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SUMMARY. SIRA of carbon has developed rapidly into a powerful analytical technique in food industry. An isotopic analysis of (13C frequently will provide valuable information about the source (sources) of the carbon.

Carbon SIRA has found broad applications in the fruit juice industry where isotopic standards of identity are firmly established for apple juice and orange juice, and guard against the addition of sugars from corn or cane sources. Isotopic standards to assure the quality of honey and pure maple syrup are also well established. Governmental agencies use the standards for detecting fraudulent products, while industry uses the isotopic method for quality assurance.

Introduction

The purpose of the paper is to present through some examples the practical applications of carbon isotope analysis in food industry. Carbon isotope analysis is a powerful tool in monitoring the identity, origin or purity of foodstuff of various types (1(. Most of the isotopic analysis are performed for quality control in the food technology.


Measurement of stable isotopic composition of the lighter elements allows evaluation of food adulteration of natural sweeteners with high fructose corn syrup (HFCS). Is that the product really honey, maple syrup, orange juice, apple juice…etc.? SIRA will tell you.

What`s SIRA? SIRA is the abbreviation of stable carbon isotope ratio analysis.

The overall process of carbon SIRA consists of three stages. The first stage is the selection of the sample or the isolation of the particular compound to be analyzed. The second stage involves the conversion of this compound into CO2 gas. The third stage is the analysis of the CO2 by mass spectrometry (2(.

Carbon SIRA is performed on carbon converted to CO2 form for mass spectrometry. All types of compounds therefore must be converted quantitatively to carbon dioxide for analysis. There has been quite a lot of research related to the different techniques used in the last decade for conversion (1-3(. In our laboratory CO2 was obtained by a microcombustion technique. The samples were loaded into Sn capsules and moved into the quartz tube of an elemental analyzer (NA1500 NCS, Carlo Erba Instruments) where the samples were combusted in a stream of oxygen at 1200(C. The quartz tube was filled with tungstic oxide and CuO where the excess of oxygen was reduced. On the PORAPAQ column the resulting mixture of combustion gases were separated (due to the different retention on the column). The CO2 obtained was trapped in an ampoule at liquid nitrogen temperature. The water resulting from the combustion reaction was absorbed by a MgClO4 trap. CO2 was purified and before connecting the ampoule containing the sample to the mass spectrometer a gas pressure adjustment was made.

13C to 12C ratio was measured in a McKinney-Nier type mass spectrometer developed in the INR-HAS. The spectrometer has a dual inlet system and triple ion collector (the ion signals are measured simultaneously). The carbon SIRA values are customarily reported with respect to the PDB standard. However the lab utilize our own working standard gas in daily operations.

Generally speaking, the isotopic content of natural molecules is the result of:

· climatic and geographical conditions 

· the photosynthetic metabolism of plants

The ranges of (13C values for the major carbon reservoirs of importance to the food sciences are shown in Fig. 1.:
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Fig.1. Range of carbon isotope variations in selected carbon cycle reservoirs

The largest reservoir of carbon is the ocean, where it occurs primarily as dissolved carbonate and bicarbonate. The average (13C value of the total carbon in the ocean is about 0 ‰ on the PDB scale.

The isotopic ratio (13C/12C), measured by the isotopic ratio mass spectrometry, can be used to discriminate between plants of different photosynthetic metabolism of CO2. Each metabolic group can be characterised by a different isotopic deviation of (13C. The following metabolic groups can be differentiated: C3, C4 and CAM (4(.

The (13C values found in C3 plants range from about –22 ‰ to about –35 ‰, while carbon from C4 plants are somewhat heavier, ranging from about –8 ‰ to about –20 ‰ (3-5(. Values for CAM plants, which use features of both the C3 and C4 pathways, spread throughout most of the ranges of values found for C3 and C4 plants. Pineapples and cactus are notable examples of CAM plants. 

Avoiding the biochemical fractionation of carbon isotopes during photosynthesis, one thing has to be mentioned: depending on the different ways of fixing CO2 green plants are using more or less energy and are more or less efficient in its utilization of the available atmospheric carbon dioxide (5-6(.

