytical methods
v' 39 countries v' > 150 million assays performed each year
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Specialised in food authenticity testing

Eurofins Analytics France laboratory based in Nantes (France) is the group

Competence Centre for authenticity of food products
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Our vision of market needs

Analyses must help to enforce regulations & protect brands but:

= Need for a high number of parameters
= Often limited time, and

= Always a limited budget

» Targeted analysis efficiency is often limited

= Alarge part of adulterations are still undetectable

=> Profiling 1H-NMR is a complementary tool
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Eurofins experience in NMR non-targeted

approach

* 4 NMR spectrometers in Nantes (2 for SNIFNMR, 2 for Profiling)
BRUKER 400MHz with autosampler, BCU and BOSSII|
2 qualified instruments for non-targeted approach
2 BBI probes

* adedicated Production Unit Profiling NMR (since 2012)

* > 5000 routine analyses in 2015
fruit juices@, wines@, honey@, coffee@, soft drinks@, milk, spices....

@ 1SO-17025 accreditation for quantification (for the moment...)

(scope available under http://www.cofrac.fr/Annexes/Sect1/1-0287.pdf)
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Two approaches using the same experiment

Targeted Non-targeted

J wmw
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Features of 1H-NMR Profiling

« Complex signal with multiple

resonances for a single compound

* Primary method for quantification

Laboratory 1

no need to calibrate each compound

» High reproducibility, even inter-laboratory W\N

« Non-targeted detection of all protons

Laboratory 2

« 1H-NMR profile can be regarded as

b bl

2
chemical shift [ppm]

unique fingerprint of the sample

* Long-term build of reference Laboratory 3

databases possible

* Retrospective analysis possible ‘ ‘ |

26 24 22

also quantification of further _ - _
Example : preparation and acquisition in 3 different labs

compounds (wine sample)
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http://de.wikipedia.org/w/index.php?title=Datei:Fingerprint_picture.svg&filetimestamp=20091024171836

Eurofins routine applications for non-targeted 1H NMR

.
Fruit iui g ,” Coffee &
ruit juice A i Arabica v. Robusta f
Fruit type * . _ Other varieties
Concentrate v. NF(] y ' Adulteration :
Adulteration -
Origin | _ | Jo b
Wine Honey
Grape variety Adulteration
Adulteration Origin ‘
i : ] T e 9
And more:- @
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The challenges to the standardisation of

non-targeted 1H NMR

Sample preparation: differences at this stage can lead to
different NMR spectra for the same sample

'H NMR measurement: a clear protocol is required
(field strength, pulse type, acquisition time, etc.) to
produce repeatable/reproducible data

Data processing and analysis: different
statistical approaches can lead to different
evaluations

Interpretation of product
authenticity: relies on the
existence of a
comprehensive database
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The challenges to the standardisation of

non-targeted 1H NMR

What can be done to ensure standardized sample
preparation and 'H NMR measurement ?

= SOP preparation
= SOP acquisition
) = Quality criteria

Need:

Include internal quality control measures
Carry out regular comparison of NMR instruments (internally and in peer to peer

comparison
Validation, qualification

&+ eurofins u



Collaborative analytical tools:

FoodScreener™ - Platform-Concep

Large databases for widely spread single-ingredient commodities

IX / SGF-Profiling™
/ \ Module

>16,000 samples L =ﬁ,‘\ Standardized Platform FoodScreener™
\ F «  Quantification

Classification models

Verification models

Wine-Profiling™ wren 1 Non-targeted
>19,000 samples

—>

FoodScreener

i

FoodScree
Y_
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Internal Reference Material, two per session
Daily Quality Control

Blue and Green => upper and lower limits based on 3 weeks characterisation
(more than 20 experiments)

Black => QC of the day

REF1.2.150318

55 5.45

5.3 5.25

5.05 5

Signal

_ 1
ppm
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Comparison between our 2 instruments -Qualification

coffee
r _d_.-—-.,_/r P s
. Red-> instrument A
» j Black->instrument B
1

) j \
3. M Y 1 Ijl | ‘ |
;,EM—JI lWI‘ I LL}fIL J X:li:ﬁ.f lkﬁgu‘i:'w__ﬁfnf mk\ | honey
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Inter-laboratory process validation:

