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SUMMARY 
 
The current Ph.D. work is divided into four main parts. In the first one, the problematic of 
volatile compound preconcentration is dealt with to extend the application range of electronic 
noses (ENs). A review article highlights the advantages of portable equipments such as Solid 
Phase Micro-Extraction (SPME) and Solid Phase Dynamic Extraction (SPDE). Both showed 
comparable efficiencies when applied to the SMart Nose equipment, though the second one 
was less subject to ageing effects. Various canned processed cheese types stored deep frozen 
were tested for several years as control materials for gas chromatography (long term stability 
of volatile compounds in cheese-like matrices). These processed cheeses were then used to 
illustrate the data transferability between two ENs of same type, condition necessary to build 
usable databases for the daily practice.  
In the second part of the work, a screening of a great number of analytical methods was 
carried out to evaluate their potential for the authentication of the geographic origin of 
Emmental cheese. Twenty Emmental samples from six European regions were investigated 
on chemical, biochemical, microbiological, physical and sensory parameters. The most 
promising ones retained for the follow-up of the project were, volatile short-chain acids, 
chloride, pH-value, total nitrogen, 12%-TCA soluble nitrogen, water soluble nitrogen, copper, 
sodium, magnesium, zinc, enterococci, obligate heterofermentative Lactobacilli, Lb 
helveticus, L/D-lactate, succinate, pyruvate, L-leucine-aminopeptidase, δ2H, δ13C, δ15N and 
δ34S isotope ratios.  
In the third part, the selected parameters were measured in 110 winter and 73 summer 
Emmental cheese samples collected in seven European regions, i.e. Switzerland, France 
Savoie, France Bretagne, France East-Central, South Germany, Austria and Finland. The 
analytical data was then processed using multivariate statistical analysis leading to pattern 
recognition and classification according to the geographic origin of the cheeses. Discriminant 
analysis (DA) and artificial neural networks delivered similar results. DA made it possible a 
reduction of the number of factors thanks to stepwise backward elimination. In a model 
including only eleven factors, 95% correct classification in the seven regions was achieved in 
the Jackknifed validation. Five Swiss Emmental samples out of 70 were misclassified. To 
improve the classification of the latters, a model with a pairwise approach (Switzerland vs a 
single foreign region at a time) was proposed. This procedure made it possible to recognise all 
Swiss samples correctly using fifteen parameters. 
In the fourth and last part, a targeted screening was applied to two other cheese types, i.e. 
Raclette and Fontina cheeses. Raclette Suisse® and French Raclette cheese could be easily 
discriminated using the calcium content and the four stable isotope ratios δ2H, δ13C, δ15N and 
δ34S. Fontina PDO is a raw milk cheese. Consequently its alkaline phosphatase content was 
much higher than in the Fontal cheeses, which are industrial imitations manufactured with 
pasteurised milk.  
The last chapter is a guide line dedicated to the Swiss canton chemists for authenticating the 
Emmentaler Switzerland™. It discusses also the risks encountered by the most important 
Swiss cheese types toward mislabelling of origin. 
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ZUSAMMENFASSUNG 
 
Die vorliegende Dissertation ist in vier Hauptteile gegliedert. Im ersten Teil wird die 
Problematik der Vorkonzentration von flüchtigen Verbindungen behandelt, um das 
Anwendungsfeld der elektronischen Nasen (ENs) zu erweitern. Ein Übersichtsartikel hebt die 
Vorteile von tragbaren Ausrüstungen wie Festphasen-Mikroextraktion (SPME) und 
Festphasen-Dynamischer-Extraktion (SPDE) hervor. Beide zeigten eine vergleichbare 
Effizienz in Anwendung mit dem SMart Nose-Gerät, obwohl die zweite weniger anfällig auf 
Alterungseffekte war. Verschiedene, in Aludöschen verpackte und tiefgefrorene 
Schmelzkäseproben wurden über einige Jahre als Kontrollmaterial für die 
Gaschromatographie getestet, um die Langzeitstabilität von flüchtigen Verbindungen in 
käseähnlichen Matrizen zu überprüfen. Diese Schmelzkäseproben wurden dann benutzt, um 
die Datenübertragbarkeit zwischen zwei ENs der gleichen Art zu veranschaulichen, eine 
notwendige Bedingung, um Datenbanken für die tägliche Praxis anwenden zu können. 
Im zweiten Teil der Arbeit wurde ein Screening verschiedener analytischer Methoden 
durchgeführt, um deren Potential für den Nachweis der geographischen Herkunft des 
Emmentaler Käses zu evaluieren. Zwanzig Emmentalerproben aus sechs europäischen 
Regionen wurden auf chemische, biochemische, mikrobiologische, physikalische und 
sensorische Parameter untersucht. In den vielversprechendsten, die für die Fortsetzung des 
Projektes beibehalten wurden, zählen flüchtige kurzkettige Säuren, Chlorid, pH-Wert, totaler 
Stickstoff, 12%-TCA löslicher Stickstoff, wasserlöslicher Stickstoff, Kupfer, Natrium, 
Magnesium, Zink, Enterokokken, obligate heterofermentative Laktobacillen, Lb helveticus, 
L/D-Laktat, Succinat, Pyruvat, L-Leucin-Aminopeptidase, und das Verhältnis der stabilen 
Isotopen δ2H, δ13C, δ15N und δ34S. 
Im dritten Teil wurden die ausgewählten Parameter bei 110 Winter- und 73 Sommer-
Emmentalerproben aus sieben europäischen Regionen (Schweiz, Frankreich: Savoyen, 
Frankreich: Bretagne, Frankreich: Ost-Zentrum, Süden von Deutschland, Österreich und 
Finnland) gemessen. Die analytischen Daten wurden dann mit multivariaten statistischen 
Analysen ausgewertet, die zur Mustererkennung und Klassifikation der geographischen 
Herkunft der Käse führt. Die Diskriminanzanalyse (DA) und künstliche neuronale Netzwerke 
lieferten vergleichbare Resultate. Dabei ermöglichte es die DA, die Zahl der Faktoren dank 
“stepwise backward elimination“ zu verkleinern. In einem Modell mit nur elf Faktoren, 
wurden mit der Jackknifed Crossvalidierung 95% der Proben aus den sieben Regionen korrekt 
klassifiziert. Fünf von 70 Schweizer Emmentalerproben wurden falsch zugeordnet. Um deren 
Klassifizierung zu verbessern, wurde ein Modell mit einer paarweisen Prozedur (die Schweiz 
einzeln gegen eine fremde Region) angewendet. Dies machte es möglich, alle Schweizer 
Proben mit Hilfe von fünfzehn Parametern richtig zu erkennen.  
Im vierten und letzten Teil wurde ein gezieltes Screening an den zwei Käsesorten Raclette 
und Fontina durchgeführt. Raclette Suisse® und Raclette französischer Herkunft konnten mit 
dem Kalziumgehalt und dem Verhältnis der vier stabilen Isotopen δ2H, δ13C, δ15N und δ34S 
leicht diskriminiert werden. Da Fontina GUB ein Rohmilchkäse ist, war die Aktivität der 
alkalischen Phosphatase viel höher als in den Fontal Käsen, bei denen es sich um industrielle 
Nachahmungen aus pasteurisierter Milch handelt.  
Im letzten Kapitel werden Hinweise für die Kantonschemiker zur Beurteilung der 
Authentizität von Emmentaler Switzerland™ gegeben. Es bespricht auch die Gefahren, die 
für die wichtigsten Schweizer Käsesorten gegenüber einer falschen Ursprungsbezeichnung 
angetroffen werden. 
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RÉSUMÉ 
 
La présente thèse de doctorat est divisée en quatre parties principales. Dans la première partie, 
la problématique de la préconcentration des composés volatils est traitée de manière à étendre 
le champ d’application des nez électroniques (ENs). Un article de revue fait ressortir les 
avantages des techniques à équipement portatif telles que la micro-extraction en phase solide 
(SPME) et l’extraction dynamique en phase solide (SPDE). Toutes deux ont montré une 
efficacité comparable avec l’équipement SMart Nose, bien que la SPDE soit moins sujette au 
vieillissement. Divers fromages fondus, conditionnés en capsules d’aluminium et congelés, 
ont été testés durant plusieurs années comme matériaux de contrôle pour la chromatographie 
en phase gazeuse (stabilité à long terme de composés volatils dans une matrice de type 
fromage). Ces fromages fondus ont ensuite été utilisés pour illustrer la transférabilité de 
données entre deux ENs de même type, condition nécessaire pour construire des bases de 
données pour la pratique quotidienne. 
Dans la deuxième partie du travail, un criblage d’un grand nombre de méthodes analytiques a 
été effectué afin d’évaluer leur potentiel pour l’authentification de l’origine géographique de 
l’ Emmental. Vingt échantillons de fromages provenant de six régions européennes ont été 
soumis à des analyses chimiques, biochimiques, microbiologiques, physiques et sensorielles. 
Les paramètres les plus prometteurs retenus pour la suite du projet étaient les acides volatils à 
courte chaîne, le chlorure, la valeur de pH, l’azote total, l’azote soluble dans le TCA à 12%, 
l’azote soluble dans l’eau, le cuivre, le sodium, le magnésium, le zinc, les entérocoques, les 
Lactobacilles hétérofermentatifs obligatoires, Lb helveticus, le lactate L et D, le succinate, le 
pyruvate, la L-leucine-aminopeptidase ainsi que les rapports isotopiques δ2H, δ13C, δ15N et 
δ34S. 
Dans la troisième partie, les paramètres sélectionnés ont été mesurés dans 110 échantillons de 
fromage Emmental d’hiver et 73 d’été collectés dans sept régions, à savoir la Suisse, la 
France/Savoie, la France/Bretagne, la France/Est-central, le sud de l’Allemagne, l’Autriche et 
la Finlande. Les données analytiques ont été traitées par analyse statistique multivariée de 
manière à classer les échantillons selon leur origine géographique. L’analyse discriminante 
(DA) et les réseaux artificiels de neurones ont donné des résultats comparables. La DA permet 
une réduction du nombres de facteurs grâce à une “stepwise backward elimination“. Dans un 
modèle incluant seulement onze facteurs, une classification correcte à 95% selon les sept 
régions d’origine a été obtenue avec une validation croisée de type "Jackknife". Cinq 
échantillons suisses sur 70 ont été mal classés. Pour améliorer ce score, un modèle avec une 
approche par paires (Suisse vs une seule région étrangère à la fois) a été proposé. Ce dernier a 
permis d’identifier tous les échantillons suisses en utilisant quinze paramètres. 
Dans la quatrième et dernière partie, un criblage ciblé a été appliqué à deux autres sortes de 
fromage, la Raclette et la Fontina. La Raclette Suisse® et la raclette française ont facilement 
pu être discriminées grâce au contenu en calcium et aux quatre rapports d’isotopes stables 
δ2H, δ13C, δ15N et δ34S. La Fontina AOC est un fromage au lait cru. Par conséquent sa teneur 
en phosphatase alcaline était nettement plus élevée que celle des fromages de type Fontal qui 
sont des imitations industrielles fabriquées avec du lait pasteurisé.  
Le dernier chapitre propose aux chimistes cantonaux des directives pour authentifier 
l’Emmentaler Switzerland™. On y discute également des risques potentiels auxquels sont 
exposées les principales sortes de fromages suisses quant à une éventuelle tromperie sur la 
déclaration d’origine. 
 