Carbon SIRA in food technology

The vast economic size of the market for food offers great temptations for the production and sale of fraudulent products, adulterated products and synthetic products that are labeled as natural ones. Conventional techniques of chemical analysis have served the food industry well for many years but are limited in their ability to detect certain types of fraudulent or mislabeled products. The aversion to added sugar and the demand for "all natural" food products among consumers has led to a great deal of mislabeling on the part of food processors in order to achieve greater economic gain.

The nature of deceptions detectable by carbon SIRA in food technology falls into three broad categories. The most common is the adulteration of an expensive natural product, such as apple juice, with a much cheaper natural product such as cane sugar or high fructose corn syrup (HFCS). The second is outright falsification of a food. An example is maple syrup produced by simple addition of maple flavoring to a sugar syrup or HFCS. The third general category is the sale of synthetic materials as natural ones or the addition of synthetic materials to natural ones in order to increase the volume of the product. The procedure for using carbon SIRA in monitoring food products involves two stages. It must first be established that the product to be analyzed, or some specific component of it, has a particular isotopic composition that can be distinguished from that of the materials that might be used to adulterate it. Potential adulterating components are then analyzed to establish their isotopic identity. The carbon SIRA method cannot, in general, be used to establish purity unequivocally but it can be used to establish impurity or adulteration with a high degree of success.

Most of the well-established carbon SIRA procedures, which have found application in food science, are related to the substantial isotopic difference between products formed by C3 or C4 photosynthesis. An increase in the isotopic deviation of the 13C of the ethanol produced by the fermentation of sugars from a fruit juice (C3), leads to the conclusion that cane or corn sugar (C4) has been added. 

In Table 1. some products of the food industry are presented together with their source, number of analysis performed and the carbon isotope composition found:

For regulatory purposes the official Association of Official Analytical Chemists (AOAC) set a conservative limit of carbon isotope composition as a proof of adulteration (7(.


The clear-cut isotopic standard of identity for 100% pure maple syrup was traced at –24 ‰ with a standard deviation of less than ( 1 ‰.


The standard of identity of apple juice with respect to carbon isotope composition was set at the value of –25.4 ‰ ( 1.2 ‰ (adulteration limit accepted –23.5 ‰)

Table 1. 

Carbon isotopic analysis of different food products

Material
Source 

(plant type)
No. of analysis
Average (13C 

(‰)
Standard deviation (‰)

C3





Maple syrup

20
-24.0
(0.2

Apple juice

20
-25.4
(0.2

Orange juice

10
-25.7
(0.2

Grape juice

10
-27.0
(0.4

Cellulose

5
-24.9
(0.1

Cane sugar  or   HFCS

10
-9.8
(0.2

Subfossilic wood

5
-23.96
(0.2

Vanillin     (CAM)
Madagascar
10
-20.4
(0.2


Java 
6
-18.7
(0.4


Mexico
3
-20.3
(0.1


Tahiti
3
-16.8
(0.2


Synthetic (lignin)
14
-27.4
(0.7


Synthetic (eugenol)
4
-30.8
(0.2


Synthetic (guaiacol)
3
-32.7
(0.4

Citral           (C4)
Lemon grass
3
-11.6
(0.7


Synthetic citral
3
-27.6
(0.5


In case of orange juice (orange which is a C3 fruit and its juice consists almost entirely of fruit sugars with minor amounts of other components) the standard of identity for the isotopic composition was set at –25.7‰ (1 ‰ (the limit for quality assurance purposes is –24.5 ‰).


The isotopic composition of grape juice is of special interest because of the large amount of such juice used in the production of wine and other spirits. The grape juice shows a larger spread of the (13C values than that of most fruit juices, but provide an isotopic standard of identity of –27 ‰ ( 2 ‰. The reason for the somewhat less negative (13C values for grapes is not clear but may relate to the presence of other organic compounds in the juice.