Peer to Peer comparison Bruker - Eurofins

Methods: Wine-Profiling

Lab 1:
Lab Z:
Diare

Lab Comparison

1.1 White Wine
1.1.1 Spectroscopical View

Following figure shows the specroscopical comparison of the white wine samples prepared in
Bruker BioSpin GmbH, Rheinserte both labs (4 samples In each kb, phase 3). There Is no evdence for a significant differance
Eurcfins, Mantes berween the preparation and measurement of both labs besides the normal achievable varlavion.
March 2013

The signals of tartaric acid are all berween 4 5820 ppm and 46120 ppm which Indicates
an appropriate sample preparadon (Induding pH-ad)ustment, refer w following figure). The
actual deviadon beoween both labs coincides with the known achievable varlazion.

Cowvamion of S - i br Ladd
Cowvam o s T 18 T
Cowvam of s =14 4T
Cowvarm of S 4 £
v of Baps - den LeB T
v of S £
v of S I £
v of S 4 4
Vit S 1 WA L B

1.1.2 Quantitative Comparison

Following table shows the comparison of some quantified parameters of the white wine samples
which were prepared In both [abs (4 samples in each lab, phase 3).

Compound Ty Labl | 3 Lab? | rel. comparison [%] [ rel. sed. Lab2 [%]
2, 3burandiol a2 385 100.6 EE]
Fmethyl-butancd 13 5 951 0T
etk ackd 355 343 d6.8 1.4
alanine a7 28 1017 50
ethanol TI0&N | GGGy 1017 [
frucuose 2673 2660 a05 1.9
glucos: i 25 51 126
ghycerc] L 017 o7 13
lactic add 4 5 100.4 B2
malic acid 1015 TERD LR 15
succinic acd BIT tad 63 1B
Result:

Therals na significant deviation berwesn Labl and Lab2 (mean values). The standard desatlon
of LahZ 15 for high-concentrated compounds less than 3% (e.g. ethanol, malic acid) which
ndicawes an appropriace sample preparacion.
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Periodic comparaison : wine, juice, honey

Eurofins

Sample 1D
sample code . 370-2016-10134150
Variety Pinot Gris

Customer
Country France ke

Varinty
Region Countey
Vintage Region
Type of Wine white Vintage
Moasuring Date:  23-Jil-2016 01:53:31 Sywe o Wine

Measuring Date
Reportng Das 25-J1-2016 09:28:32, Version 3.0.2, 8 pages Regcrting Dase

Agproval

Rosults Summary

Rosslts Semumary

Type of Analysis Analysis 1D Result | Status

Classification Analysis ol
White Wine Variety
Targeted Analysis

Quantification

WI-1104.01/0681 | In-Model | @

White Wi

WEQ1001 -

Trpe of Analyss
} i

Wihite Wine Vietage

Taegeted Analysis

Bruker

4150.LAB-WI-30062016

Additionst Sample Information

EUROFINS

Pinct Gria

France

Ehsass

w04

white

04 Jub 2016 17 56:21

12-0uk-2016 181134, Version 10.2, 9 pagems

approved by Monika Moertter on 12 Jul- 2016 18:10:00

Ansia 1D | Resalt | Status |
e | 4

| Chassiication Anstysis

e WI1106.01/0681 | InModel | @
WI-1190-01/1001 | In-Model | @

- - Quantification WiQ/1001
Comparison with NMR Reference Database WIQC/0707 - @ ,
parincn with NMR Reference Dat WI-QC/0707 -l ®
Untargeted Verification Analysis Untargeted Verification Aalysis
Univariate Vorification WI2002:02/705 | In-Model | @ Univariate Vesification W1 200202 nModel | @
Mulvanate Verfcation WE2002.02/705 | In-Model . Madtivariate Verihcation WA2002.02/705 | In-Model .
Viine Content Analysis WH4002:01/706 | InModel | @ e

Untargeted Verlflcation Analysls
Appid Maodel: Pinot BLanGris

Unieariaie Vorification

Rosult: Mo deviation was detected in uniariai vodfication {in-Moded)

