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e
I Reasons for food fraud

Deliberate fraudulent practice for financial profit
(adulteration / substitution — premium products/large quantities)

" Increasing price of some commodities (durum wheat)

" Insufficient supply (special teas, olive oil, saffron)

" Quality of the resources (bad harvest, variable composition)
" Restriction of tariffs (e.g. Basmati rice)

" Sustainability (illegal unregulated fishing)



-
I Concerns about authenticity [reasons for authenticity

control:
Minor problems: < Consumer protection
= Bad production practice (fc:co;:l ?”al'ty and
safety

" Inexperienced producer S Producer protection

" Inadequate control of basic resources (protection from

" Inadequate control of products competition, which
sells cheaper but

Maij I ;
ajor problems adulterated products )

" Deliberate use of (cheap) resources
inappropriate for the final product
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Deliberate consumer deception



-
I Authenticity control

Requirements for authenticity control:

®* Knowledge of processing technology, composition of the
product and the ingredients

°* Employment of advanced analytic techniques

® Experienced analyst

Assessment of compliance:
® With legislation
®* with information on the label

< Detection of compounds/attributes specific for adulterants
< Decrease or change of compounds specific for ingredients of
the product

Constant development of new analytical strategies is necessary
agagxkr:?:' :f Food Analysis and Nutrition 5



-
l Authentication

Food authentication is a process which aims on verification of
information about constitution, processing and origin of the
product as stated on the label.

Steps that can be taken to evaluate product authenticity?

* Check of the documents

e Sensoric analysis

* Analytical evaluation — complex chemical composition,
aromatic profiles, typical compounds, physicochemical
properties

Necessary requirement:
Accredited labs with standard analytical methods which can
answer the question about product authenticity
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I Authentication

Food authentication is a py Tation of
information about constit In order to have of the
product as stated on the lak

standard methods,
Steps that can be taken to e state-of the art

* Check of the documents
e Sensoric analysis
* Analytical evaluation —co

aromatic profiles, typical c. //

—

properties /

Necessary requirement: /
Accredited labs with standard analytical methods which can
answer the question about product authenticity

'

methods are
required
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-
I Basic authentication strategies

Every authentication strategy must be scientificaly sound. i.e.
must be precise, reproducible to reliably decide whether the
product is authentic.

Present:
* Analytical methods require statistical evaluation of the data

Future:

e Evaluation of big datasets and their analysis by MVA

* Integration of geographical information systems with climate
information systems

* Metabolomic analysis to determine the precise information about
origin of the product, geographical origin of ingredients and year of
harvest.

L N N ]
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l Food composition

[ Natural components ] [ Contaminants

N—/

Natural toxins - Nutrients

proteins
lipids
saccharides
minerals

< vitamins y
Fiber

Primary

Antioxidants and

DNA
RNA

L Processing products J L Additives J

T ——— L Biotechnology products J 10




I Food fraud discovery scheme

“a

* Matrix of NON-COMPLIANT
results S,
S11, S12 +-+S1n
Authentlc $21,522,+-:52m
sample set . Is sample X
S, Analytical IV.Ioc?IIeI f:)r compared to S,
strategies SIMBANEY | typical or
testing: .
atypical ?
Analysis
> =P results for
2 X importance  COMPLIANT
Suspect level
sample X ()
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l Food fraud discovery
g N

Traditional strategy

Chemical, physically chemical . s oo
or biochemical Fmgerp'r.mtmg
analysis Profiling
One or few markers/properties a bggﬂf;ﬁ-’gdg ‘gg’},’?‘z’tc’gﬁion

untargeted

targeted

Analysis of the whole metabolome
fingerprinting

Limited (if any)
molecular information
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l Food fraud discovery
g N

Chemical, physically chemical .
or biochemical Fmgerp.r .
analysis Profil What is a

_, Mmetabolome?

One or few markers/properties abggﬂﬂfgjﬁ ‘t /

untargeted

targeted

Analysis of the whole metabolome
fingerprinting

Limited (if any)
molecular information
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I Central dogma of systems biology

" -omics: Unbiased large-scale analysis of a set of molecules present in
the biological system

gene MBNA protein metabolite

genomics  transcriptomics proteomics metabolomics

https://www.ebi.ac.uk/training/online/sites/ebi.ac.uk.training.online/files/user/2760/images/Metabolomics/central_dogma_figure_1_.png

" Metabolomics: directly related to biological activity i.e. phenotype and
biological state
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e
l Metabolome

" A set of small molecules inside an organism (matrix)

16



-
l Metabolome

" A set of small molecules inside an organism (matrix)

Foods contain metabolites
from their constituents and
many more molecules!

Technology ¢ storage *...
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l Targeted authentication strategies

Quantitation
" Targeted

" Quantitative

" Coverage of small set of compounds

" Biased
" Hypothesis driven e.g. Cannabinoid r———
i : : o ‘ ' A%-THC
metabolism for Cannabis cultivar 1 ceny THcv\f | f TH
authentication 47N CBN | ASTHC

ca\c A%-THCA-A

Y-

0.1 \ ;
ol N\ J N
35 36 37 3839 4 414243 44 45 46 47 48 49 5 51 52 53 54 55 56 57 58 59 6 6.1 62 63 64 65 6 5
Counts vs. Acquisition Time (min)
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I Targeted authentication strategies

Profiling

" Targeted

" Non-quantitative

" Coverage of larger set of metabolites

" Biased — commonly a group of compounds related by structure or
fu n Ct I O n PAC_1_1 RT: 0.00-15.00 Mass: 100.00 - 1000.00 NL: 2.95E9 F: FTMS + p ESI Full ms [100.00-1200.00]

" Hypothesis driven e.g. phenolics
for wine authentication
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-
Requirements for targeted techniques

" Basically the same for usual targeted methods

[ | Specrﬁcrty Targeted Metabolomics

Lee D. Roberts! Amanda L. Souza2, Robert E. Gerszten':2, and Clary B. Clish?2
'Massachusetts General Hospital and Harvard Medical School, Boston, Massachusetts

. F u | | m et h O d Va | id at i O n u S u a I Iy re q u i re d 2Broad Institute of MIT and Harvard, Cambridge, Massachusetts

for quantitation el e b
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" High throughput

® Precursor lon  Transition (product) lon

* Q1 selects and passes only precursor of interest
* Q2 selected isfr d

P 9!

