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CONTEXT

GREENIFICATION OF PORTFOLIO

Regulatory Reputational Financial

e Natural claim (cf ISO 16128) * Greenwashing * Purchases / Inconsistent

 Animal origin * False advertisement pricing of natural RM vs.
quality

) We need to improve the authentication of natural RM to ensure their
LOREAL origins!
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CONTEXTE
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CONTEXT

NUMEROUS FRAUDS

ISO/TC 54

SR\
ISO 5032182014
NS

[SO0 9235:2021
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\ Confomity to specifications

- .
eavy prices Natural raw materials

are subject to many
frauds

= ¢

Rise the production volumes Low yield of production
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CONTEXT

NUMEROUS FRAUDS

DILUTION OF THE
NATURAL RAW MATERIAL

Dilution in

a solvent

Dilution
with
vegetal oil

Different
vegetal
part of

MIXTURE WITH ANOTHER extraction
FLAVOR OR FRAGRANCE RAW
MATERIAL
LOREAL
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Addition
of
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molecules Addition of
semi
synthetic
molecules
Adulterated Addition
natural raw of natural
i lecul
material molecules
Different
botanical
origin
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ANALYTICAL STRATEGIES OF AUTHENTICATION

AN ANALYTICAL CHALLENGE

COMPLEX ADULTERATIONS

= Establishment of

an analytical
strategy of

- control

ADVANCED TECHNIQUES
MULTIANALYSES

CLASSICAL
TECHNIQUES

Examples : Exemples:

* Analysis with GC-FID or GC-MS * Highlights impurities

e Olfactive Controls * Enantioselctives analyses

* Physicochemical tests * |Isotopic analyses
LOREAL
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ANALYTICAL STRATEGIES OF AUTHENTICATION

NUMEROUS ANALYTICAL TECHNIQUES AVAILABLE

Detection of residual impurities from synthesis and natural markers

e Volatile molecules (GC-FID/MS, Comprehensive GCxGC, GC-HRMS)
e Non Volatile molecules (LC-MS/MS, Derivatization GC-MS, TGA)

Enantiomeric ratios

e Enantiomeric GC, Heart-cut MDGC

Isotopic Analyses

e Radiocarbon assessment (AMS)
e Stable isotope studies (EA-IRMS, GC-IRMS, ICP-MS, SNIF-NMR)

Other techniques

* Spectroscopic studies (NMR, FTIR, NIR)
e Chemometric & Statistical studies (PCA, PLS-DA, OPLS-DA, LDA)
e Genetic analyses

LOREAL
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ANALYTICAL STRATEGIES OF AUTHENTICATION

DETECTION OF RESIDUAL IMPURITIES AND NATURAL MARKERS

Natural RM GC profile > A

Control of a natural RM using
GC-FID/MS; GCxGC-TOFMS (complex matrices)

or LC-MS/MS (non volatile matrices)
Adulterated RM GC profile > m A

Anomaly
Identification of an impurity :
Origin non conform
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ANALYTICAL STRATEGIES OF AUTHENTICATION

DETECTION OF RESIDUAL IMPURITIES AND NATURAL MARKERS

/\lolatile Composition (GCxGC-FID/TOFMS)

Identification of lavandin oil natural markers and abnormal high / low concentration of specific compounds

Camphor HsC. CHs Daucene Low concentration of camphor and absence
of daucene in a genuiness lavender oil
CHs
O i ..
\ Addition of lavandin oil

/Volatile Composition (GCxGC-FID/TOFMS)

Identification of linalool synthesis impurities
HO HO
\)4/\)\ M

\ Dihydrolinalol Linalol

Dihydrolinalool is produced during the
synthesis of linalool

Addition of petrochemical linalool

AN
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ANALYTICAL STRATEGIES OF AUTHENTICATION

ENANTIOMERIC ANALYSES
Enzymatic catalysis induces a stereoselectivity of active secondary metabolites biosynthesis

Organic synthesis leads to racemic mixtures of enantiomers

Analysis of the enantiomeric ratio can be done by chiral separations using GC analysis.
It is necessary to use columns of chiral stationary phases, consisting of cyclodextrins, to separate chiral compounds.
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ANALYTICAL STRATEGIES OF AUTHENTICATION

ENANTIOMERIC ANALYSES

Complex mixtures -> Use of Multidimensional GC (Heart cutting)
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Enantioselective separation of hydrocarbonated monoterpenes using MDGC (Columns HP1-Cyclosil Beta)

