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Agroisolab GmbH

Stable-Isotope-

Analysis

The analytical verification of 

authenticity



Agroisolab.

Our history
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2008 Winner of the innovation award (region Aache):

„Aktive Markierung von Lebensmitteln und Bedarfsgegenständen mit Hilfe stabiler Isotope“

Accredition of the laboratory2006

Best Practice Award, NRW2003

Technology Award of the Research Centre Juelich2002

Collaboration Award of NRW2002

Founding of Agroisolab GmbH (spin off from the Research Centre Juelich)2002

More than 150 different databases

- Agricultural, chemical products, commodities

- 12 Isotopic mass spectrometer (biggest in EU) 

- ICP-MS, DART-TOF Profiling

2021
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Agroisolab.

Our core competences.

 Origin: Verification of the geographic origin of goods, e.g. food, drinks, 

commodities, timber and cotton / textiles (2022)

 Adulteration: Detection of adulterants in food and drink products (e.g. sugar, 

water addition)

 Organic Farming: Verification of consistency with organic farming methods

 Authenticity: Verification of synthetic and natural compounds (e.g. vanillin)

 Biobased carbon: Quantification of the percentage of biobased / fossil 

carbon in e.g. bioplastics, fuel, stack gas

 Active System: Marker systems (stable isotopes)

 Research: Project development e.g.

new tracking tools: Ukraine grain project 

(UK funded: Detection of the stolen grain in the global market)



Agroisolab.
Official ivory database: http://ivoryid.org

http://ivoryid.org/
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Agroisolab.
Our analytic tools.

Different distribution and pattern 

Not radioactive

Found in all nature, but very little

Stable isotopes in Elements

-> Perfect physical tracking tool

Heavy variants of the elements

Bowen J., Geology, 4, 315-318

Water

D/H 18O/16O
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Agroisolab.
The stable isotopic scale.

Kinetic fractionation
• incomplete processes, e.g.

1. distillation

2. diffusion

3. chemical reactions

Complete processes, no fractionation !!
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-10 [‰] steam

oceand18O = 0,0 [‰]

-3 [‰] rain

-13 [‰] steam

-5 [‰] rain

- 18 [‰] steam

 Heavy water H2
18O in rain falls earlier than normal (light) water (H2

16O).

 Therefore, coastal areas show a higher proportion of heavy H2
18O than 

continental regions.

Agroisolab.

Basic principles.
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Agroisolab.
AIL - Egg database of the European egg producer: d2H(water)

n>2000
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Agroisolab.
Example: Isotopic water signatures in various products

Pork database of the British pig industry German asparagus database

Italian tomato database of German retailers

Overview: 

W. Meier-Augenstein,2010

USA hair database of citizens
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Country level:

The D/H (hydrogen) and 18O/16O (oxygen) 

ratios depending on the water / rainfall cycle 

could differentiate a wide region.

Regional level:

The 13C/12C (carbon), as a 

climate and 87Sr/86Sr 

(strontium) as a geological 

parameter could differentiate 

a closer region.

Local / soil level:

The 34S/32S (sulfur) and 15N/14N (nitrogen) 

as geological parameter reflect the local soil.

Agroisolab.
Stable isotopes – Principle to track the origin
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Official laboratories are using 

stable isotopes to check the 

origin of food.

Agroisolab.
Stable isotopic databases in Europe

Example of isotopic databases:

• European wine database 

Commission Regulation No.  822/97

• German asparagus database (AIG)

• English pork database (BPEX, AIG)

• English beef database (FERA)

• European egg database (KAT, AIG)

• vinegar database (DIN 16466)

• Ivory database (BFN, AIG)

• SGF (fruit) database

Oldenburg

Berlin

Muenster

Wuerzburg

Muenchen

Freiburg



Agroisolab.
Stable isotopes – information in detail. 

Water

D/H 18O/16O

Fertilisation 15N/14NGeology / soil 

87Sr / 86Sr 34S / 32S

Species / climate

13C/12C

History

15N/14N34S/32S
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Agroisolab
Origin check of rice using COHNS (Discriminant analysis)

from \ to Guyana India/Pakistan Italy Spain Surinam Thailand USA Total % correct

Guyana 4 0 0 0 0 0 0 4 100,00%

India/Pakistan 0 29 3 0 0 1 0 33 87,88%

Italy 0 0 13 0 0 1 0 14 92,86%

Spain 0 1 1 22 0 0 0 24 91,67%

Surinam 0 0 0 0 3 0 0 3 100,00%

Thailand 0 5 0 0 0 11 0 16 68,75%

USA 0 0 0 0 0 0 42 42 100,00%

Total 4 35 17 22 3 13 42 136 91,18%



Agroisolab

Mainstream trend

towards regional 

Food
European Food 

Information Regulation: 