Multivariate Verification

Rosuit: Mo deviation was detected in mulivariale vedfication {in-kioded).

s

Wine Contart Analysis

: Based cn the comparison with the redemnce database, there is no Indica

n for an

Untargeted Verification Analysis
Applied Model: Pimot Blanc/Gris
Univariate Vesification
Result: Mo deviation was detected in unhvariate verification (In-Model]
Multivariate Verification
Result: No deviation was Sstected in multhasiats vershoation (bs-Model)

s et

e —

Wine Comtont Anabysis

an for am

Redult: Baied on the comganiion with the reference databade. there I8 mo
F vl




The challenges to the standardisation of

non-targeted 1H NMR

Data processing and analysis

= What are the effects of processing and how can
discrepancies be overcome ?

=>automatic process is the safest solution !
(Matlab routines, FoodScreeneer...)

&% eurofins v



Collaborative study Example: Wheat : organised by a

PT organisator (only quantification

Figure 1. Typical 1D H-NOESY spectrum for the present ILC

@ ~ INNOVATIVE
IS SOLUTIONS

Validation of NMR fingerprinting methods:
effects of processing on measure reproducibility
and laboratory performance assessment

9 8 7 6 5 4 3 2 | ppm
1able 2
Registerad Participants | 37
| Available NAR spectrometers || 46 |
| Deelivered set of samples || 46 |
| Spectrometers producing results || 39 |

| Magnetic Field (Larmor frequency) ||

| 9.4'T (400 MHz) || 16 I

| 11.7 T (500 MHz) || 7 |

| 14.1'T (600 MHz) || 14 |

Innovative Solutions 3,11, zona H 130/B, 70013 Nogi (BA), Ttaly [ 16.4'T (700 MHz) [z |

Contact person: Prof. Vito Galle | Spectrometer manufacturers || |
Phone: +39 0803963607 Bruker 35
Email: direzione(@innovative-solutions it Vasian 4

& eurofins



Table 3 ].nte%'xal Lot /Toss
raao
Session Number of Processing Sofivare Integration T =
operators procedure maode*
_ - Lab Cogel| L€ ILC1Z- IL.C2 ILC2 Z- ILC3 ILC3 Z- TLC4 ILC4 Z-
.l manT Ph“! and bazeline correction o no limitztion e Average SCOTE Average BCOTE Average sCOTE Average) sCOre
’ ) aceording to operator experiize limitation = = — -
: —— cs | 0.02420 ||-1.0 |-:|.-32:1s ||-2.4 | 0.02458 ||-0.1 ||-:|.-:|91 4 ||1.J |
ez one amzl phiss correction and T:cw?:_,?:\ = ||tegra E |femoe |pemes |poees |[13 |[pozizs e |[pozsze | [o= |
automatic bazeline correction AT
- = |.=n | 0.02383 | |-1.1 | 0.02405 | |-:.s | 002172 | |-3.-:u | |-3.-351;4 | |1.4 |
I one (differsnt from manuzl phaze correction and o :
o cassion TLOT stomatic bassline corraction SRIER o = |[pozoma [z |[poz02z [1o |[po2z2e fai |[pozeaz | ][o2 |
s ( one (the :ame 2: in mamel phaze correction and o ik G3 002520 [ 002714 = 002380 [ 002822 =
Nge:sion ILC3) automatic baseline correction AR pea B1 0.02751 0.6 0.02742 0.1 0.02498 01 002852 -1.3
*Intepration method iz named differently zecording to the different softmare. D1 0.02471 0.7 002711 0.4 002398 -1.0 0.02070 -0.4
|c3 | 0.02400 ||-1.0 | 002415 ||a4 | 0.02246 23 ||-:|.-:|:~335 ||-:11 |
EB ||2.'-:|551 ||12515 | 0.02708 ||-0.4 | 002532 ||0.1 ||-:|.-:|51-:12 ||-:1‘- |
It is important to point out that laboratory performance assessment is strongly dependent on the [+ |[pezzz s [z |22 |[poases ][22 |[pazsze | |[23 |
operator. It was found that laboratores obtaining unacceptable |z-scores| (=10) in the first [e: |[pozeez ][0 |[poazst |20 |[po2rzz |t= |[pazese] |3 |
elaboration, ILC1, gained better results in the new elaborations ILC2-4 carried out by a single et |[pezziz |[13 |[pezmz joa |[po2zas |01 |[poz2sz ] [t2 |
operator and in manv cases their performance were satisfactory. No substantial effects of the software El 002680 [f02 002771 0.2 00ze12 0.8 0.03028 0.1
and of the integration procedure were found. E5 0ozss  |[os 002770 02 0.02470 0.4 002865 12
EB 003425 |[1az2 002435 5.0 0.02304 10 003254 19
45 | 0.02207 ||-2.0 | 002765 ||02 | 002764 FE ||-:|.-:|:~3;~:| ||-:1s |
|_a4 | 0.02301 ||-1.5 | 002765 ||02 | 002764 FE ||-:|.-:|:~3;~:| ||-:1s |
NM RCI nterl a bo rato ry IS NMR ILC 001_2016 [ |[pozzs [ |[pezsz |7 |[pozss oz |[pozszz ||[o= |
om pa rison |B4 | 0.02551 | |-05 | 002742 | |-o.o | 0.02445 | |-o.s | 0.02024 |-o.s |
Validation of a combined NMR method [Ft ooz [[05 [oozme fos [foczsze  [[-13 [oozoez o4 |
for analysis of wine grapes (Project: Re.Ge.Vi.P.)
Timetable
2016/10/24 Start
2016/11/07 - 2016/12/11: Call open and registration of the participants In line with the results reported in the previous volume,[g the new data elaboration indicate that the
2017/01/15 : Conclusion of the stability tests NMR experiment (1D :H NOESY) proposed for the fingerprinting of wheat and flour aqueous