 V



RIASSUNTO 
 
Il presente lavoro di dottorato è suddiviso in quattro parti principali. Nella prima parte è 
discussa, la problematica della pre-concentrazione dei composti volatili, in modo da estendere 
il campo d'applicazione dei nasi elettronici (ENs). Un articolo riassuntivo elenca i vantaggi 
delle tecniche portabili come la micro-estrazione in fase solida (SPME) e l'estrazione 
dinamica in fase solida (SPDE). Ambedue le tecniche hanno mostrato un'efficacia 
comparabile nell’applicazione dell'attrezzatura SMart Nose, benchè la SPDE sia meno 
soggetta agli effetti d'invecchiamento. Diversi formaggi fusi inscatolati e congelati, sono stati 
esaminati durante alcuni anni come materiale di controllo per la cromatografia in fase gassosa 
(stabilità a lungo termine di composti volatili in una matrice tipo formaggio). In seguito, 
questi formaggi fusi sono stati utilizzati per illustrare la trasferibilità dei dati tra due ENs di 
stesso tipo, condizione necessaria allo scopo di stabilire delle basi di dati per l'impiego 
quotidiano. 
Nella seconda parte del lavoro, una scelta di numerosi metodi analitici è stata effettuata per 
valutare il loro potenziale per l'autenticazione dell'origine geografica del formaggio 
Emmental. Venti campioni di formaggi provenienti da sei regioni europee sono stati sottoposti 
ad analisi chimiche, biochimiche, microbiologiche, fisiche e sensoriali. I parametri più 
promettenti, considerati per il seguito del progetto sono: acidi volatili a corta catena, cloruri, 
pH, azoto totale, azoto solubile nel TCA al 12%, azoto solubile nell'acqua, rame, sodio, 
magnesio, zinco, enterococchi, Lactobacilli heterofermentativi obbligati, Lb helveticus, L/D-
lattato, succinato, piruvato, L- leucine aminopeptidasi, rapporti isotopici δ2H, δ13C, δ15N e 
δ34S.  
Nella terza parte, i parametri scelti sono stati misurati su 110 campioni di formaggio 
Emmental d'inverno e 73 d'estate raccolti in sette regioni, Svizzera, Francia Savoia, Francia 
Bretagna, Francia Est-Centrale, Germania del Sud, Austria e Finlandia. I dati analitici sono 
stati trasformati mediante analisi statistica multivariata in modo da classificare i campioni 
secondo la loro origine geografica. L'analisi discriminante (DA) e la rete artificiale di neuroni 
hanno fornito risultati comparabili. La DA permette una riduzione dei numeri di fattori grazie 
ad una “stepwise backward elimination“. In un modello che include soltanto undici fattori, 
una classificazione corretta al 95% nelle sette regioni di origine è stata ottenuta con una 
validazione incrociata tipo "Jackknife". Cinque campioni svizzeri su 70 sono stati mal 
classificati. Per migliorare la classificazione di quest'ultimi, è proposto un modello con un 
approccio per paia (Svizzera, vs una sola regione straniera alla volta). Questa procedura ha 
permesso di riconoscere tutti i campioni svizzeri utilizzando quindici parametri.  
Nella quarta ed ultima parte, una scelta puntuale è stata applicata ad altri due tipi di 
formaggio, il formaggio Raclette e la Fontina. Il Raclette Suisse® ed il raclette francese 
hanno facilmente potuto essere discriminati tramite il contenuto di calcio ed i quattro rapporti 
degli isotopi stabili δ2H, δ13C, δ15N e δ34S. Il Fontina DOP è un formaggio al latte crudo. Il 
suo tasso di fosfatasi alcalina attiva è conseguentemente nettamente più elevato di quello dei 
formaggi di tipo Fontal che sono imitazioni industriali fabbricate con latte pastorizzato. 
L'ultimo capitolo costituisce una linea direttiva dedicata ai chimici cantonali per 
l'autenticazione dell’ Emmental Switzerland™. I rischi incorsi dai principali tipi di formaggio 
svizzero in relazione ad una dichiarazione infedele d'origine sono pure discussi. 
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PREAMBLE 
 
What do electronic noses and Emmental cheese have in common? In 2000, the Ph.D. thesis of 
E. Schaller, conducted at the FAM and dedicated to the application of MS-based electronic 
noses to dairy products, highlighted the limits of this analytical tool. The major drawback lay 
in the system’s poor sensitivity to low and middle volatile compounds. There was therefore a 
need to develop fast preconcentration techniques coupled to electronic noses. A new Ph.D. 
project was started by J.O. Bosset and funded by the CTI in collaboration with SMart Nose 
Ltd. (Marin-Epagnier, Switzerland) selected as industrial partner. I saw a chance to combine 
my interest in analytical chemistry and the dairy sector. In fact I was anxious to supplement 
my scientific education as a chemist with the practice of cheese making in the highlands 
during the summer months, where I found a healthy balance to my scientific activity. In 
September 2000, I started by writing a review article on preconcentration techniques. The use 
of canned processed cheeses as standard materials in volatile analysis was the subject of a 
second article. These processed cheeses were then used for testing data transferability 
between two electronic noses of the same type. In the last publication of part I, two recent 
preconcentration techniques were compared for application to the SMart Nose.  
 
Parallel to this CTI-project, another project dealing with the authenticity of Swiss cheeses had 
also been launched by J.O. Bosset. It was funded by the Swiss Federal Office of Public Health 
(SFOPH) in collaboration with the Swiss Federal Dairy Research Station (FAM). I was 
extremely interested in this project and as no candidate had been found, I decided to modify 
my Ph.D. topic. This explains the abrupt change of subject between part I and the rest of the 
thesis, which is mostly dedicated to the geographic origin of Emmental cheese. However, I 
found that both subjects could be related and I tried to integrate the work done during the first 
6 months into this new subject. 
 
Volatile compounds (project CTI) are not only responsible for the aroma of a cheese sample, 
but they could also be used as indicators of origin (project SFOPH). The research carried out 
on preconcentration techniques for the electronic nose should therefore be applied for the 
authentication of Emmental cheese, as shown in Chapter 5. An attempt was made to analyse 
the samples with both an electronic nose coupled to a new preconcentration technique (Annex 
A) and a new gas chromatograph equipped with a thermodesorption system (Annex B). 
Unfortunately this work could not be finished due to technical and time problems. 
 
I naturally invested most of my time in parts II, III and IV. Food authentication has gradually 
become a topic of great interest in Western Europe and many research groups are currently 
working on various foods. The scientists generally work in specialist laboratories with one or 
two high-tech analytical instruments and try to apply their techniques to a given problem of 
authenticity. Working at the FAM gave me the opportunity to use a totally different strategy. 
The FAM does not possess the instruments for such typical analyses of origin authentication, 
e.g. Isotope Mass Ratio Spectrometry (IRMS), Nuclear Magnetic Resonance (NMR) or 
Inductively Coupled Plasma Mass Spectrometry (ICP-MS), but it does have an immense 
knowledge of cheese . Instead of focusing the research on one or two methods, a screening 
test of more than 20 methods was preferred (Part II). Only the excellent collaboration and 
confidence gained as part of this work with external laboratories, in Switzerland and abroad, 
made it possible to carry out a project with so many facets. The information obtained from the 
screening test was crucial for selecting the methods to be used in the final study. The results 
from the latter were then integrated into various multivariate statistical models for origin 
assignment (Part III). In part IV, a feasibility study for the authenticity of Raclette Suisse® 
and Fontina PDO was carried out in the form of a targeted screening of methods. The last 
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chapter, acting as conclusion, was dedicated to the development of a real case scenario for the 
food control laboratories and suggests guidelines for the authentication of Emmentaler 
Switzerland™. A discussion was also held on the risk of origin mislabelling for other cheese 
types. 
 
The global approach strategy and the originality of the work aroused great interest in the 
scientific world. I had the opportunity to present my results in different European countries 
(Annex C) and I hope the reader will enjoy reading my thesis as much as I enjoyed working 
on it during these three years of research. 
 
 
 Laurent Pillonel 
 
 
 
 
 
 
 
Un voyage se passe de motif, il ne tarde pas à prouver qu'il se suffit à lui-même. On croit 
qu'on va faire un voyage mais bientôt c'est le voyage qui vous fait... ou vous défait. 
 
 Nicolas Bouvier 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
01.09.2000-29.02.2001:  CTI, project 4614.1 
01.03.2001-31.12.2004:  SFOPH, contract no. 00.001493/01.001323/02.001425 
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CHAPTER 12 
 
Geographic origin of European Emmental cheese.  
1. Characterisation and descriptive statistics. 
 
L. Pillonel, R. Badertscher, M. Casey, J. Meyer, J. O. Bosset 
Federal Dairy Research Station, 3003 Berne (Switzerland) 
A. Rossmann  
Isolab GmbH, 85301 Schweitenkirchen, Germany 
R. Tabacchi 
University of Neuchâtel, 2007 Neuchâtel, Switzerland 
 
International Dairy Journal, (submitted) 
 
 
 
Abstract 
 
To survey the authenticity of Emmental cheese, samples from the main European 
manufacturers were collected, corresponding to 110 winter and 73 summer samples. From a 
preliminary study, a series of promising analytical methods were selected and applied to the 
183 samples: total nitrogen, water soluble nitrogen (WSN), 12% TCA soluble nitrogen (TCA-
SN), pH-value, volatile short-chain acids, chloride, organic acids, enterococci, obligate 
heteroferm. Lb. (OHL), Lb. helveticus, sodium, copper, zinc, magnesium and stable isotope 
ratios (δ2H, δ13C, δ15N, δ34S). The data were analysed by univariate statistic according to the 
geographic origin and the season of production. Significant differences between the regions of 
origin were found for all investigated parameters (ANOVA with P ≤ 0.001). Some regions 
showed very specific properties such as low leucine aminopeptidase and Lb. helveticus in 
Switzerland, low lactate and pyruvate in Finland or high δ2H and δ34S in Bretagne. However, 
for the correct assignment of all regions, several parameters combined by multivariate 
analysis will be required. Seasonal differences were observed in certain regions for the 
parameters acetate, propionate, caproate, WSN, TCA-SN, pyruvate, OHL, zinc and δ13C. 
 
Keywords: Authenticity, Emmental cheese, season effect, stable isotope 
 
1. Introduction 
 
Food authenticity and traceability of origin have become a theme of great interest during the 
last decade. Economic pressure, combined with new manufacturing technologies and low 
transport costs, have led to increasing numbers of food scandals and frauds. Various products 
with high added value are subject to adulteration or false denomination, e.g.: meat, olive oil, 
cheese, wine, coffee, honey.  
Among cheeses, Emmental represents a very interesting case. Also known as Swiss cheese, 
Emmental is a worldwide widespread cheese type manufactured in almost all industrialised 
countries. Its added value depends on the technology used. Only a few regions such as 
Switzerland, the East part of France, Austria and South Germany manufacture a traditional 
Emmental using e.g. raw milk and copper vats. Some consumers are ready to pay more for 
these traditional/regional products. Switzerland is specially sensitive to the question because 
of the high milk price. Swiss Emmental is by far the most expensive, making fraudulent 
substitution the most lucrative in this case (Bosset, 2001). Therefore it is necessary to have 
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analytical means of checking whether a particular piece of Emmental corresponds with its 
labelling.  
To reach this goal, a screening study using more than 20 analytical methods was first carried 
out on 20 authentic cheese samples collected in France, Switzerland, Germany, Finland and 
Austria. The aim of this preliminary study was to select pertinent analytical methods or 
parameters for discriminating the geographic origin of the samples analysed before using 
them in the current large scale study. The corresponding results have already been detailed in 
various publications (Pillonel et al., 2002; Pillonel et al., 2003a-b; Pillonel, Luginbühl, 
Picque, Schaller, Tabacchi & Bosset, 2003; Pillonel, Collomb, Tabacchi & Bosset, 2002; 
Pillonel, Ampuero, Tabacchi & Bosset, 2003). The selection of the methods from the 
screening was presented in a further paper (Pillonel, Tabacchi & Bosset, 2003). 
The current work is the follow-up of these preliminary studies, taking advantage of the 
knowledge acquired so far. It was carried out with 110 samples from a winter production and 
73 from a summer production using the analytical tools selected from the screening study. 
The current discussion of the results is limited to descriptive statistics and difference tests on 
the mean values for each region. Appropriate mathematical models using multivariate 
statistical analysis that allows the identification of the geographic origin are presented in a 
further paper (Pillonel, Tabacchi & Bosset, 2004). 
 
