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1. Isotopes and isotopomers

2. The different isotopic parameters

3. Stable isotope enrichment or isotopic distribution
3.1. Carbon-13 
3.2. Deuterium (2H) and Oxygen-18
3.3. Nitrogen 15
3.4. Sulphur 34

4. Isotopic fractionation linked to manufacturing processes 
of flavourings

5. Isotopic analysis techniques
5.1. Isotopic Ratio Mass Spectrometry (IRMS)
     5.1.1. Elemental analyser (EA-IRMS)
     5.1.2. Coupling with gas chromatography (GC-c/p-IRMS)
5.2. Nuclear Magnetic Resonance

6. Application of isotope analysis to vanillin

7. Isotopy and regulatory compliance
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Element Stable 
Isotopes

Natural Abundance in 
Average (in %)

Hydrogen
1 H 99.9844

2H (or D) 0.0156

Carbon
12C 98.891
13C 1.108

Oxygen

16O 99.759
17O 0.037
18O 0.204

Nitrogen
14N 99.635
15N 0.365
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2.The different isotopic parameters2.The different isotopic parameters
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Element Molecule Name Origin NA (ppm) R (ppm)

Carbon CaCo3
PDB  

(Pee Dee Belemnite)
South carolina  

limestone 11112.33 11237.2 (±2.9)

Hydrogen H2O
V.SMOW  

(Vienna Standard 
Mean Ocean Water)

Blend of  
ocean waters 155.74 155.76 (±0.05)

Oxygen H2O V.SMOW Blend of  
ocean waters 2001.2 2005.2 (±0.43)

Nitrogen N2 Air Atmospheric nitrogen 3663 3676.5 (±2.9)
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Regarding typical values, C3 plants have a δ13C deviation between - 33‰ and -20‰ on average.  
For C4 plants, this value is between -14‰ and -9‰. Thus, each natural substance has a characteristic 
isotopic deviation (Figure 2). Consequently, being able to measure the carbon isotopic ratios (13C/12C) of 
a molecule with sufficient accuracy enables us to trace it back to the primary metabolism of the plant 
that produced it. Using ad hoc databases, isotopes can be used as a genuine tracer of botanical or geo-
graphical origins and can also be used to differentiate between molecules according to the natural or 
synthetic origin of the carbon atoms they contain.
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At European level, Regulation (EC)  
No 1334/2008 sets out the regulatory re-
quirements for flavourings and certain 
food ingredients with flavouring properties. 
The regulatory compliance of natural- 
status flavourings is multifactorial, as  
detailed in the document entitled "Analy-
tical controls and regulatory compliance 
of natural flavourings" written by the P3A 
platform. 

Determining the relative abundance of 
certain stable isotopes provides rele-
vant clues about the origin of flavouring 
ingredients. In particular, it can be used 
to distinguish a natural molecule from 
a synthetic molecule (produced by the  
petrochemical industry). In the case of 
natural molecules, isotopic analysis can 
be used to trace the botanical and geo-
graphical origin of a compound.

For flavouring ingredients, isotopic analy-
sis of 13C and 2H are the most widely used. 
The D/H ratio is more difficult to interpret 
but can reveal the use of production/ 
synthesis processes that do not com-
ply with Regulation (EC) No 1334/2008.  
Isotopic analyses can sometimes reveal 
inconsistencies with the manufacturing 
process indicated by the supplier, while 
concluding that a molecule is of natu-
ral origin. It is essential to have a solid  
database, as this is essentially a compa-
rative analysis. 
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https://www.sniaa.org/files/industries/2022/10/P3A-Controles-analytiques-et-conformite-reglementaire-des-aromes-Octobre-2022.pdf
https://www.sniaa.org/files/industries/2022/10/P3A-Controles-analytiques-et-conformite-reglementaire-des-aromes-Octobre-2022.pdf
https://www.sniaa.org/files/industries/2022/10/P3A-Controles-analytiques-et-conformite-reglementaire-des-aromes-Octobre-2022.pdf
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