Natural vanillin is derived from a genus of plants using the CAM pathway. Is obtained by solvent extraction from the vanilla beans and is traded as an extract. The synthetic vanillin of identical character to natural can be made from lignin, eugenol (clove oil) or guaiacol (a coal tar distillate) at a much lower price that of natural vanillin. Natural vanillin ranges in (13C from –16.8 ‰ to –20.4 ‰, which is typical for CAM plants, while synthetic vanillins gives values more negative than –26.8 ‰- -32.7 ‰. Any vanillin, which gives a (13C value more negative than –21 ‰ must be considered to have synthetic additives. The different species, growing in different geographical places can be easily distinguished, based upon the different isotopic ratio found (8(.


Citral derived from lemon grass was found to have a C4 composition of –11.6 ‰, while synthetic citral had an isotopic composition of –27.6 ‰.

Honey

HFCS became in the early seventies a widespread used cheap sweetener commonly used in liquid form for honey adulteration because it could not be detected reliably by conventional chemical techniques.

Normally honey is derived from flowering plants, which are almost exclusively C3 in their photosynthetic behavior. HFCS is derived from corn, which is a C4 photosynthetic plant.

In Table 2. the result of carbon isotope ratio analysis of 30 honey samples originating from different parts of Hungary were presented:

Table 2. 

Carbon isotopic analysis of honey samples from Hungary

Material
No. of analysis
Average (13C (‰)
Standard deviation (‰)

C3




Honey
30
-24.4
(0.1

Cane sugar  or   HFCS
10
-9.7
(0.2

The samples represent all commercially important honey sources and all geographical regions in Hungary. We analyzed 10 HFCS samples, as well. Statistical analysis of the pure honey data indicated that the (13C of honey showed a coefficient of variation of only 3.86 %, which was the smallest variability yet encountered for any constituent or physical property of honey.

A histogram of (13C analysis of commercial honey samples submitted to our laboratory is presented in Fig.2.:
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Fig.2. Carbon isotopic analysis of pure honey and HFCS

It is especially interesting that the distribution of data suggests fixed levels of adulteration. The histogram shows pronounced abundance peaks at 30, 50, 75, 90% adulteration. It seems reasonable that fraudulent addition of HFCS would be done according to a simple mathematical formula and such indeed seems to be the case.

Although this procedure of detecting corn or cane sugar adulteration of honey was validated and adopted in 1977 as an official method, the wide range of values found for pure honey (mean –25.4 ‰ range –22.5 ‰ to –27.4 ‰) produces a considerable area of uncertainty within which no positive judgment can be made about purity without other testing.

For regulatory purposes the method for detecting HFCS in honey set a conservative limit of (13C = -21.5 ‰ as a proof of adulteration.

The need for improved testing became apparent. To eliminate these difficulties a new procedure was developed in which each of the honey samples provided its own natural internal standard. The purity of the honey sample is judged by the difference between the isotope ratio value of the whole honey sample and the isotope ratio value of its separately prepared protein fraction. This principle was proposed by Parker and was further examined by Bricout and Koziet (9-10(.

A candidate component for this approach should be a normal constituent, present in sufficient quantity and easily isolated. The most abundant constituent in honey after the sugar, oligosaccharides and gluconic acid is the protein, which averages 169 mg/100 g and ranges from 58 to 786 mg/100 g (11(. It originates largely from the honeybee.

The procedure consists in diluting a known amount of honey in distilled water adding sodium tungstate solution and sulphuric acid to precipitate proteins. The centrifuge tube is immersed in a 80(C water bath until visible flocculates form (10-15 min). The sample is centrifuged 5 min at 1500 rpm, decant the supernate and wash pellet 5 times with water. After drying the protein at 75(C for 24 h, the protein samples are weighted into Sn boats, combusted and measured the (13C by the same method used for honey.

The apparent corn/cane sugar content might be calculated as follows:

Adulteration (%) = 100* ((13C protein – (13C honey) / (13C protein – (-9.7)

reporting negative values for % adulteration as 0%. –9.7 ‰ is considered the mean (13C value of HFCS. The method permits the objective evaluation of possible adulteration especially in case of small quantities of corn/cane sugar (7-20%).


Whether the apparent corn/cane content of samples are result of their deliberated addition by the producers or is resulted from feeding sugar in the absence of a nectar flow is not addressed here.
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