 
2. Materials and methods 
 
2.1. Cheese samples 
 
Table 1 summarises the geographic origin, ripening time and season of production of the 183 
samples analysed. To compare and discriminate the cheese samples according to their origin, 
the following seven regions were defined (Figure 1): Switzerland (CH), France Savoie (raw 
milk, FR), France Bretagne (thermised milk, FTb), France East-Central (thermised milk, FTe), 
Germany Allgäu (D), Western Austria (A) and Finland (FI). The results of the 20 samples 
used in the preliminary study were included wherever the corresponding analyses were 
carried out (this was not the case for LAP and 34S/32S). The regions where thermisation and/or 
bactofugation is applied correspond to those where silage is used. The ripening time of the 
selected samples varied greatly depending on their geographic origin. According to 
manufacturing usage, Emmental may be sold with a maximum of 6-7 weeks (Bretagne) or a 
minimum of three months (Switzerland). The samples were selected for their ripening time to 
agree with what consumers may expect in the stores. The scattering within a given region is 
partly explained by the diversity in ripening of Emmental offered (from young to very 
mature). In Switzerland for instance, it was very difficult to find Emmental ripened for only 
90 days. Most of the samples had a ripening time varying from four to six months, some of 
them reaching 12 months or even more. We focused our attention on young and medium aged 
samples (only 8 samples had more than 7 months) for which the risk of confusion is highest. 
The value for enterococci, obligate heterofermentative lactobacilli, copper, magnesium, 
sodium and zinc were missing for the sample D13. 
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Table 1 Origin, ripening time, season of manufacture and number of samples investigated 
Country of 
origin 

Abbre-
viation 

Processing of 
the milk 

Median ripening 
time 

(Min., Max.) 

Number of 
summer 

samples1 

Number of 
winter 

samples2 

Austria A Raw 80 (60, 155)1 5 10 
Switzerland CH Raw 175 (90, 260) 32 38 
Germany D Raw 101 (71, 210)3 6 17 
Finland FI Therm.** 90 (81, 90) 4 8 
France FR Raw 106 (81, 215) 13 19 
France FTb

* Therm., Bact.** 53 (42, 73) 7 12 
France FTe

* Therm., Bact.** 74 (41, 149) 6 6 
TOTAL    73 110 
1 Production 15 April-30 September 
2 Production 15 October-30 March 
3 Data only available for 7 samples 
* FTb = from the region Bretagne; FTe = from the region East-central 
** Therm. = Thermisation; Bact. = Bactofugation 
 
 
 
 

FTe

FR
CH A

D
FTe

FR
CH A

D

FI

FTb

FI

FTb

 
Figure 1 Origin of the samples investigated 
Caption: A = Western Austria, CH = Switzerland, D = Germany Allgäu, FI = Finland, FR = 
France Savoie, FTb = France Bretagne, FTe = France East-Central  
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2.2 Sample preparation  
 
 Unless otherwise specified, the samples were deep-frozen (-20°C) until analysis. The samples 
were purchased as blocks, and 2 cm from the rind were discarded. The five first centimetres 
from the side (talon) were also not used. The samples to be delivered to the various 
laboratories were cut into slices across the whole height of the block. This helped to avoid 
misinterpretation of results due to gradients in the block. 
 
2.3 Chemical and biochemical analyses 
 
The following analyses were carried out: volatile short-chain acids using gas chromatography 
(Badertscher, Liniger & Steiger, 1993); fat according to Gerber van Gulik (anonymous, 
1975); total nitrogen (TN), water-soluble nitrogen (WSN) and 12 % TCA soluble nitrogen 
(TCA-SN) according to Kjeldahl (Collomb, Spahni-Rey & Steiger, 1990); sodium chloride 
with a potentiometric titration using a silver electrode (anonymous, 1988); L- and D-lactate, 
succinate and pyruvate with enzymatic test kits after extraction (Anonymous, 1989); 
enzymatic activity of L-leucine-aminopeptidase using L-leucin-4-nitroanilide as substrate 
(LAP). The pH-value was determined at room temperature using a penetrometric glass 
electrode (Mettler-Toledo, no. 104063123). 
 
2.4 Microbial analyses 
 
Enterococci (ECOC) (according to Mossel, 1978) and obligate heterofermentative lactobacilli 
(OHL) (according to Isolini, Grand and Glättli, 1990) were determined on fresh samples. The 
occurrence of Lb. helveticus was investigated by the polymerase chain reaction (PCR) after 
extraction of the DNA using the High Pure PCR Template Preparation Kit (Roche, 
Switzerland). PCR amplifications were carried out using Taq DNA polymerase (Applied 
Biosystems). The specific primers for the detection of L. helveticus were 5'-
CCGAAGGAACNCCTAATCTCTTA-3' and 5'-AGCAGATCGCATGATCAGCT-3' which 
correspond to internal sequences of the 16S rDNA gene. The conditions for the PCR were as 
follows: 10 min at 95°C; 33 cycles (30 s at 95°C, 30 s at 55 °C, 1 min at 72 °C); 10 min at 72 
°C. Quantification of the 854 bp amplicon was carried out by electrophoresis using an Agilent 
2100 Bioanalyser (Agilent, Waldbronn, Germany).  
 
2.5 Inorganic compounds and isotope ratios 
 
For the quantification of magnesium and sodium, approximately 1 g of grated material was 
digested with 5 mL nitric acid (650 g/kg, suprapur Merck) at normal pressure. For copper and 
zinc, 2.5 g of material were used. The solutions were analysed, after suitable dilution, with an 
air-acetylene atomic absorption flame spectrometer of type Varian SpectrAA-800 (Basel, 
Switzerland) (FAM accredited method no. ME05101O.620 (Mg), ME3902O.620 (Na), 
ME04002O.620 (Cu), ME04202O.620 (Zn)).  
15N/14N, 13C/12C, 2H/1H and 34S/32S ratios were determined in a protein fraction obtained as 
follows: the grated cheese samples were freeze-dried and afterwards defatted with petroleum 
ether (Merck AG, Darmstadt, analytical grade) in a soxhlet apparatus. In the preliminary 
study, a further operation was included. The non-fat fraction was brought to pH 4.3 and the 
insoluble fraction washed with water. However no significant differences were observed 
between both preparation modes so that the shorter method was used. C, N and S were 
measured by Elementar elemental analyser Vario EL III coupled to an isotope ratio mass 
spectrometer (IRMS) AP 2003 (Elementar Analysensysteme GmbH, Hanau, Germany, and 
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GVI Instruments Ltd. Manchester, UK). D/H ratios were measured on a Thermo Instruments 
delta XL plus IRMS coupled with a Thermo Instruments high temperature pyrolysis unit. 
The following standards with known ratios were used: a standard casein (Sigma-Aldrich, 
analytical grade) which had been calibrated in a European research project (SMT4-CT2236-
1998) for 13C/12C and 15N/14N, and later on for 2H/1H and 34S/32S vs. official reference 
materials (PEF-1 and NIST-22, V-CDT and silver sulfide, respectively). The values were 
reported in the δ-scale (‰) according to the corresponding international standards (PDB, 
NBS-22, V-CDT, air N2). To check the reliability of the analyses, additional IHRM (in house 
reference materials) of known isotopic composition were used (wheat flour, lactose, sucrose). 
 
2.6 Statistical analyses 
 
The decimal logarithm of the microbiological counts was used for the calculations. The 
averages and standard deviations by regions of origin were calculated for each parameter. 
Descriptive statistics, box plots, analysis of variance (ANOVA), pairwise comparisons of 
mean values with Fisher's LSD test and t-test were performed with Systat for Windows 
version 9.0 (SPSS Inc., Chicago, IL). Fisher's LSD test was used to compare the various 
regions of origin (P ≤ 0.001) and t-tests were used to investigate the influence of the season (P 
≤ 0.01). 
 
 
3. Results and discussion 
 
In the following analysis of variance (ANOVA), only parameters with P ≤ 0.001 are 
presented. In the pairwise comparison, two groups were considered as different only if P ≤ 
0.001 in the Fisher’s LSD test. Furthermore, a box plot was designed for each parameter to 
visualise the data, with the special aim of locating outliers which could lead to erroneous 
interpretations of the Fisher’s test. 
Indicators of origin for manufactured products may be subdivided into primary and secondary 
indicators. Primary indicators are not influenced by the technology applied for manufacture. 
In the case of cheese, compounds acting as primary indicators are transferred from the forage 
and the water consumed by the herd into the milk and finally the cheese. Primary indicators 
are not influenced by cheese making or ripening conditions but depend only on the feed of the 
cows. The latter undergoes natural variation over the year. Furthermore, some of the forage 
may be imported from distant countries, requiring careful interpretation of the results. 
Secondary indicators do not depend directly on the geographic origin but mainly on the 
technology used for the transformation of a product, i.e. the milk used. Cheese making is 
related to local, regional or national traditions leading to differences within a cheese type. 
Starters, heating temperature of the curd, brining and ripening time are some of the 
manufacturing parameters which are typical for a defined region and lead to chemical, 
physical or microbial secondary indicators. 
 