2017/01/31 : Publication of the “Guidelines and contract terms”
2017/02/01 - 2017/02/28: Sample preparation and delivery to participants
2017/03/01 - 2017/03/31: NMR experiment registration and results submission
2017/04/01 - 2017/05/31: Data elaboration and publication of the report.

extracts 15 a robust expenment. In fact, the majonty of the participants produced NMR spectra that
can be considered “statistically equivalent”. Thus, the main goal of this inter-laboratory comparison,
the validation of the 1D :H NOESY expenment, was achieved.

v

@
@
@
@
@
@

www.innovative-solutions.it
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The challenges to the standardisation of

non-targeted 1H NMR

How to avoid errors in the
interpretation of product authenticity

=>a unique validated database is the key!

+% eurofins



Validation Files

- Classification Models

« Validation by Monte-Carlo/Cross-Validation Overview of classes
° AnaIySiS of Confounders Class Samples | Percentage
o non-Acacia 2753 96.3
« Wrong prediction rate < 3% _
Acacia 107 3.7
Total 2860 100.0
3.21 PLIMIT = 0.01
I non-Acacia
‘ H 1 ‘ 2 ‘ Amb.OK ‘ None ‘ Wrong ‘ I | Il Acacia
1: non-Acacia 096.2 2.3 0.0 15 2.3
2: Acacia 07.2 0.0 2.8

H 1 ‘ 2 ‘ Double ‘ Triple ‘

1: non-Acacia 0.0 0.0
2: Acacia 0.0 0.0
Correct Prediction Rate Unique: 06.2%

Correct Prediction Rate Ambiguous: 0.0%

Correct Prediction Rate Total: 06.2%
False Prediction Rate: 2.2%
Prediction Rate 'None’: 1.6%

o> eurofins



Larger Collaborative studies already made

Qolla borative

a& Study
eer to
peer

@
Method
validation
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1-Juice : In the frame of BIPEA PTS

Type of Product " Concentrate (re-flavoured)" was assigned

:, Following clases w avartibie
c = Concentrann (s Mowoured|

ASK = Concestrane. AS-S = Divect Asice. AS-SK

' SGF 5 instruments =
| routine conditions "
(=PTS)