Alpha thujene 1(+), 2(-) ; Alpha pinene 3(-),4(+); Alpha fenchene 5(+),6(-); Camphene 7(-),8(+); Sabinene 9(+), 10(-), Beta pinene 11(+),12(-); Alpha phellandrene
13(-),14(+); Delta-3-carene 15(+),16(-), Limonene 17(-), 18(+); Beta phellandrene 19(-), 20(+)
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Aurélien Cuchet et al., Determination of enantiomeric and stable isotope ratio fingerprints of active secondary metabolites in neroli (Citrus aurantium L.) essential oils for authentication by multidimensional gas chromatography and GC-C/P-IRMS, Journal of Chromatography B, 2021, 123003



ANALYTICAL STRATEGIES OF AUTHENTICATION

ENANTIOMERIC ANALYSES

/Chiral Analysis (Enantio MDGC)

Abnormal enantiomeric ratios such as linalyl acetate

\_

AUTHENTIC LAVENDER
(Mean Value)

PETROCHEMICAL
LINALYL ACETATE

COMMERCIAL
LAVENDER

Hs Hs

He C HsC &
Borneol (+)
CH,
HaC Borneol (-
’ OH OH ()

\_

(R)-Linaly! 98.8% 50.0% 65%
acetate
Linalyl acetate (R)
Addition of petrochemical Linalyl acetate
Linalyl acetate (S)
/Chiral Analysis (Enantio MDGC) AUTHENTIC LAVENDER AUTHENTIC LAVANDIN  COMMERCIAL
. . . (Mean Value) (Mean Value) LAVENDER
Abnormal enantiomeric ratios such as Borneol (+)-Borneol [y ST e

Addition of lavandin oil
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ANALYTICAL STRATEGIES OF AUTHENTICATION

STABLE ISOTOPE ANALYSIS

* The evaluation of the stable isotope ratio leads to distinguish between synthetic and natural molecules
» Stable isotopes are used as geographical and varietal marker

Natural &
Synthetic
Origins

Stable
Isotope
Analyses

Geographical Botanical
Origin Origin
, -
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ANALYTICAL STRATEGIES OF AUTHENTICATION

STABLE ISOTOPE ANALYSIS

Carbon Dioxyde fixation CO,
13c/12c et 180/160

Elimination O, and
Evapotranspiration H,0
180/160 et 2H/'H

Isotopic fingerprints

Rain and irrigation
H,0, 80/0 et 2H/H

Sol Fertilizers and fixation of Atmospheric
345 /325 Nitrogen >N/1“N
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ANALYTICAL STRATEGIES OF AUTHENTICATION

ANIMALE VS VEGETAL ORIGIN OF SQUALANE J\/\/L/\)\NY\/\(\/Y
Squalane C;,H,,

Two main origins
Shark liver oil (animal origin) — 100% biosourced carbon

Olive (plant origin) — 100% biosourced carbon
Isotopic linearity of squalane measurements

100% shark

0% olive -17 ' ' ' ' (L
@ 20 40 60 80 100

Measurement of the 613C isotope ratio by EA-IRMS

y = -0,0875x - 19,446
21 - R? = 0,9992

o

Q g
8 -23
©
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27
7 = -29
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ANALYTICAL STRATEGIES OF AUTHENTICATION

ORIGIN OF 1,3 BUTYLENE GLYCOL VIA EA-IRMS

Petrochemical Origin
14C Analysis -> 0% Biosourced carbon

Individuals - PCA

Sugarcane Origin

14

Cim2 (33%)

, 822390
L]

822389
L

Manioc Origin
14C Analysis -> 100% Biosourced carbon

822399
=

14C Analysis -> 100% Biosourced carbon
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R Origin clusters of 1,3 Butylene Glycol via
: EA-C/P-IRMS (13C, 2H and 180)

OH

E .-.3.2239? HO/\/I\CH3

Biotech origin
(Enzymatic Hydrolysis from a corn & wheat starch extract)
14C Analysis -> 100% Biosourced carbon
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ANALYTICAL STRATEGIES OF AUTHENTICATION

ASSESSMENT OF RADIOCARBON ACTIVITY

Radioactive activity is measured in disintegrations per minute and per
gram of carbon (dpm/g).
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ANALYTICAL STRATEGIES OF AUTHENTICATION

ASSESSMENT OF RADIOCARBON ACTIVITY - STUDY CASES

DECETH-3

from 6 SUDD”GFS EVALUATION OF RENEWABLE CARBON AMOUNT IN DECETH-3
THEORICAL CALCULATION FROM ORIGIN DECLARATION & CHEMICAL COMPOSITION

The Deceth-3 is synthesized from
renewdable alcohols and fossil

oxyethylene moiety. We evaluated

at 63 percent rate of renewable Suppliers A, B,C, D, E
carbon.