3.1 Primary indicators 
Two trace elements were investigated in this category (Table 2). The magnesium 
concentration was significantly higher in FTb than in all other regions except for D. Zinc also 
showed the highest concentration in FTb whereas the lowest were found in CH, D and FR. 
The origin of such variations between the regions is very difficult to determine. Investigations 
on grass and concentrates fed in the respective regions would be necessary to help understand 
these differences. No indications on such differences could be found in the literature. 
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Four isotopic ratios were measured: 2H/1H, 13C/12C, 15N/14N and 34S/32S (Table 2). The box 
plots are displayed in Figure 2. Bretagne is a region very close to the sea, leading to the 
highest δ2H values in FTb, logically followed by FTe, a region located in central France 
(Figure 1). The values for FR and CH lay in the middle, the values for A and D being still 
lower, because of their greater distance from the sea. The high latitude of Finland also 
explains the low δ2H values found for this country (Moser & Rauert, 1980). Similar results 
were obtained for 18O by Rossmann, Haberhauer, Hölzl, Horn, Pichlmayer and Voerkelius 
(2000). The regions where maize silage is fed are characterised by a significantly higher δ13C 
value (Pillonel, Badertscher et al., 2003). This was found in FTb and FTe. Smaller differences 
were observed in the other regions, which can be explained by such climatic conditions as 
temperature and humidity, which are known to cause shifts in the carbon isotope ratios in 
plant materials between regions. However one German sample showed a too high value (- 
22.3 ‰) to be only due to climate. Most probably, maize was used there too. The δ15N values 
were the highest in FI, possibly due to a lower proportion of leguminosae or a higher level of 
organic fertilizers (e.g. with animal manure) in these northern parts of Europe. The lowest 
values found in D, A, and especially FR, reflected a probable low N fertilisation in these pre-
Alpine regions (Rossmann, Kornexl, Versini, Pichlmayer & Lamprecht, 1998). There is no 
satisfactory explanation for the low δ15N found in FTe. In the case of δ34S, FTb showed the 
highest values due to sulfate seaspray. Marine sulfate is known to be highly enriched in 34S as 
compared with soil sulphate (Krouse, Steward & Grinenko, 1991). Further sources of 34S 
fractionation are the nature of the bedrock (Rossmann et al., 1998) and to a lesser extent 
anthropogenic emissions (Pichlmayer, Schöner, Seibert, Stichler & Wagenbach, 1998). The 
interpretation of the remaining δ34S values was therefore more difficult. 
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Figure 2 Box plots of the primary indicators of origin. 
Caption: the regions A to FTe are defined in Figure 1 
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3.2 Secondary chemical indicators 
Table 3 and Figure 3 report the results of the parameters investigated in this category. The 
formate concentrations in FTb were significantly lower than in CH, D and FI. Formate is 
normally catabolised from citrate by facultative heterofermentative bacteria. However in the 
preliminary study, no correlation was found between those two parameters (Pillonel et al., 
2002). The highest acetate concentrations were found in FR and FI, the lowest in FTb and FTe. 
Acetate is produced stoichometrically parallel to propionate during lactate fermentation. 
Therefore propionate followed the same trend as acetate (r = 0.80). The high values in FR and 
FI indicate a stronger propionic acid fermentation. As expected, the highest butyrate 
concentrations were found in both FTb and FTe, regions where silage feed is allowed. In 
Finland, though silage is also used, the concentrations encountered were not significantly 
different from the silage-free regions. This is probably due to a very strict production hygiene 
in the feeding and milking zone of the farms. In all other regions, outliers were found, 
indicating the difficulty of producing a spore-free milk. Regarding caproate, the concentration 
was significantly higher in A only because two samples showed extremely high values (4.36 
and 3.15 mmol/kg). The median value was even lower than for CH. 
Sodium chloride, which finds its origin almost exclusively in the brining, was significantly 
higher in D than in all other regions. The pH-value in CH and FTb was significantly lower 
than in the remaining regions except in FTe. No correlation was found between the sum of the 
investigated acids and the pH-value, probably due to the buffering effect of free amino acids 
which are strongly dependent on the degree of proteolysis.  
The total nitrogen (TN) content of the cheeses were quite similar. Only FR had significantly 
higher values than FTb, CH and D. Water soluble nitrogen (WSN) and 12 % TCA soluble 
nitrogen (TCA-SN) showed much greater differences. The highest degree of proteolysis was 
found for CH, D and FR. In the case of CH and FR, these results could partly be explained by 
the longer ripening time. The lowest value was found in FTb where the blocks are ripened for 
only 6 to 7 weeks. Ratios such as WSN/TN and TCA-SN/WSN did not offer any additional 
information. 
Among the elements investigated, two belonged to the group of secondary indicators, i.e. 
copper and sodium. The copper concentration in cheese was naturally significantly higher in 
the regions still using the traditional copper vats (A, CH, D, FR). However some very low 
values were also found in D and FR (Figure 3). It is difficult to define a concentration limit 
for the use of copper vat due to lack of sufficient information from the individual 
manufacturers. The concentration also depends on the way the milk is stored before 
processing. In this study, FI contained even more copper because of copper sulphate addition 
to the milk prior to cheese making. However, Finnish Emmental is also made without copper 
sulphate addition (H. Jatila personal communication). This cheese was not included in the 
study. The outlier sample from Austria was probably also manufactured with copper sulphate 
addition. Sodium originated largely from brining and therefore correlated strongly with the 
chloride measurements (r = 0.73). 
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Figure 3 Box plots of the secondary chemical indicators of origin. 
Caption: the regions A to FTe are defined in Figure 1 
 
 
3.3 Secondary biological indicators 
Results are shown in Table 4 and Figure 4. Enterococci and obligate heterofermentative Lb. 
were counted on plates. These microorganisms are not desirable in cheese because they 
increase the risk of secondary fermentation. The lowest enterococci concentration was found 
in CH, FTb and FI. The OHL concentration was lowest in CH and FI. In Switzerland and 
Finland, both species are kept at low level thanks to selected starter cultures and strict 
production hygiene. 
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Figure 4 Box plots of the secondary biological indicators of origin. 
Caption: the regions A to FTe are defined in Figure 1 
 
 
Lactate, which is metabolised to propionic acid, was negatively correlated with both acetate (r 
= -0.60) and propionate (r = -0.73). Except for two samples, FI no longer contained lactate, 
mainly due to a high level of curd washing (personal communication). The values for 
pyruvate were also extremely low in FI. The ratio L-/D-lactate (data not shown) did not 
produce any additional information. Succinate is produced by certain propionic acid bacteria 
with strong aspartase activity (Fröhlich-Wyder, Bachmann, Casey, 2002). A moderate 
aspartase activity may positively influence the quality of Emmental cheeses e.g. openness and 
flavour intensity. CH showed significantly lower values for succinate than all other regions 
except FTe. FR had the highest concentration. It is difficult to interpret these results because 
no convincing correlation could be found between aspartate and succinate in the preliminary 
study (Pillonel et al., 2002).  
The presence of Lb. helveticus was determined semi-quantitatively by specifically amplifying 
a fragment of the 16S rDNA gene. The information obtained was more or less limited to a 
presence/absence response. In Switzerland, Lb. helveticus is never used in Emmental cheese 
starters because of its strong proteolytic activity. The amount of Lb. helveticus DNA 
measured in CH was below 1.2 ng/µL in all samples, most of them below the detection limit 
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of 0.1 ng/µL. The values close to one, indicated a natural contamination of the milk from the 
environment which most probably occurred during milking. In other regions, Emmental is 
also sometimes manufactured without use of Lb. helveticus. In some samples from FTb, D or 
A, values below 1 ng/µL were found. In Table 4, the results were classified into two groups, 
i.e. < 3 ng/µL and ≥ 3 ng/µL. In the second group, the direct addition of Lb. helveticus can be 
assumed. The samples in this group can therefore not be of Swiss origin. A limit of 3 ng/µL 
was chosen to avoid any risk of misinterpretation. 
An indirect way of obtaining information on the presence of Lb. helveticus is the 
measurement of the L-leucine-aminopeptidase (LAP) activity. This enzyme is produced in 
significantly higher amounts by Lb. helveticus than by Lb. delbrueckii (Bouton, Guyot, Dasen 
& Grappin, 1993). CH and A showed significantly lower values than the other groups. In CH, 
all values except for one at 4.5 were under 3. 75% of the cheese samples from the other 
regions showed values higher than 4.  
Mostly the correlation between the LAP- and the Lb. helveticus-values for each region 
separately were poor. For instance in CH, the LAP values varied from 0.7 to 4.3 even when 
no Lb. helveticus was detected. The opposite phenomenon was also often observed, i.e. high 
concentration of bacteria for relatively low LAP-values. The aminopeptidase activity of other 
microorganisms such as Streptococcus thermophilus and the difference in activity between 
clones of Lb helveticus might explain the discrepancies found (Prost & Chamba, 1994). 
 
 
3.4 Influence of the season 
Most of the indicators (both primary and secondary) are influenced by the season because the 
composition of the forage changes depending on the time of the year. Specially where silage 
feeding is not allowed, the change from green fodder to hay could have important 
consequences on the results. Tables 5 shows for each separate region the parameters which 
change significantly with the season. Only the parameters dealt with in Tables 2-4 were 
investigated. Interpretation of these results is made difficult because of the lack of precise 
information on both manufacture and herd feeding.  
Switzerland was the only region where no significant differences were observed. No 
differences within the secondary indicators were found in both French regions where 
thermisation is applied. The raw milk French Emmental (FR) had higher level of pyruvate, 
TCA-SN and zinc during summer. A and D showed similar trends with higher contents of 
acetate, propionate and zinc during the summer. Moreover the TCA-SN value was higher and 
the formate concentration lower in summer in A. In FI, three compounds showed significant 
differences. Propionate was higher in winter whereas caproate and WSN were higher in 
summer. The elevation of the δ13C in winter in FTb and FTe was not surprising due to the 
increased proportion of maize during the cold season. The significant δ13C-change observed 
in FR and A was difficult to explain. However in both seasons the values remained below 
those typical of maize feeding regions (> -22‰). 
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Table 5 Parameters significantly influenced by the season of manufacture (P ≤ 0.01) 
 A CH D FI FR FTb FTe 

Formate W - - - - - - 
Acetate S - S - - - - 
Propionate  S - S W - - - 
Caproate - - - S - - - 
WSN - - - S - - - 
TCA-SN S - - - S - - 
Pyruvate - - - - S - - 
OHL - - - - - - - 
Zn S - S - S - - 
δ13C W - - - W W W 
S = content significantly higher for the summer production (15 April-30 September) 
W = content significantly higher for the winter production (15 October-30 March) 
 
 
4. Conclusions 
 
The objective of the current work was to statistically evaluate previously selected parameters 
likely to make it possible to discriminate between various geographic origins of Emmental 
cheese. The following seven regions were defined: Austria, Finland, France Savoie, France 
Bretagne, France East-Central, Germany and Switzerland. Some of these showed very 
characteristic properties. For instance, samples from Finland contained almost no lactate and 
pyruvate, and more copper than the other samples. In Swiss samples significantly less Lb. 
helveticus and a lower LAP activity were found. However, in all cases, multivariate statistical 
analysis will be required to reach, if this is ever to be possible, 100% recognition or 
classification. The latter is subject of a further publication (Pillonel et al., 2004). 
The influence of the season on the parameters and for each region was also investigated. 
Regions with a high level of standardisation such as France East-Central and France Bretagne 
did not show any differences for secondary indicators. In Switzerland a single secondary 
indicator, in Austria, Germany and France Savoie, two and in Finland four were significantly 
influenced by the season. As far as the primary indicators are concerned, the zinc values were 
higher in summer in Germany and France Savoie and the δ13C were higher in winter in the 
region with maize silage feed 
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Abstract 
 
True declaration of the geographic origin is an important issue for food products with 
international markets such as Emmental cheese. The goal of this work was to classify 
European Emmental cheeses according to their geographic origin using analytical means. 25 
analytical parameters (factors) were measured in 183 samples. The results were combined by 
multivariate statistical analysis. Discriminant analysis (DA) and artificial neural network 
(ANN) delivered similar results when all regions and all factors were included. 95% and 91% 
respectively of the samples were correctly classified in the validation procedure. To reduce 
the analytical costs and the risk of overfitting, a DA based on a selection of only 11 factors 
was calculated. In this case, the Jackknifed validation delivered 95% correct assignments. 
Finally, a system was optimised to discriminate between the Swiss samples and the others. 
Building a new model for each of the 6 pairs, Switzerland vs. another region, 100% correct 
classification could be achieved for the Swiss samples. 
 