SGF Interlaboratory Comparison 2015

Apple juice from concentrate

4. Results from SGF-Profiling™

In our 2015 Inter-laboratory Comparison all cooperation laboratories using the SGF-Profiling™ in
their routine work participated with this proton NMR technigue, as it was done in 2014.
Figure 2: Assignation of product type: from concentrate
All the participating laboratories reported that the sample fits in the multivariate verification
Type of Fruit “Apple” was assigned model:
Multivariate Venfication
Muria Bhced Crangs, AS = Appl, TR/TW = Crapa, G5{GR = Graputrak, AN = Fiwoppie 25 = Lo, 5F = Feach, M = Rapbery,
Btack Carmast, 5K = Scur Chawy, 5 = Paar, GT = Pornagransce, 5 = Passicn st BA = Banue, AP = Agicce. MA = Manga GU
Y- Mo
b - Model
3
£
m
1
o
# ]
® &)

€ g w

. g
» -~
log-Mahalanobis Parameter
Figure 1: Assignation of sample to Apple juice .
Figure 3: Sample fitting in the multivariate verification model
The results provided from these laboratories are quite impressive since all of them identified the As for the analysed parameters all the laboratories gave similar values, and moreover, the ob-
samples as apple juice and as 100% juice from concentrate. tained values are very much in line with the target values. In Table 4, the values obtained by the

NMR can be seen.
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2-Wine : organised by Dr. Ristow

GODELMANN ET AL.: JOURNAL OF AOAC INTERNATIONAL VOL. 99, NO. 5, 2016 1295 PrifgutKods BuemerKode Jahrgang Beschreibung

MMRPO1 ohne Modelhwein
NMRPO2 DWaA 1050807  ohne Standardidsung zur Weinanalytik
FOOD COMPOSITION AND ADDITIVES NMRPO3 2011/2012  Merlot di Venetia DOC, dotiert
1 NMRPO4 FT14P02 2011 Domfelder und Spatburgunder, Rheinhessen
* * Al * 2 * / NMRFOS DWaA 1061305  ohne Standardiasung zur Weinanalytik
Quantitation of Compounds in Wine Using H NMR ean Erieor e e brocken
] . 4 NMRPOY FT13P02 2010 Scheurebe, Pfalz (sdurereich)
Spectroscopy: Description of the Method and NWRPOS  FTIP05 2013 Resling, Piae
NMRPOS 2011 Chardonnay, Central Ranges, Australien, dotiert
§ .
Collaborative Stlldy NMRP10 2013 Cabemet Sauvignon, Central Valley, Chile, dotiert
l Mean
Acetic acid | Analyte recovery, % Variation, % Methods of determination”
l 1 Glucose 100.0 95.2-106.4 OV MA-AS-311-02 and
(n=49) MA-AS-311-03 and equivalent
enzymatic and HPLC methods
Shikimic acid [ -
Glucose Malic 104.1 91.4-1241 OINV-MA-AS313-11 and
I acid (n=T) MA-AS313-12A/12B and
Sorbic acid equivalent enzymatic and HPLC
methods
Fumaric acid Malic acid [ Acetic 108.9 99.9-123  Enzymatic and HPLC methods
1 acid (n=10)
o M “ ﬁ L Fumaric 96.8 80.5-104.1 HPLC methods
—k - = e i) e e o w7 acd - (n=6)
N ' H i ¢ [ Shikimic 1052 912-1223 OV MA-AS313-17 and
acid (n=10) equivalent HPLC methods
Anlage 1: Verzeichnis der Teilnehmer 15 instruments Sorbic 1002 97.9-1025 OIV MA-AS313-20 and
ALNuMed GmbH D-95448 Bayreuth I u acid (n=8) equivalent HPLC methods
BAM Bundesanstalt fur Materiaforschung D-12489 Berlin . .
Bayerisches Landesamt fiir Gesundneit M anu al INnte g ration
und Lebensmittelsicherheit D-o7082 Wilrzburg H
BfR Bundesinstitut fir Risikobewertung D-10589 Berlin 8 I n StI’U m e ntS
Bruker BioSpin GmbH Rheinstetten D-76287 Rheinstetten Mandel's h of Shikimic Acid imanual evaluaton)
Bruker Italia 1-20158 Milano Bars represent sample s M RPO1 to MM RP 10 i~ 1
chelab Hemmingen D-30966 Hemmingen (Han.) 4 AUtomatIC Integ ratlon
Chemisches und Veterinaruntersuchungsamt
Karisruhe D-76187 Karlsruhe 3 4
Eurcfins Analytics - Nantes F-44323 Nantes Cedex 3 P - -
Eurofins Analytik GmbH - Hamburg D-21079 Hamburg , 99 % fPa?T of the d“;g”"‘“{“f study included the mt;gm“’“h
Hochschule Geisenheim University D-65366 Geisenheim = e 5%  Of signals and data evaluation m aufomatic mode wil
Institut Heidger D-54518 Osann-Monzel WineScreener ™ (Bruker BioSpin).
LGC Teddington GB-TW110LY Teddington Middlesex 1 1 o S - .
Quality Services Intemational GmuH D-28199 Bremen . This indicates that the elimination of personal effects/
WINESPIN ANALYTICS GmbH & Co KG D-55459 Aspisheim