The rate of fossil carbon measured

for suppliers A,B,C,D,E are DECETH-3

consistent with the calculated . )

values. CH;(CH,) ,~(-(CH,CH,0),H

The rate of renewable carbon of
two batches of DECETH-3 of
Supplier F is not consistent with
expected value. The fatty alcohol
is essentially fossil. This commercial Supplier F
reference is not conform to their
declaration of origin.

10 C, 6 C;

The commercial reference from
supplier F is not conform to their

I_’OREAL declaration of origin
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ANALYTICAL STRATEGIES OF AUTHENTICATION

SYSTEMATIC PROCESS

Development of a systematic process that reduces analysis times and allows for the selection of the most
appropriate analytical method.

COMPOSITION CHARACTERISTICS TYPE OF AUTHENTICATION

ANALYTICAL STRATEGY
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ANALYTICAL STRATEGIES OF AUTHENTICATION

SYSTEMATIC PROCESS

Development of a systematic process that reduces analysis times and allows for the selection of the most
appropriate analytical method.

COMPOSITION CHARACTERISTICS

Matrix complexity?

Volatile compounds?

Non-volatile compounds?

4 )
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ANALYTICAL STRATEGIES OF AUTHENTICATION

SYSTEMATIC PROCESS

Development of a systematic process that reduces analysis times and allows for the selection of the most
appropriate analytical method.

TYPE OF AUTHENTICATION ANALYTICAL STRATEGY

NATURAL ORIGIN Measurement of radiocarbon activity

Residual impurities, markers of origin

Other origins _ _ .
Examples: Botanical, animal, geographical, Enantiomeric ratios

process, fraud

Stable isotopes
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SYSTEMATIC PROCESS APPLICATION

EXAMPLE OF MANDARINE SAMPLE

/\/olatile Composition (GCxGC-FID/TOFMS)

Identification of orange oil natural markers and abnormal high / low concentration of specific compounds

Valencene Absence of delta 3 carene & valencene in a genuiness mandarin oil

Addition of orange oil

k Delta 3-carene

Chiral Ana|ysis (Enantio M[)GC) AUTHENTIC  AUTHENTIC AUTHENTIC COMMERCIAL
. . . . . : . ORANGE LEMON MANDARINE MANDARINE
Abnormal enantiomeric ratios, including the inversion of beta pinene

(+)-B-Pinene 54.0% - 61.0% 4.30% - 6.76% 94.76% - 98.48% 5.62%
_ B-Pinene (R)(+) Beta pinene enantiomeric ratio indicative of lemon oil addition
Addition of lemon oil
K B-Pinene (S)(-)

AN

/ . AUTHENTIC PETROCHEMICAL COMMERCIAL
Stable Isotope Ratios (GC-IRMS) o [ MANDARINE

Compound specific isotope ratios 63C and 6°N of MNMA indicative of a petrochemical origin = §3¢ yyua  -32.6%o0 — -29.5%o -30.7%o — -37.9%o -36.9%o

AN

0 6N mnma  3.7%0—4.7%0  -7.45%0—0.6%0  -9.5%o
do/ Methyl
N-methylanthranilate .y . . .
S H/ (MNMA) Addition of petrochemical origin compounds
LOREAL CONCLUSION: Not a genuineness mandarin oil
RECHERCHE H' H H H
S NNOVATION Recomposition with lemon and orange terpenes + synthetic materials (VINMA) -
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CONCLUSION & PROSPECTS

ANALYTICAL STRATEGY RECAP

Establishing a systematic process to guide the choice of the best analytical strategy
Time savings
Gain in efficiency and results

Authentication can only be performed using an internal database that includes authentic samples from multiple
sources.

Authentication isn't just about analytics.
Sourcing and purchasing departments can obtain information to confirm origin or raise doubts.

L'OREAL
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