Keywords: artificial neural network, discriminant analysis, Emmental cheese, authenticity, 
chemometric 
 
1. Introduction 
 
Fraud detection in foods often requires a highly accurate characterisation of the product 
including the use of many different analytical tools. Interesting reviews on food authenticity 
have been published either in technique-oriented form (Cordella, Moussa, Martel, 
Sbirrazzuoli & Lizzani-Cuvelier, 2002, Gremaud, Karlen, Hulliger, 2002) or in food matrix 
presentation (Dennis, 1998). The determination of the geographic origin of a foodstuff is a 
difficult task, especially in “living” foods such as cheese which undergo changes during 
ripening. As a consequence, the results of the selected analytical techniques must often be 
combined by multivariate analysis, also known as chemometric by chemists. 
Chemometrics can be defined as the application of mathematical and statistical methods to 
maximise the chemical information extracted from data. Chemometrics are powerful tools 
finding applications in various domains covered by regularly published reviews (e.g. Lavine, 
1998, 2000; Lavine & Workman, 2002). Pattern recognition is a specific application of 
chemometrics which occupies the attention of chemists involved in the fight against food 
fraud. Two comprehensive review articles focusing on chemometrics for authentication and 
classification of food products were published recently (Arvanitoyannis & Houwelingen-
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Koukaliaroglou, 2003; Tzouros & Arvanitoyannis, 2001). Techniques such as Principal 
Component Analysis (PCA), Discriminant Analysis (DA), Principal Component Regression 
(PCReg), Partial Least Square (PLS), Artificial Neural Network (ANN) are commonly used 
for authentication purposes. 
A crucial point of pattern recognition is the validation of the model. In an overfitted model, 
the classification into categories may superficially appear satisfactory, but is in fact not 
statistically significant. The following simple rule-of-thumb should therefore be applied 
before each classification: the number of factors (variates) included in the model should not 
exceed (n-g)/3, where n is the number of observations and g the number of categories fixed 
(Defernez & Kemsley, 1997). Moreover no classification should be carried out without cross-
validation. A first possible procedure of cross-validation is to assign each observation at 
random to either a training or a validation set. The training set is only used to obtain the 
model, which is then applied in a second step to the validation set. Typically, training and 
validation set may contain 2/3 and 1/3 of the available observations respectively. If the results 
between training and validation differ strongly, the model is overfitted or insufficiently 
adapted. An alternative procedure is the leave-one-out or Jackknifed validation. It consists of 
omitting one observation at a time from the data set and using the remaining data set to obtain 
a model, which is then applied to the omitted observation. This is repeated n times, excluding 
each observation in turn and reintroducing the previously omitted observation. The results for 
the excluded observations only are then assessed. Once again, if normal set and Jackknifed 
validation diverge, the model is overfitted. Both validation procedures seemed to deliver 
comparable results (Defernez & Kemsley, 1997). 
The present paper deals with the use of chemometrics to determine the geographic origin of 
Emmental cheese. Pattern recognition methods such as DA and ANN are applied to check a 
possible classification by region of the cheese samples. During a 3-year project, promising 
analytical techniques were selected and applied to 183 Emmental cheese samples from 
Europe. A more detailed description of the project as well as the corresponding individual 
results and univariate statistics have been presented elsewhere (Pillonel et al., 2004).  
 
2. Materials and methods 
 
Origin of samples and analytical methods 
Sample selection, treatment and characteristics as well as analytical methods used have 
already been described by Pillonel et al. (2004). In short, the 183 samples originated from the 
seven following regions in Europe: Western Austria (=A), Switzerland (=CH), South 
Germany (=D), Finland (=FI), France Savoie raw milk (=FR), France Bretagne thermized 
milk (=FTb) and France East-Central thermized milk (=FTe). The 25 investigated factors 
finally retained as significant were the following: volatile organic acids formic (C1), acetic 
(C2), propionic (C3), n-butyric (C4) and n-caproic (C6), total nitrogen (TN), water-soluble 
nitrogen (WSN) and 12%-TCA soluble nitrogen (TCA-SN), sodium chloride, L- and D-
lactate, succinate and pyruvate, L-leucine-aminopeptidase activity (LAP), pH-value, 
enterococci (ECOC) and obligate heterofermentative lactobacilli (OHL), sodium (Na), copper 
(Cu), magnesium (Mg), zinc (Zn) as well as the stable isotope ratios δ2H, δ13C, δ15N and δ34S. 
Lb. helveticus was not retained for modelling due to the non-quantitative results, but it still 
delivered most interesting results. 
The 20 samples analysed in the preliminary study (Pillonel et al., 2004) were also integrated 
in the current work. LAP activity and 34S/42S isotope ratio had however not yet been 
investigated in the preliminary study. To allow the software to work correctly, missing values 
were replaced by the average values of the corresponding category. 
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Discriminant analyses 
Discriminant analysis on the correlation matrix was performed with the software Systat for 
Windows version 9.0 (SPSS Inc., Chicago, USA). A stepwise backward elimination was 
carried out to select the best variates. In this way only the most significant factors out of the 
25 were used in the corresponding models. Results were validated using the leave-one-out 
cross validation (Jackknifed classification matrix). 
 
Artificial neural network 
A feed forward neural network trained by back-propagation was calculated using the software 
S-Plus (Insightful, Seattle, USA). The working principle is explained in short. Neurons are 
sorted into three layers: input, hidden and output layer. There are as many input neurons as 
factors and as many output neurons as categories. Neurons are connected to all of the previous 
layers by weighted connections. In each neuron the sum of the weighted signals is calculated 
and when it exceeds a certain threshold, it is processed by a so called transfer function and 
sent to all neurons in the next layer. In the training sequence, the output of the network is 
compared to known values and errors are back-propagated to the hidden and input layers to 
adjust the weights and minimise the error. The procedure is repeated until the errors between 
the output and known values are minimised. A training set was built with 2/3 of the 
observations randomly selected (n = 127). The remaining data (n = 56) were used for 
validation. 
 
3. Results 
 
As the group assignment for the collected data is known, only trained (or supervised) 
classification techniques were considered. Discriminant analysis is a simple and well 
understood way of achieving a group assignment (Kaufmann, 1997). The classification is 
based on Mahalanobis distances and a confidence level is available for each observation. 
Three approaches with different group assignments were first compared using discriminant 
analysis. In the first approach, all regions were included in the model in a single step. In the 
second approach, only two categories were considered, i.e. a selected region vs the remaining 
regions pooled in a second category. In the last approach, one region was selected and 
compared with the other regions considered one by one.  
Among the numerous available statistical methods for pattern recognition, artificial neural 
network (ANN) was also tested for classifying the samples in a single step. ANN has proven 
to be a powerful tool for large data sets. The most popular ANN configuration is the back-
propagation network (BPN). BPN may give better results than PLS or PCR (Horimoto, Lee & 
Nakai, 1997).  
 
Model 1: All regions considered simultaneously using DA 
An excellent classification leading to only two CH samples misclassified was obtained 
including 18 factors in the model. In the Jackknifed classification, nine samples were 
misclassified, indicating a certain degree of overfitting. Moreover the analysis of so many 
factors would cost approx. 850 € / sample. However, reducing the model to 11 factors (C3, 
pH, WSN, D-lactate, succinate, LAP, Cu, δ2H, δ13C, δ15N and δ34S), the costs could be 
reduced to 650 €, 96% (95% in the Jackknifed validation) overall correct assignment still 
being achieved. One Austrian, five Swiss, two German and one French (FR) samples were 
misclassified in the Jackknifed validation (Table 1). The probabilities for Swiss membership 
of the misclassified Swiss samples were all under 0.23. Values equal to or greater than 0.50 
ensure a classification as Swiss samples. This highlights the fact that the five misclassified 
samples showed unusual properties for Swiss Emmental. A visualisation of the results is 
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hardly possible due to their multidimensional character. Figure 1 shows the canonical scores 
of the first four dimensions. Even so, the discrimination is optically not evident.  
 
Table 1 Jackknifed classification matrix of all observation using 11 factors* 

 A CH D FI FR FTb FTe %correct 
A 14 0 1 0 0 0 0 93 
CH 3 65 2 0 0 0 0 93 
D 0 0 21 0 1 0 1 91 
FI 0 0 0 12 0 0 0 100 
FR 1 0 0 0 30 0 0 97 
FTb 0 0 0 0 0 19 0 100 
FTe 0 0 0 0 0 0 12 100 
Total 18 65 24 12 31 19 13 95 
* C3, pH, WSN, D-lactate, succinate, LAP, Cu, δ2H, δ13C, δ15N and δ34S 
 
 
By a further reduction to the factors D-lactate, δ13C, δ15N and δ34S, only the regions distant 
from one another were correctly separated (FTb, FTe, FI). This illustrates the effectiveness of 
stable isotope ratios for differentiating complex food products with distant geographic origins. 
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Figure 1 Canonical scores of the DA using 11 factors. (A) Discrimination between the 
categories FI, FTb and FTe using the 1st and 2nd dimensions. (B) Partially discrimination 
between these four categories in the 3rd and 4th dimensions. Only the categories A, CH, D, and 
FR are represented.  
 
 
Model 2: All regions considered simultaneously using ANN 
A backward elimination of less significant factors as done for DA is not possible here. 
Therefore all 25 factors were used in the model. One difficulty of ANN is the arbitrary choice 
of the start weights, the weight decay and the number of neurons in the hidden layer. Various 
models with a number of neurons between 9 and 20, start weights in the ranges [-0.5; 0.5], [-
0.7; 0.7] and [-1; 1] as well as a weight decay of 0.01 or 0.001 were compared. Out of the 72 
models tested, the one with 19 hidden neurons, weight decay of 0.01 and start weights in the 
range [-0.5; 0.5] gave the best results. All samples were correctly classified in the training set. 
In the validation set, 5 samples were misclassified (Table 2). Two A and one FR were put in 
the D group, two FTb in the FTe group.  
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The distribution of the training/validation sets was sometimes far from 2:1 for the categories 
with few observations. This explains the very low classification rate in the regions A or FTb 
though only two samples each were misclassified (Table 2). Switzerland was the group with 
the most samples and therefore the most dependable for use in an ANN. For the other 
categories, the number of samples was somewhat too small. All Swiss samples were correctly 
classified so that the current model can be said to be quite reliable for determining if an 
unknown sample originates from Switzerland or not. The actual major drawback of such a 
discrimination is the price generated by the measurement of the 25 factors. 
 
Table 2 Validation matrix (1/3 observations) using all 25 factors in ANN 

 A CH D FI FR FTb FTe %correct 
A 3 0 2 0 0 0 0 60 
CH 0 24 0 0 0 0 0 100 
D 0 0 4 0 0 0 0 100 
FI 0 0 0 6 0 0 0 100 
FR 0 0 1 0 11 0 0 92 
FTb 0 0 0 0 0 1 2 33 
FTe 0 0 0 0 0 0 2 100 
Total 3 24 7 6 11 1 4 91 
 
 
To get a direct comparison with model 1, a DA was carried out with the identical 
training/validation set as used in ANN. In the training model, only one CH sample was 
misclassified as D. In the validation set, one A, one CH and one D sample were wrongly 
classified (Table 3). The results of both ANN and DA were therefore absolutely comparable. 
The better classification obtained for CH with ANN tend to show that the performances of the 
technique could be enhanced with a larger database. 
 
Table 3 Validation matrix (1/3 observations) using all 25 factors in DA 

 A CH D FI FR FTb FTe %correct 
A 4 0 1 0 0 0 0 80 
CH 0 23 0 0 1 0 0 96 
D 1 0 3 0 0 0 0 75 
FI 0 0 0 6 0 0 0 100 
FR 0 0 0 0 12 0 0 100 
FTb 0 0 0 0 0 3 0 100 
FTe 0 0 0 0 0 0 2 100 
Total 5 23 4 6 13 3 2 95 
 
 
Model 3: one selected region vs the others pooled using DA 
Each region taken individually one after the other was compared to all others pooled into one 
category. For certain regions, this may allow a better discrimination or/and lower costs to be 
achieved.  
For FI the separation was trivial. The factors C3, LAP, L-lactate, pyruvate, zinc, and δ13C 
made possible a perfect separation even in the Jackknifed validation.  
For FR, 97% correct classification was achieved using the factors C1, C2, TN, Zn, δ15N, δ34S. 
The FR samples were correctly assigned whereas two samples from each the categories CH, 
D and FTe were assigned to the FR category.  
Only a small improvement was achieved for A. Using 13 factors (C2, C4, C6, NaCl, pH, 
TCA-SN, WSN, OHL, pyruvate, Cu, Zn, δ2H, δ34S), all Austrian Emmentals were correctly 
classified and one sample from each the categories CH, FTe and FR were misclassified. A 
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great non-homogeneity among the sample from Austria could be observed. This is partly due 
to the diversity of their origin (Vorarlberg, Salzburg) and manufacture (copper vs. stainless 
steel vat).  
A small improvement was also achieved for CH. Using the 12 factors C3, NaCl, pH, TCA-
SN, WSN, enterococci, OHL, LAP, succinate, Mg, δ15N and δ34S, only three Swiss samples 
were misclassified and no sample was wrongly classified as Swiss.  
For the remaining regions FTe, FTb and D, the 2-categories approach did not improve the 
discrimination, whether with regard to the number of factors required, nor to the percentage of 
correct classification. 
 