Extracted Ion
Chromatograms

* Q3: monitor specific fragment ions
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I Untargeted strategies for authentication

Fingerprinting

" Non-targeted

" gualitative

" Coverage of large set of compounds
" Least biased

" Hypothesis generating

21




T ——_—
I Requirements for untargeted analytical techniques

" Full spectral information

" Generic conditions

" High throughput (if necessary)
" Good interpretability of the signals is recommende%

~

Molecular
resolution

- J




l Instrumental platforms for fingerprinting

_METABOLOME
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| Mass spectrometry

" Weighing molecules

" Molecules need to be ionised

" lons can be manipulated inside electric or magnetic field
" Mass spectrum: m/z X intensity

" Destructive X very sensitive

" Specific




-
l Mass spectrometric fingerprint (snapshot)

100- 30332 DART-MS fingerprint

656.58
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355.28 | 41135

682.60

600.52

Relative Abundance (%)
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?
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e
| Mass spectrometric fingerprint (snapshot)
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| Mass spectrometric fingerprint (snapshot)
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-
I Mass spectrometric fingerprint (snapshot)

PAC_1_1 RT: 0.00-15.00 Mass: 100.00 - 1000.00 NL: 2.95E9 F: FTMS + p ESI Fullms [100.00-1200.00] 49."&“, g

\ ?
) " ~ re 5 . e
30D LC-MIS ringerprint rp '

Relative Abundance (%)
(82

Relative Abundance

Department of Food Analysis and Nutrition i i
Departmento Time (min) 28



I Basic food fraud discovery strategy

Department of Food Analysis and Nutrition
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Data analysis
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I Fingerprinting workflow

= All the parts must be carefully planned

" Quality control must be maintaned during the whole process

Statistical
Sample Data : :
: . Data Processing analysis and
preparatlon ach|S|t|on . .
mterpretatlon
~ /- Normalisation N " Overfi itting
= Sample size » Normalisation = Internal standards * Models validation
= Variability = Extraction = Batch effect BRI
=Confounding factors " Repeatability = Criteria for peaks selection
. = QC preparation = Repeatability
- NG / \" - )

6 Department of Food Analysis and Nutrition 3 1
UCT PRAGUE



I Fingerprinting workflow

" Data processing, statistical analysis and interpretation is usually the most
time consuming steps

Statistical analysis Mark.er Marker validation : |olog|ca.l
selection Interpretation
= First pass = tentative "Buying standards
=Second pass nclass = Targeted method
="unambiguous

6 Department of Food Analysis and Nutrition 3 2
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e
I Sample preparation

" Generally very simple -> reduction of error
" Generic methods are used -> increasing coverage

" Derivatization may be neded for certain analytes



-
I Data acquisition

Requirements:
" Stable AND repeatable conditions throughout the measurement

" Quality control procedures

" Incorrectly acquired data -> useless results

" A compromise between data complexity, speed and limits of detection



-
I Data processing

" One of the most crucial steps in the workflow

Bad data + good processing = bad results
Good data + bad processing = bad results
\Good data + good processing = good results

" Peak picking e 3 ;

ot QW OC sw 1 QW OC

10% |Cpd 5 +ESI ECC Scan CS_Gin_Otr_Ad x10¢ Semgple Group: D hr

" Peak alignment " :

W s o
v 14 3

" Data normalization l

" Transformation v G 5 o
" Scaling i l === \

~

..........

" 141638 & 42444648 3 52545658 & 62646668 7  FE T I L A L I T 2
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-
l Statistical analysis

Univariate statistics Multivariate statistics
" More traditional approach " Simplification of multidimensional
. : data
" Useful for individual variable
evaluation and filtering " Useful for evaluation of patterns in
the data

- é. .. o

14 . E .:o w;

0 ;"

4-?., :. .o

Component 1 (32.4 %)
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l Statistical analysis

Principal component analysis

Cluster analysis

class
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! Ideal situation

Non-targeted Targeted

(10s of samples) (100s+ of samples)

e I
List of

,,markers”

Nonselective /
sample

preparation sample

’ preparation
Highly
selective
acquisition
Statistical

evaluation

Selective

38
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L
" |deal situation

Non-targeted Targeted
(10s of samples) (100s of samples)
" Hundreds of compounds " Small number of analytes
" Preferring wealth of " Throughput over data
information over complexity
throughput

" Fast data processing
" Time consuming data

) " Rapid statistical analysis
processing

and use of models
" Time consuming statistical

: : " More samples to validate
analysis and modelling

the models

6 Department of Food Analysis and Nutrition 3 9
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e
| Reasons to go to targeted

" Requires less complex instrumentation (cheaper,
less requirements for the analyst ...)

" Easier to automate

" |s generally more specific and faster -> higher
throughput

" The number of variables will be small compared to
number of samples -> more robust statistical model

" No need for peak realighing when adding new
samples



¥ Conclusions

" Mass spectrometry can be used for food
authentication in various strategies

" Recently, fingerprinting is becoming preferred strategy

" Targeted analysis after fingerprinting is still required
for routine use