1169 / 2011 

European Regulation 

1151/2012 

(Protected designation of origin

- PGO / protected geograpical

indication – PGI)

Latest regulation

Verification of the regional origin

The aim:

Is it possible to

check the origin of

regional food with

stable isotopes

Verbrennungs-

kohlendioxid 

D/H

18O
13C

15N
34S

87Sr

Origin



Agroisolab

Authentic samples:

• wheat: 99 (x4)samples

• potatoes: 67 (x4) samples

• carrots:                   21 (x4) samples

• apples: 49 (x4) samples

• pork: 67 samples

• beef: 34 samples

• eggs: 38 samples

• milk: 99 samples

• soya: 11 samples

The samples

485 samples



Field differentiation of apples using COHNS isotopes

Agroisolab.
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Agroisolab

8 %

Products 
Number 
of test 
samples 

Origin Right Evaluation 
 

Wrong Evaluation  
 

  Germany 
(incl. Hessen) 

Foreign 
countries 

Right 
positive 

Right 
negative 

 False 
positive 

False 
negative 

 

    total total % total total % 

Eggs 6 5 1 4 2 100 0 0 0 

Apple 9 9 0 9 0 82 0 1 8 

Milk 5 5 0 3 1 80 1 0 20 

Beef 3 3 0 0 2 67 0 1 23 

Potatoes 17 12 5 6 5 65 3 3 35 

Pork 4 5 0 1 1 50 0 2 50 

Carrots 7 4 3 1 2 43 1 3 57 

Wheat 9 8 1 (Luxemburg) 0 4 44 0 5 56 

 

1. from Hessen ?2. from declared postalcode ?
Products 

Number 
of test 
samples 

Origin Right Evaluation 
 

Wrong Evaluation  
 

  Hessen Germany 
(foreign 
countries) 

Right 
positive 

Right 
negative 

 False 
positive 

False 
negative 

 

    total total % total total % 

Eggs 6 6 2 4 2 100 0 0 0 

Beef 4 4 0 2 2 100 0 0 0 

Pork 3 3 0 2 1 100 0 0 0 

Milk 16 16 0 7 5 75 0 4 25 

Carrots 8 8 0 1 5 75 1 1 57 

Potatoes 20 17 3 6 6 60 1 7 40 

Wheat 10 8 2 5 1 60 0 4 40 

Apples 13 13 0 5 2 54 2 4 46 

 

Products 
Number 
of test 
samples 

Origin Right Evaluation 
 

Wrong Evaluation  
 

  Hessen Germany 
(foreign 
countries) 

Right 
positive 

Right 
negative 

 False 
positive 

False 
negative 

 

    total total % total total % 

Eggs 17 14 3 7 10 100 0 0 0 

Beef 3 2 1 1 2 100 0 0 0 

Pork 6 3 3 2 4 100 0 0 0 

Apples 11 11 0 5 6 100 0 0 0 

Milk 18 18 0 10 7 95 0 1 5 

Wheat 12 12 0 7 4 92 0 1 8 

Potaotes 20 17 3 6 12 90 0 2 10 

Carotts 4 3 1 1 2 75 0 1 25 

 

from the farm ?

5 %0 %

n=60n=81     n=90     

Results of the blind test (Fibl)

Applications to track back 

to the local origin are

available



Agroisolab
Estonia project (2020 to 2022):  Sampling points 2022



Agroisolab
Estonia project: 2021-2022: Sampling points in detail (farm level)

Close local sample collection

Only regional collection



Agroisolab
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Estonia project: local / field differentiation (2022) with isotopes

from / to 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 total
% 

correct
1 2 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 3 66,7%

2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 100,0%

3 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 100,0%

4 0 0 0 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 66,7%

5 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 100,0%

6 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 100,0%

7 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 100,0%

8 0 0 0 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 66,7%

9 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 3 100,0%

10 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 3 100,0%

11 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 3 100,0%

12 1 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 3 33,3%

13 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 3 100,0%

14 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 3 100,0%

15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 3 100,0%

16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 3 100,0%

17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 3 100,0%

18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 3 100,0%

19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 3 100,0%

20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 3 100,0%

21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 100,0%

22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 100,0%

total 3 2 3 3 3 3 4 2 4 3 3 2 3 3 3 3 3 3 3 3 2 3 64 92,2%

+ elements:Rb, U and Sr

In use:

SPECTRO XEPOS energy

dispersive X-ray fluorescence

(ED-XRF) spectrometer



Agroisolab
Estonia project: local / field differentiation over two years: 2021-2022
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12 (Obs) 13 (Obs) 14 (Obs) 15 (Obs) 16 (Obs) 17 (Obs) 18 (Obs) 19 (Obs) 20 (Obs) 21 (Obs) 22 (Obs)

from / to 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 total % correct

1 2 0 0 0 0 0 1 0 0 0 0 0 0 0 2 0 1 0 0 0 0 0 6 33,3%

2 0 3 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 60,0%

3 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 100,0%

4 0 1 0 2 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 6 33,3%

5 0 0 0 0 4 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 6 66,7%

6 1 1 0 0 0 3 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 6 50,0%

7 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 100,0%

8 0 0 0 0 1 0 0 3 0 0 1 0 0 0 0 0 1 0 0 0 0 0 6 50,0%

9 0 0 0 0 0 0 0 0 3 0 0 2 0 0 0 1 0 0 0 0 0 0 6 50,0%

10 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 6 100,0%

11 1 0 0 0 0 0 0 0 0 0 4 0 0 0 0 1 0 0 0 0 0 0 6 66,7%

12 0 0 0 0 1 0 0 0 1 0 0 0 1 2 0 0 0 1 0 0 0 0 6 0,0%

13 1 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 6 83,3%

14 0 0 0 0 0 0 1 0 0 0 0 3 0 2 0 0 0 0 0 0 0 0 6 33,3%

15 0 0 0 0 0 0 0 0 0 0 0 0 1 0 5 0 0 0 0 0 0 0 6 83,3%

16 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 5 0 0 0 0 0 0 6 83,3%

17 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 4 0 0 0 0 0 6 66,7%

18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 6 100,0%

19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 3 100,0%

20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 3 100,0%

21 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 2 50,0%

22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 1 3 33,3%

total 5 5 6 2 7 5 8 3 4 6 8 5 10 5 8 7 6 9 4 3 1 1 118 65,25%

Close local sample collection

Only regional collection



Agroisolab
Estonia project: statistic overview

Water

D/H 18O/16O

Tissue Water
18O 2H

Organic 18O 2H



Agroisolab
Estonia project: statistic overview

Species / climate

13C/12C

Fertilisation 15N/14N

Geology / soil 

87Sr / 86Sr 34S / 32S



Agroisolab
Estonia project: regional overview – isoscapes: d18O and d2H in organic (Kernel)

Water

D/H 18O/16O

2020

2022

2021



Agroisolab

Species / climate

13C/12C 2022

2021

2020

Estonia project: regional overview – isoscapes: climate



Agroisolab
Estonia project: regional overview – isoscapes: fertilizer

2022

2021

2020

Fertilisation 15N/14N



Agroisolab
Estonia project: regional overview – isoscapes: fertilizer

2020

2021

2022

Geology / soil 

87Sr / 86Sr 34S / 32S

Highly comperable

patterns over the

years!



Agroisolab
Estonia project: country overview – isoscapes: Sulfur



Agroisolab
Estonia project: country discrimination: All references from 2020 to 2022

Estonia

Finland 
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Lithuania
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from \ to Estonia Finland Latvia Lithuania Poland Spain total % correct

Estonia 159 2 4 0 3 0 168 94,64%

Finland 2 0 0 0 0 0 2 0,00%

Latvia 9 0 2 0 1 0 12 16,67%

Lithuania 5 0 2 0 0 0 7 0,00%

Poland 9 0 0 0 56 0 65 86,15%

Spain 0 0 0 0 0 6 6 100,00%

total 184 2 8 0 60 6 260 85,77%



Agroisolab

Estonia

Finland

Latvia

Lithuania
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country discrimination: isotopes + elements: Bi, Ni, Zn, Si, Mn, Y

2022

from / to Estonia Finland Latvia Lithuania total % correct

Estonia 56 1 1 0 58 96,6%

Finland 0 2 0 0 2 100,0%

Latvia 4 1 3 1 9 33,3%

Lithuania 3 0 2 1 6 16,7%

total 63 4 6 2 75 82,7%
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2021

from / to Estonia Finland Latvia Lithuania total % correct

Estonia 52 0 1 0 53 98,1%

Finland 0 2 0 0 2 100,0%

Latvia 1 0 3 5 9 33,3%

Lithuania 1 1 3 1 6 16,7%

total 54 3 7 6 70 82,9%



Thank you very much for your attention

Agroisolab GmbH

Prof. Rehm Str. 6

52428 Jülich (Germany)

www.agroisolab.de

m.boner@agroisolab.de

Nature ignores border !

http://www.agroisolab.de/