Model 4: Switzerland vs the others taken one by one using DA 
In this approach, a given region is compared to the others considered one by one. An 
independent model using a specific set of factors is therefore created for each pair. This 
approach was applied as an example to the region Switzerland to determine if any 
improvement could be achieved in comparison with both preceding models. A stepwise 
backward elimination was first carried out for each pair. Then the factors were compared and 
manually adapted in order to minimise the number of factors needed for all pairs. At the end, 
15 analytical variates (C2, C3, pH, TN, OHL, ECOC, D+L-lactate, succinate, pyruvate, LAP, 
δ2H, δ13C, δ15N and δ34S) were retained. The factors required for each pair are listed in Table 
4. A 100% correct classification was achieved in all pairs, also in the Jackknifed validation. 
For this, the origin of the foreign samples must of course be known to apply the correct 
model. For a sample whose origin is absolutely unknown, each of the six models have to be 
run. If the sample always land in the group Switzerland, it is a Swiss sample. If not, it is 
foreign, but it is not possible to precisely determine its origin. The one by one approach is 
therefore complementary to the global approach. The former makes it possible to check with a 
high confidence level if the sample is of Swiss origin or not and the latter gives reliable 
general information about the geographic origin. 
 
Table 4 Factors used in model 4 
CH vs A D FI FR FTb FTe 
C2    X  X 
C3 X   X  X 
pH  X     
TN  X     
OHL X   X   
ECOC  X  X   
D-lactat X X X    
L-lactate X      
Succinate X X     
Pyruvate  X X    
LAP X X X    
δ2H X      
δ13C   X  X X 
δ15N X   X X X 
δ34S X  X  X  
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Conclusion 
 
An attempt was made to classify 183 Emmental cheese samples selected from 7 European 
regions according to their 7 geographic origins. A maximum of 25 factors (analytical 
parameters) was available for multivariate analyses. Discriminant analysis and artificial neural 
network delivered comparable results when all factors were used. In the training set, 99 to 
100% correct classification was achieved, whereas in the validation set, rates between 91 and 
95% were found. The size of the database was however somewhat too small for ANN to 
develop its whole power. A further drawback of ANN is its black box character. It is not 
possible to interpret any result or find any relationship between input and output. It is 
therefore also difficult to reduce the number of factors, the costs and the risk of overfitting by 
selecting the most appropriate factors. 
The latter operation is easily carried out in DA using stepwise backward elimination. A new 
model was optimised using only 11 factors (C3, pH-value, WSN, D-lactate, succinate, LAP, 
Cu, δ2H, δ13C, δ15N and δ34S) and leading to 95% correct classifications in the Jackknifed 
validations. In a 2-group approach, samples of one category were compared with all others 
pooled in a second category. Only slight improvements were achieved in this way. A further 
2-group approach was tested for optimising the separation of the Swiss Emmental only. For 
each the six pairs Switzerland vs another region, a new model was built. In this way, it was 
possible to achieve 100% correct identification for the Swiss samples in the Jackknifed 
validation using 15 factors (C2, C3, pH, TN, OHL, ECOC, D+L-lactate, succinate, pyruvate, 
LAP, δ2H, δ13C, δ15N and δ34S). 
The analytical parameters selected over the 3-year project, combined with discriminant 
analysis were therefore able to assign unknown Emmental samples to their geographic origin 
with a high confidence level. 
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Introduction 
Among the different aspects of food authenticity, the geographic origin of a product is one 
gaining more importance with the increasing mobility and the low transport costs. The dairy 
sector may also be victim of fraudulent mislabelling. Mislabelling of butter has already been 
reported and successfully recognised as such by isotope ratio mass spectrometry (IRMS) (1). 
Milk transportation for cheese making is also a reality, as for instance Dutch milk being 
transformed in the North of Italy. Analytical control systems should be developed to ensure 
the genuineness of manufactured dairy products and their correct labelling Mislabelling of 
Emmental cheese has already been investigated within a 3-year study (2, 3, and references 
therein). After the selection of pertinent analytical tools within a preliminary study, it was 
possible to create and test a mathematical model for the assignment of geographic origin 
according to a database built on data from more than 180 samples. 
A further interesting product in Switzerland is Raclette cheese. As for Emmental, its 
production area is spread all over Switzerland and is of strong economical importance for the 
Swiss dairy sector. Importation of Raclette cheese originates largely from France where it is 
partly produced at lower cost. Mislabelling as Raclette Suisse is therefore conceivable and 
should be prevented by developing suitable analytical tools. 
In the Aosta Valley in Italy, Fontina PDO cheese is produced in a very traditional way. This 
cheese type is appreciated in the Italian kitchen. However the production in the restricted 
PDO area is well below the demand. “Fontal” is produced mostly in the North of Italy and is 
an industrial imitation making up for the shortage of Fontina. Once again it is important to 
protect the authentic product with high added value against fraudulent substitution with 
industrial imitations. 
The goal of the current work was to investigate some analytical techniques, based on the 
knowledge acquired during an Emmental study, for differentiating Raclette Suisse from 
French Raclette and Fontina PDO from Italian Fontal. Both primary (not influenced by the 
milk transformation) and secondary indicators (depending on the manufacturing technology) 
were considered. The manufacturing technologz (e.g. use of additives, milk heat treatment) is 
an expression of a tradition and the latter is bound to a region of origin. Therefore secondary 
indicators can be useful complement to primary indicators (2). 
The study was too small to deliver robust models for origin assignment but was only aimed at 
pointing to possible ways of doing large scale studies which need to be carried out to ensure 
good reliability of the models. 
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Material and methods 
Samples 
The twenty-eight Swiss Raclette samples were provided by Raclette Suisse® (Berne, 
Switzerland) from different regions in Switzerland. For the parameters lysozyme, natamycin 
and sorbic/benzoic acid, only half the Swiss samples were investigated. The fourteen French 
Raclette cheese samples were purchased directly in four different stores in France. Six were 
declared from Savoie or Haute-Savoie, one from Massif Central and one from Normandie. 
The origin of the remaining six samples was not known. All Raclette cheese samples were of 
type “nature”. 
The sixteen Fontina PDO samples were provided by the “Consorzio produttori Fontina” 
(Aosta, Italy). They were all produced during the winter in the valley. Ten Fontal cheeses 
were purchased in four different stores in the North of Italy (Fontal NI). One further Fontal 
cheese with Swiss manufacture (Fontal CH) was bought in Tessin. 
All samples were kept at –18°C until analysis. Natamycin and sorbic acid were measured in 
the rind. For the remaining analyses, 2 cm from the rind were discarded. The samples 
delivered to the various participating laboratories were cut into slices across the whole height 
of the block. This helped to avoid misinterpretation of results due to gradients in the block.  
 
Analytical methods 
A) Raclette cheese 
The following standard chemical analyses were carried out: water gravimetrically (4), fat 
according to Gerber van Gulik (5), 12 g/L TCA soluble nitrogen (TCA-SN) and water soluble 
nitrogen (WSN) according to Kjeldahl (6), sodium chloride potentiometrically with a silver 
electrode (7) and volatile organic acids by titration and gas chromatography (8). The pH-value 
was determined at room temperature using a penetrometric electrode (Mettler-Toledo, article 
no. 104063123).  
Nitrite was determined after fat and protein precipitation. The quantification occurred 
photometrically at 538 nm after addition of sulfanylic acid amide and N-(1-naphtyl)-
ethylendiamine dihydrochloride to the filtrate. Nitrate was determined after reduction to 
nitrite with cadmium covered with copper (9). 
Natamycin was extracted with methanol and quantified using high performance liquid 
chromatography equipped with a fluorescence detector (HPLC) (10). Sorbic and benzoic acid 
were derivatised with potassium hexacyanoferrate at pH 8, extracted with methanol and 
quantified using HPLC and an UV detector (11). Lysozyme was determined in the 
supernatant of a cheese-sodium chloride-water suspension at pH 4.3 using HPLC and a 
fluorescence detector (internal ALP method).  
For the determination of calcium, approximately 1 g of grated cheese was digested in 5 mL 
suprapure nitric acid (650 g/kg) at normal pressure. The solutions were analysed with an air-
acetylene flame atomic absorption spectrometer (12). 
15N/14N, 13C/12C, 2H/1H and 34S/32S ratios were determined in a protein fraction obtained as 
follows: the grated cheese samples were freeze-dried and then defatted with petroleum ether 
(Merck AG, Darmstadt, analytical grade) in a soxhlet apparatus. C, N and S were measured 
by Elementar elemental analyser Vario EL III coupled to an isotope ratio mass spectrometer 
(IRMS) AP 2003 (Elementar Analysensysteme GmbH, Hanau, Germany, and GVI 
Instruments Ltd. Manchester, UK). D/H ratios were measured on a Thermo Instruments delta 
XL plus IRMS coupled with a Thermo Instruments high temperature pyrolysis unit. 
The following standards with known ratios were used: a standard casein (Sigma-Aldrich, 
analytical grade) which had been calibrated in a European research project (SMT4-CT2236-
1998) for 13C/12C and 15N/14N, and later on for 2H/1H and 34S/32S against official reference 
materials (PEF-1 and NIST-22, V-CDT and silver sulfide, respectively). The values were 
reported in the δ-scale (‰) according to the corresponding international standards (PDB, 
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NBS-22, V-CDT, air N2). To check the reliability of the analyses, additional IHRM (in house 
reference materials) of known isotopic composition were used (wheat flour, lactose, sucrose). 
 
B) Fontina/Fontal cheese 
Volatile organic acids and stable isotope ratios were investigated using the same methods as 
for Raclette cheese. The activity of the alkaline phosphatase (ALP) was measured 
photometrically with p-nitrophenylphosphate as substrate (internal method FAM ME 
10202O.211). For the latter, the material for analysis was, in this case only, sampled directly 
under the rind.  
The samples were also investigated using near infrared spectroscopy (NIR). Approx. 150 g 
grated cheese were placed in a glass Petri dish and measured by diffuse reflection on a Büchi 
NIRLab N-200 spectrometer (Flawil, Switzerland). The Petri dish rotates around its centre 
during the measurement. For each sample 64 scans were recorded from 4000 cm-1 to 10000 
cm-1 with a spectral resolution of 2 cm-1. 
Lastly the volatile compounds were considered using an MS-based electronic nose of type 
SMart Nose (LDZ, CH-2074 Marin) equipped with a Combi Pal autosampler (CTC Analytics, 
CH-4222 Zwingen). The headspace volatiles were preconcentrated using an INDEx syringe 
(LDZ, CH-2074 Marin). Analytical conditions and data treatment were described elsewhere 
(13). 
 
Statistical analyses 
The NIR spectra were normalised between 0 and 1. Principal component scores from the 
correlation matrix were computed with PLSPlus/IQ Vs. 5.07 (Thermo Galactic, Salem, NH). 
In all cases, Principal Component Analysis (PCA) and Discriminant Analysis (DA) were 
performed using Systat Vs. 9.0 (SPSS Inc., Chicago, IL). 
 
