STUDIA UNIVERSITATIS BABEŞ-BOLYAI, PHYSICA, SPECIAL ISSUE, 2001

STELA CUNA, C. CUNA, GABRIELA BALAS, FILOFTEIA GAFTOI

THE ASSESSMENT OF THE QUALITY OF THE FOOD  BY 13C ISOTOPE RATIO MASS SPECTROMETRY


THE ASSESSMENT OF THE QUALITY OF THE FOOD  BY

 13C ISOTOPE RATIO MASS SPECTROMETRY

STELA CUNA*, C. CUNA*, GABRIELA BALAS*, FILOFTEIA GAFTOI**
*INCDTIM Cluj-Napoca

**Geological Institute of Romania, Bucuresti

Introduction


Natural abundance of stable isotopes is an important source of information on each chemical species because, the isotopic content of a given molecule depends on its origin and the history of the processes involved. The isotopic fractionation of those elements in the environment, follows complex patterns which allow correlation to be established between the final products (juice, wine, honey) and raw materials (water and CO2) from which they have been biosynthesized [1]. Low cost sweeteners, artificial or natural flavorings, citric acid and water can be added to fruit concentrates simulating natural juices. Pure honey is also a relatively expensive food that can be adulterated by mixing it with the much cheaper high fructose corn syrup. Adulterants such as simple sugar solutions can be detected by chemical analysis. More sophisticated sweeteners like high fructose corn syrup are difficult to detect by chemical analysis or by chromatographic tests. Isotope ratio mass spectrometry of carbon and, to a lesser extent of hydrogen and oxygen is a technique for the detection of adulteration or establishment of authenticity in food products [2].

The theoretical base of the method


The method is based on different isotopic fractionations that appear in two cases:


1.) A molecule may result from a natural or an artificial process. The rate of the natural process is different from the artificial one and this results in different isotopic fractionation. The molecule resulted from a natural process will have an isotopic composition of the 13C and the molecule resulted from a synthetic process will have a different isotopic composition of the 13C.


2.) The natural abundance of 13C in foods is also related to how plant fixes carbon during photosynthesis [3]. Plants using the Calvin cycle are called C3 plants and plants that use the Hatch-Slack cycle are called C4 plants. About 80-90 % of agriculturally cultivated plants belong to the C3 group.  Plants that use a Calvin cycle discriminate against 13C more than plants with a Hatch-Slach cycle. The 13C content of the C3 plants varies between -35‰ and -22‰ while the same parameter of the C4 plants varies between -20‰ and -8‰. Targets of adulterations (honey, fruit juices, high commodity oils) use the C3 plants. The adulterators such as high fructose corn syrup, cane  sugar and corn oil use the C4 plant product.

Analytical technique and results


Carbon must be converted to CO2 for stable 13C/12C isotope ratio measurements [4]. The organic carbon in a sample was converted to CO2 gas through the dry combustion method. 
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The materials required were: quartz tube, CuO wire, Cu wire, Ag foil, Pt wire, Cajon metal fittings, muffle  furnance and vacuum manifold for separation of CO2 gas (Fig.1)

Fig. 1 Vacuum system for isolation and purification of CO2

P     - preliminary pump

D    - diffusion pump

1-7  - valves

a,b   - sample bulls

I, II - traps

8     - vacuum gauge
9     - quartz tube


The organic material are placed in the quartz tube with the CuO wire, Ag foil, Cu wire and Pt wire. The tube is attached to the vacuum manifold via a Cajon fitting and evacuated to remove air and water from the sample and then sealed it. The sample tube  is then combusted in a muffle furnance to 500º C for 1/2 hour and then heated to 850 ºC for 2 hours. After combustion, the tube is attached to a vacuum manifold and cracked to release the combustion gases. The CO2 gas is cryogenically separated and purified and then collected in a sample bulb.


The CO2 gas was analysed with a mass  spectrometer for isotope ratio analysis. The method was used for the detection  of a synthetic flavor from a natural one, namely the bitter almond natural oil and the synthetic benzaldehide (C7H6O), the natural bergamot mint oil (linalyl acetate-C12H20O2), the natural acetic acid and the synthetic acetic acid (C2H4O2).

There is a great difference between the C3 plant ( -25,92 ‰ and - 29.62 ‰ ) and the C4 plant ( - 13.68 ‰ ). There is also, a difference between the natural and synthetic molecules ( -23.13 ‰ versus  - 13.68 ‰).


The precision of the methode was  ±0.4 ‰. For sample sizes ranging between 3 (l  and 8(l, the linearity was very good.

The results are  show in the Table 1:

Sample
(13C ‰

synthetic                                        natural

benzaldehide
-23,24
-25.92

acetic acid
-23.13
-13.68

linalyl acetate
-
-29.62

Conclusions


13C analysis is a key analytical technique used to detect undeclared addition of low cost adulterants to high value foods. We developed a method for the analysis of the 13C isotope content in organic samples. The organic  samples conversion to CO2 was accomplished by combustion in an oxygen excess and the isotopic content of 13C in CO2 was measured by mass spectrometry. The precision and linearity of the method were tested was used for the detection of a synthetic flavour from a natural one.
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