mfluence on the reproducibility of the results, notwithstanding
1 uniform instrumental equipment and measurement settings.

—
5
=
=
g
=
i
= B
%

ﬂr h mfluences during the spectral evaluation did have a decisive

g ———— e — e e — {05%
99 %

.% "
LO1 LOZ LO3 LO4 LO5 LOG LO7 LO& LO9 L10 L11 L2 L13 L14 LIS %.:. e u rOfI n S
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Next challenge

Proficiency Test

Qollaborative

cb Study
eer to

4 peer

Method
validation
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Our suggestion : from FIT-PTS towards Profiling-PTS

*  FIT-PTS:

Initiated in 1994 => more than 20 years of experience !

Dedicated to Food analysis using Isotopic Techniques (IRMS,
SNIFNMR)

Complies with the ISO/IUPAC/AOAC International Harmonised
Protocol for Proficiency Testing of analytical laboratories

Recognized by accreditation bodies )|

70 participants (worldwide)

& eurofins e



Our vision of future NMR profiling

proficiency testing

e Profiling PTS
Initial project: matrices shared with isotopic PTS (Wine, Juice, Honey)

1 sample per trimester

Targeted : calculation of z-scores
Non-targeted: Classification scores? ....

Spectra evaluation and quantifications?

A need for accreditation and commercial acceptance
First Round will be in 2017, in parallel with the FITPTS distribution,

Eurofins will take care of the organisation (preparation, parcels, results...)

o> eurofins



Accreditation process

Formal recognition of
laboratory’s competence
to carry out a specific test

) Accreditation
//’/ -
; Proﬁciency i Performance assessment
/ / Testing of participating laboratory
\[ /" Quality

y Control
- § Continuous verification of
analytical system to ensure
consistent quality
IQC procedures: replicates,
control charts, reference
materials or spiked
samples

Validation

Fitness for purpose of analytical
system (method protocol, type of
matrix, concentration range of

analyte)
Source: |. Tavernier, M. de Loose, E. Van Bockstaele, Trends in quality in the analytical laboratory. II.
Analytical method validation and quality assurance. 2004, Trends in Analytical Chemistry, 23(8),.535-552.

&% eurofins =



ISO 17025: inter-laboratory accreditation

Preparation

« standardized operating procedure
(SOP)

cofrac

Ok with 1ISO 17025

NMR-Tube

Acquisition

(SOP)

cofrac

ESSAIS

Accréditation n® 140287
Portée disponible sur
www.cofrac.r

( = subcontract of the last part)

ESSAIS

Accréditation n® 1-0287
Portée disponible sur
www.cofrac.r

encrypted
data transfer

>

<€

results/report

« Criteria to have spectra validated

Analysis and Reporting

Data Analysis Server

at Bruker

« reference database and analysis routines

(chemometrics, models) (SOP)

\ 4
~
A

-

(( DAKKS

Deutsche
Akkreditierungsstelle
D-PL-19229-01-00

Work in progress
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Thank you for your attention!

Roundtable Discussion after Jana’s speech...

& eurofins