 
Results and discussion 
 
Raclette cheese 
As the regional origin of four French samples was not known, only the categories Swiss and 
France were considered in a first step. From the 22 parameters measured (Table 1), only the 
following ten showed significant differences between the countries of origin: chloride, 
calcium, benzoic acid, lysozyme, natamycin, nitrite, δ2H, δ13C, δ15N and δ34S.  
The calcium content was significantly lower in Switzerland. Calcium chloride was most 
probably added to the milk for processing in France. Sorbic acid, which is allowed as additive 
for surface treatment, was not found in any sample. The benzoic acid concentration was 
higher in Raclette Swiss. Benzoic acid in cheese can be produced by three different natural 
pathways: reversible conversion from hippuric acid in the whole cheese body, breakdown of 
phenylalanine and autoxidation of benzaldehyde on the surface of smear-ripened cheeses (14). 
The concentration of this acid depends on several factors such as the composition of the 
microbial flora, the kind of cheese curing and ripening conditions. The current findings should 
therefore be confirmed with a higher number of observations. Lysozyme, natamycin and 
nitrite are additives whose use is authorised by EU and Swiss legislations. However the 
organisation “Raclette Suisse” voluntarily renounced their use to offer a 100% natural product 
to consumers1. Lyzozyme and nitrate/nitrite are often added to milk to prevent butyric acid 
fermentation. The lysozyme concentrations were below the detection limit of 15 mg/kg for all 
Swiss and for six French samples. The remaining French samples showed concentrations 
between 56 and 376 mg/kg. 
                                                 
1 From 2004, colouring additives are also forbidden for the manufacture of Raclette Suisse®. The presence of 
such additives may be used as further indicator. 
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The nitrite values were slightly lower in Switzerland but the broad variation ranges within one 
category rendered this potential indicator less significant. Natamycin is used as fungicide to 
protect the smear against moulds. Its concentration was below the detection limit of 0.1 mg/kg 
in all Swiss samples and in a single French one. The remaining French samples showed 
values between 0.7 and 19.3 mg/kg. Therefore samples with lysozyme or natamycin value 
over the detection limit can definitively be excluded from the Swiss category but the opposite 
is not true. Furthermore a Swiss manufacturer might illegally use additives. To avoid any 
confusion with foreign cheeses, indicators not depending on the manufacturing process are 
needed. 
The last four parameters (δ2H, δ13C, δ15N, δ34S) belonged to the group of primary indicators. 
They were already successfully used in dairy products (1, 15, 16). In cheese making, these are 
only function of the composition of the milk used, and not of the manufacturing technology. 
The values for the four stable isotope ratios in Raclette Suisse were comparable to those 
found in Emmentaler Switzerland cheese (17). Even the δ13C values were all typical for maize 
silage-free zone (< -22‰). In France, two sub-categories could clearly be distinguished with 
the samples originating from Northwest (NW) and those from East-Central, Savoie and 
Haute-Savoie (EC). Figure 1 shows the correlation between δ2H and δ34S in French Raclette 
and highlights the obvious groups. The parameters with significantly different content 
between both French regions are listed in Table 2. The values in the category NW were 
comparable to those found in the Emmental cheese FTb (Bretagne) and the ones in the 
category EC were in the range of the categories Emmental cheese FR (Savoie) and FTe (East-
Central) (17). The absolute clear differentiation between both regions brought to light the first 
cases of fraud. Indeed, two samples labelled with “Fabriqué en Haute-Savoie” were, 
according to the analytical results, manufactured in a coastal region, or at least the milk used 
was not from Haute-Savoie. For more details on the interpretation of stable isotope ratios, see 
in (17). 
 

δ2H

δ3
4 S

R = 0.93

δ2H

δ3
4 S

R = 0.93

 
Figure 1 Correlation between the stable isotope ratios δ2H and δ34S in French Raclette 
cheese.  
 
 
A PCA using the factors δ2H, δ13C, δ15N, δ34S and calcium was carried out. The scores of the 
first two principal component allowed a good separation of the regions of (Figure 2). 
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Figure 2 Scores of principal component analysis using the factors δ2H, δ13C, δ15N, δ34S and 
calcium. Discrimination between Raclette cheese originating from Switzerland, France North-
West and France East/Centre. Evidence of mislabelling of two samples. 
 
 
Fontina and Fontal cheese 
The results of the various parameters measured are listed in Table 3. To be recognised as 
PDO, Fontina cheese must be made from raw milk. Usually, the milk used for the 
manufacture of industrial semi-hard cheese is pasteurised. Indeed the results of the ALP 
activity indicated clearly that pasteurisation was carried out in the regions outside the Aosta 
Valley. For Fontina PDO, the ALP values varied between 1799 and 5046 IU/kg. In Fontal 
cheese, all values were 0 expect one at 56 IU/kg. ALP is therefore a perfect indicator for 
recognising the authenticity of Fontina PDO among the samples investigated. 
The parameters δ2H, δ13C and δ15N also showed significant difference. The higher δ2H values 
encountered in Fontal NI may be explained by the proximity to the sea compared to the Aosta 
Valley and the region where Fontal CH was manufactured. The reason for the higher δ13C 
value in Fontal NI is clearly the use of maize silage. Figure 3 shows the scores of a principal 
component analysis using the parameters ALP, δ2H and δ13C. The separation between the 
regions of origin is perfect. The significantly lower δ15N values in Fontina can be explained 
by the very extensive agriculture encountered in this alpine valley. The volatile short-chain 
acids and δ34S did not deliver useful results. 
An interesting discrimination could also be achieved using the electronic nose. A PCA 
combining the signal of the mass-to-charge ratios 45, 83 and 86 showed a good separation 
between the two groups Fontina PDO and Fontal NI/CH (Figure 4). As volatile compounds 
are very sensitive to variations in manufacture, these results must be confirmed with more 
samples. The use of volatile compounds for geographic origin assignment will be specially 
delicate during the summer months when Fontina is produced on different pastures in 
highland regions. The diversity among the PDO sample will strongly increase and might 
render these indicators less significant.  
 

 142



Table 3 Parameters measured in the investigated Fontina and Fontal cheeses 
 ANOVA Fontina PDO (n = 16) Fontal NI (n = 10) Fontal CH (n = 1) 
Parameters  x sx x sx x sx 
AP (IU/kg) *** 2752A 1011 6B 18 0B - 
δ2H (‰) *** -127.66B 5.3 -110.7A 5.1 -123.8AB - 
δ13C (‰) *** -23.49B 0.90 -19.80A 2.2 -24.68B - 
δ15N (‰) *** 4.51B 0.49 5.72A 0.77 6.29A - 
δ34S (‰) - 4.52 1.20 5.26 0.75 3.76 - 
C1 (mmol/kg) - 1.43 0.34 1.8 0.85 2.12 - 
C2 (mmol/kg) - 10.57 3.95 10.6 5.02 16.3 - 
C3 (mmol/kg) - 0.41 0.66 0.2 0.35 0.08 - 
n-C4 (mmol/kg) - 0.48 0.47 1.1 0.78 0.78 - 
n-C6 (mmol/kg) - 0.08 0.03 0.2 0.25 0.19 - 
Caption: x = mean value; sx = standard deviation; ANOVA: ns = not significant, *) p≤0.05, 
**) p≤0.01, ***) p≤0.001 
Production sites: A>B>C>D (=significantly different contents p≤0.01) or  
AB = A and B overlap by using an univariate discriminant analysis 
 
 
Principal component (PC) scores were extracted from the NIR data set and a discriminant 
analysis was applied on the first 10 PCs. In the Jackknifed classification, only 50% correct 
assignment was achieved, which is not sufficient. 
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Figure 3 Scores of principal component analysis using the factors ALP, δ2H and δ13C. 
Discrimination between the true Fontina PDO, Fontal cheese produced in the North of Italy 
(NI) and in Switzerland (CH). 
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Figure 4 Scores of principal component analysis using the factors m/z= 45, 83, 86 from the 
electronic nose. Discrimination between the true Fontina PDO and Fontal cheese produced in 
the North of Italy (NI) and Switzerland (CH). 
 
 
Conclusion 
Apart from Emmentaler Switzerland, Raclette Suisse is a cheese typically made in 
Switzerland which could be exposed to fraudulent substitution with foreign imitations. The 
presence of lysozyme or natamycin, both additives allowed by EU and Swiss legislations but 
not by the organisation “Raclette Suisse”, can be used to exclude a Swiss origin. Both are 
secondary indicators which are not directly related to the geographic origin. Primary 
indicators such as stable isotope ratios are very useful in food traceability. By measuring the 
stable isotope ratios δ2H, δ13C, δ15N, δ34S, two subcategories were clearly formed within the 
French samples, i.e. northwest and centre/east France. A principal component analysis (PCA) 
using the four stable isotope ratios and the calcium content resulted in a good separation in the 
three categories. These analyses brought to light two likely cases of mislabelling. 
Fontina PDO is a cheese produced exclusively in the Aosta Valley. Imitations are 
manufactured in the North of Italy and in Switzerland and sold under the name Fontal. It was 
possible to discriminate between the true Fontina PDO and its imitations thanks to the 
alkaline phosphatase (ALP) activity. The former is a raw milk cheese with enzyme activity 
higher than 1700 IU/kg whereas the corresponding imitations are made from pasteurised milk 
with ALP activity lower than 56 IU/kg, mostly of 0 IU/kg. A PCA using the parameters ALP, 
δ2H and δ13C allowed a perfect separation between Fontal north Italy, Fontal Switzerland and 
Fontina PDO. NIR analyses did not produce any significant discrimination 
 
Acknowledgement 
The authors thank the Swiss Federal Office of Public Health for its financial and logistical 
support to the project, G. Urbach and G. Gremaud for their reviewing of the publication as 
well as A. Chatel, and J.F. Chamba for their help in collecting the samples. 
 

 144



Summary 
The following analytical parameters were considered as potential markers of origin for 
Raclette Suisse: fat, water, 12%-TCA soluble nitrogen, water soluble nitrogen, chloride, 
volatile short-chain acids, pH-value, nitrite/nitrate, natamycin, sorbic and benzoic acids, 
lysozyme, calcium, 2H/1H, 13C/12C, 15N/14N and 34S/32S ratios. A principal component analysis 
using these four stable isotope ratios as well as the calcium content showed a good separation 
of the three regions of origin, i.e. Switzerland, France Northwest and France Centre/East. The 
additives natamycin and lysozyme were not detected in the Swiss samples. For determining 
the authenticity of Fontina PDO, the parameters alkaline phosphatase, volatile short-chain 
acids, 2H/1H, 13C/12C, 15N/14N and 34S/32S were measured. The genuine Fontina cheese was 
clearly differentiated from imitations (Fontal cheese) by the alkaline phosphatase activity due 
to different heat treatments of the milk. Further measurements were carried out using a NIR 
spectrometer and a MS-based electronic nose. The former equipment did not deliver useful 
results whereas a good separation was achieved using the latter equipment. 
 
