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Stable Isotope Analysis of Food
Since over 35 years the analysis of non-radioactive isotopes is a proven way to
detect adulteration of food. The different discrimination of isotopes caused by kinetic
and thermodynamic effects result in characteristic isotope distributions of specific
food ingredients (s. Fig.1). Thereby the determination of the δ2H value of
carbohydrates represents a particular challenge. The reason for that is a possible
deuterium hydrogen exchange of the respective hydroxyl groups with the solvent
which may give false results. Krueger suggested the measurement of nonexchangeable, carbon-bonded protons (s equation.) via oxidative conversion to
formic acid, followed by the precipitation to realize the calcium formate [1]:
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Figure 1: Selection of δ2HSMOW / δ13CPDB values of various plants
(-Ingredients) and substances [2] (PDB: Peedee Belemnite; SMOW:
Standard Mean Ocean Water;

Cavity Ring-Down Spectroscopy
The Cavity Ring-Down Spectroscopy (CRDS) is a highly sensitive absorption
spectroscopy method. The used CRDS analyzer (Picarro B2221-i) in connection with a
combustion module (CM) allows the simultaneous determination of δ13C and δ2H values
from carbon dioxide and water which are released during the combustion of the sample.
For this purpose, the light of a diode laser is coupled in an optical cavity with 3 highly
reflective mirrors. The energy of the laser increases through constructive interference
until it reaches a threshold (s. Fig.2). After switching off the laser the intensity of the
transmitting laser light exponentially drop by reflection losses and is measured as a
function of time ("ring-down"). In the presence of gas molecules the ring down shortens
due to the absobence of vibrational-rotational transitions in the infrared range. The
calculation of the concentrations of excited molecules is carried out by the determined
decay times, regardless of the absolute level of light intensity. The coupled laser light
circulates up to 100,000 times so effective absorption lengths with more than 20
kilometers can be achieved [3].
Figure 2: Functional principle of a CRDS analyzer [3]

Results
The expanded measurement uncertainty (k = 2) of
the isotopic measurement by CRDS / CM using
secondary standards (n = 50) is 0.27 ‰ for δ13C and
2.1 ‰ for δ2H.
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Referring to Figure 3 it can be seen that a significant
differentiation of cane and beet sugar is not only
possible for the δ13C values but also for δ2H.
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The comparability of the CRDS measurement to the
classic IRMS determination is shown for the δ13C
values of sugar in fruit juices according to ENV
12140: 1996 in Table 1. The CRDS analysis are well
below the reproducibility limit of the method
(R = 0.6 ‰).
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Table 1: δ13CV-PDB [‰] values of the sugar content of fruit
juices according to ENV 12140: 1996 by CRDS compared to
a classical IRMS determination with a reproducibility limit
R = 0.6 ‰.
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Figure 3:
- and
values of the
synthesized calcium formate of cane and beet sugar.
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In 1988 a new spectroscopic absorption measurement technique called Cavity Ring-Down Spectroscopy
(CRDS) was introduced by O'Keefe and Deacon. The CRDS allows the measurement of stable isotope
because of its very high sensitivity. Contrary to the currently common spectroscopic methods it is a robust
and cost-effective alternative. The GfL - Gesellschaft für Lebensmittel-Forschung mbH in Berlin will use
this type of stable isotope analysis to verify the authenticity of foods especially for fruit juice. This will
require a lot of new and exciting development approaches.

The cavity ring-down spectroscopy uses an optical resonator consisting of two highly reflective mirrors in
which the light of a laser is reflected back and forth. The decay rate of the laser light with and without
analyte is measured against the time to determine its related concentration. On the one hand the
determination of the cavity ring-down time makes the measurement independent of fluctuations in
intensity of the light source, on the other hand effective absorption lengths up to 20 km can be achieved.

This leads to a very high sensitivity of the cavity ring-down spectroscopy over other direct absorption
spectroscopy methods. The determination of very small absorption coefficient allows the measurement of
stable isotopes such as 12C / 13C or D / H in form of carbon dioxide or water in the gas phase.

The potential of the stable isotope analysis in food chemistry lies in examining the authenticity, therefore
the detection of origin and adulteration of food. The GfL - Gesellschaft für Lebensmittel-Forschung mbH
as a proven and well established specialist in the analysis of fruit juices aligns its primary research
approach to the falsification of juices by extraneous water, and the addition of acids and sugars of any
botanical origin. First results predict the high potential of CRDS. It could be shown that it is possible to
distinguish between cane and beet sugar and that the measured values of carbon isotopes by CRDS are
similar to classic Isotope Ratio Mass Spectroscopy.
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