Zusammenfassung 
Die folgenden analytischen Parameter wurden als potenzielle Herkunftsindikatoren für 
Raclette Suisse betrachtet: Fett, Wasser, 12%-TCA löslicher Stickstoff, wasserlöslicher 
Stickstoff, Chlorid, flüchtige kurzkettige Säuren, pH-Wert, Nitrit/Nitrat, Natamycin, Sorbin- 
und Benzoesäure, Lysozym, Kalzium und das Verhältnis verschiedener Isotope (2H/1H, 
13C/12C, 15N/14N und 34S/32S). Eine Hauptkomponentenanalyse mit diesen vier 
Isotopenverhältnissen sowie dem Kalziumgehalt zeigte eine Trennung der Herkunftsregionen, 
d.h. Schweiz, Frankreich Nordwesten und Frankreich Zentrum/Osten. Die Zusatzstoffe 
Natamycin und Lysozym konnten in den schweizerischen Proben nicht nachgewiesen werden. 
Für die Bestimmung der Authentizität von Fontina GUB wurden die Parameter alkalische 
Phosphatase, flüchtige kurzkettige Säuren, 2H/1H, 13C/12C, 15N/14N und 34S/32S herbeigezogen. 
Die echte Fontina GUB unterschied sich klar von Nachahmungen (Fontalkäse) dank der 
alkalischen Phosphatase-Aktivität auf Grund unterschiedlicher Hitzebehandlungen der 
Kessimilch. Ausserdem wurden noch Messungen mit einem NIR-Spektrometer und einer auf 
Massenspektrometrie basierenden elektronischen Nase durchgeführt. Das erste Gerät lieferte 
keine eindeutige Resultate, während mit dem zweiten Gerät eine gute Trennung erreicht 
werden konnte. 
 
Résumé 
Les paramètres analytiques suivants ont été considérés comme marqueurs potentiels d’origine 
géographique pour la Raclette Suisse : teneurs en matière grasse, eau, azote soluble dans le 
TCA à 12%, azote soluble dans l’eau, chlorure, acides volatils à courte chaîne, valeur de pH, 
nitrite/nitrate, natamycine, lysozyme, calcium, rapports 2H/1H, 13C/12C, 15N/14N et 34S/32S. Une 
analyse par composantes principales incluant ces quatre rapports isotopiques ainsi que la 
teneur en calcium montre une séparation des échantillons de fromage à raclette selon leurs 
trois régions d’origine, à savoir la Suisse, le Nord-Ouest et le Centre/Est de la France. La 
concentration des additifs natamycine et lysozyme se situait en-dessous du seuil de détection 
dans les échantillons suisses. En vue de l’authentification de la Fontina AOC, les teneurs en 
phosphatase alcaline, acides volatils à courte chaîne, rapports 2H/1H, 13C/12C, 15N/14N et 
34S/32S ont été examinés. La véritable Fontina AOC se différenciait clairement des imitations 
(fromage de Fontal) par l’activité de la phosphatase alcaline après les différents traitements 
thermiques appliqués au lait. Des mesures ont également été effectuées à l’aide d’un 
spectromètre NIR et d’un nez électronique basé sur la spectrométrie de masse. Le premier cité 
n’a donné aucun résultat significatif alors que le second a permis une bonne séparation. 
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Introduction 
Genuineness of foods in regard to their geographic origin is a well-known problem for 
products such as wine, meat, olive oil or honey. All these products are manufactured and 
consumed in many countries and their sell price vary strongly depending on their origin. Both 
food properties, international market and price differences, make fraud possible and 
interesting. Several European cheeses meet these conditions too, e.g. Camembert, Emmental, 
Parmesan, Feta, Gouda, Cheddar. For many consumers, it does not matter where the milk or 
the cheese comes from, as long as the product satisfies the quality requirements. This explains 
maybe the scarce literature dedicated to the geographic origin of cheeses. However in certain 
regions, especially in Latin and Alpine countries, much more importance is given to the origin 
of foods manufactured according to a long tradition and whose image is bounded to a regional 
or national identity. Feta, Camembert, Parmiggiano Reggiano, Emmental, Raclette are some 
examples of cheeses defended by understandable patriotism where analytical tools for 
ensuring their authenticity correspond to a real demand. A further cheese category of interest, 
often with smaller production scale and rather regional significance, is represented by the 
PDO cheeses. In this case, the limits are not given by national boundaries but by local border 
lines strictly defined in the schedule of conditions according to the PDO registration. In this 
case, fraud often comes from regions close to the PDO area and not necessarily from abroad. 
PDO labels confer an additional affective value to the product. Consumers show their will to 
support handcraft and traditional activities by accepting prices up to 20% higher than for 
standard products. 
The goal of the current article is to summarise the results already published in a series of 
paper (1-10) within a 3-year project on the authenticity of Emmentaler Switzerland™. These 
results are presented in such a way that they should be useful and usable for canton chemists 
in a real case of fraud suspicion. Some preliminary results obtained for Raclette Suisse® are 
also shortly reminded (11). Finally some attention is dedicated to the potential and 
perspectives of the analytical approach for the authentication of other cheeses manufactured 
in Switzerland. 
 
 
Authenticity of Emmentaler Switzerland™: a case study 
Emmentaler Switzerland™ is manufactured in a large arc in middle Switzerland, from west 
(Fribourg) to east (Chur). The technology of milk transformation is however almost the same 
in all cheese dairies. Around 99% of the cheese makers use cultures from the FAM and the 
fabrication process is very similar. This makes it possible to use secondary indicators, i.e. 
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those depending on the fabrication technology, for authentication purposes. In opposition, 
primary indicators depend only on the milk used. The analytical methods and parameters used 
in this project are presented in Table 1. Sampling procedure, samples’ origin, ripening time 
and analytical methods are described in detail elsewhere (9). Discriminant analysis and 
artificial neural network were used to classify the 183 samples into the seven corresponding 
European regions of origin (10). Emmental is of course also manufactured outside Europe. 
North America, Australia, New Zealand and Eastern Europe are also important Emmental 
manufacturers. These regions were not included in the current study for logistical reasons but 
discriminating the corresponding cheese samples from the Swiss ones should be possible 
using for instance stable isotope ratios. 
 
 
Table 1 Analytical methods used for the authentication of Emmentaler Switzerland™  
and their corresponding price 
Method/Parameter Included parameters Price (CHF) 
Volatile short chain acids Formic acid (C1) 

Acetic acid (C2) 
Propionic acid (C3) 
Butyric acid (C4) 
Pentanoic acid (C5) 
Hexanoic acid (C6) 

110 

Chloride Cl 33 
pH-value pH 22 
Total nitrogen TN 68 
Water soluble nitrogen WSN 79 
12%-TCA soluble nitrogen TCA-SN 79 
Enterococci ENT 30 
Obligate heteroferm. Lb. OHL 45 
Lb helveticus Lb helveticus 100 
Lactate L-Lact 

D-Lact 
99 

Pyruvate Pyru 65 
Succinate Succ 65 
L-Leucin-aminopeptidase LAP 56 
Elements (AAS)1 Cu, Mg, Na, Zn 150 
Stable isotope ratio (IRMS)2 δ2H, δ13C, δ15N and δ34S 500 
1 The price is about 50.- for a single element. 
2 The hydrogen ratio is not measured on a the same instrument as the three others. Price 
correction of ca. 100.- if only one instrument is used. 
 
 
Using eleven parameters (C3, pH, WSN, D-Lact, Succ, LAP, Cu, δ2H, δ13C, δ15N, δ34S; see 
abbreviations in Table 1) in a discriminant analysis (DA), a 95% correct classification was 
achieved in the Jackknifed validation for all 7 categories (global model). Five Swiss 
Emmental out of 70 were misclassified as German or Austrian cheeses. Inversely no foreign 
samples were classifieded in the Swiss category.  
A second approach was tested to optimise the discrimination of Emmentaler Switzerland. In 
the latter, the Swiss samples were confronted pairwise to the samples of the other regions 
considered separately. In other words, a new DA was carried out for each the six pairs 
Switzerland vs. another region (pairwise model). In each pair, 100% correct classification was 
achieved using the corresponding groups of parameters presented in Table 2. In a concrete 
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case, all six models must be calculated. If an unknown sample is then assigned to the Swiss 
category in all six models, it can be proclaimed Emmentaler Switzerland with a very high 
reliability. The drawback of both approaches is their price. The measurement of the 15 
parameters from the pairwise model will cost approximately 1050 CHF. The missing 
parameters to complete the global model, WSN and Cu, will cause additional costs of 
approximately 130 CHF. 
 
Table 2 Parameters used in the pairwise models 
CH vs A D FI FR FTb FTe 
C2    X  X 
C3 X   X  X 
pH  X     
TN  X     
OHL X   X   
ENT  X  X   
D-lactate X X X    
L-lactate X      
Succinate X X     
Pyruvate  X X    
LAP X X X    
δ2H X      
δ13C   X  X X 
δ15N X   X X X 
δ34S X  X  X  
 
 
Moreover there are some robust parameters, not influenced by the season, which are typical 
criteria for Switzerland. The content in Lb helveticus and LAP are the most interesting ones. 
Lb helveticus is no more used in the cheese starters in Switzerland at present, whereas it is 
frequently used abroad to shorten the ripening time. Its presence was determined by DNA 
analysis after polymerase chain reaction. This analysis was not quantitative and the results 
were therefore separated into two groups with an arbitrary upper limit of 3 ng DNA/g. This 
threshold was chosen in such a way that the samples belonging to the group with highest 
values were certainly not originating from Switzerland (Table 3). 77% of the foreign samples 
could in this way be excluded from the Swiss category. This indicator will of course only be 
valid as long as this species will not be reintroduced in the manufacturing process of 
Emmentaler Switzerland. LAP is an enzyme which exhibits very low activities in the 
Emmentaler Switzerland. The highest value found in a Swiss sample was 4.3 IU/kg. All other 
values were below 3. A threshold value of 10 IU/kg was set to ensure that all samples with 
higher activity were not Swiss. 50% of the foreign samples could be excluded in this manner. 
Combining both LAP and Lb helveticus results, only 15% out of the 113 investigated foreign 
samples could still potentially be misclassified as Swiss ones. Figure 1 summarises a possible 
way of resolving efficiently the problem of the geographic origin of European Emmental 
cheese. Samples manufactured oversee will not be assigned correctly in the global model 
because the corresponding regions were not considered for the sampling but it will be at least 
possible to exclude them from the Swiss category using the pairwise model. The database for 
carrying out the DA is available by the authors. 
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Table 3 Lb helveticus content and LAP activity in the investigated 183 Emmental samples 
 
 
 

Switzerland 
 

CH 

Austria 
 

A 

Finland 
 

FI 

France 
Bretagne 

FTb 

France 
Savoie 

FR 

France 
East-central 

FTe 

Germany 
 

D 
Lb helveticus        
≤ 3 ng/g DNA 70 10 0 5 1 1 9 
> 3 ng/g DNA 0 5 12 14 31 11 14 
        
LAP (IU)        
≤ 10 70 15 0 2 21 5 14 
> 10 0 0 12 17 11 7 9 
 
 

igure 1 Flow chart for the determination of the geographic origin of European Emmental 
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F
cheese. The analysis of Lb helveticus is not required for performing the pairwise and global 
models but provide complementary information. 
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Finally fluorescence and mid-infrared spectra were also recorded on the cheese samples (12-
14). 77% correct classification was obtained in the validation set combining 80 principal 
component (PC) scores from both spectroscopic methods (14). The introduction of some of 
these PC scores in the discriminant analyses mentioned above, did not significantly improve 
the classification power of the model (data not shown). These spectroscopic methods were 
therefore not retained for application in control procedure. 
Emmentaler Switzerland™ in block is already well protected against fraud by its guarantee 
mark in the rind. The analytical investigations are of interest for pre-packed and grated 
cheese.  
 
 
Authenticity of Raclette Suisse: a preliminary study 
Raclette Suisse® is surely the second most probable cheese type in Switzerland likely to be 
substituted with cheaper imitations. Germany, Austria and specially France manufacture 
Raclette cheese partly at lower costs and export it into Switzerland. Unlike Emmental, the 
manufacturing conditions of Raclette vary strongly, also within Switzerland. Starter cultures, 
milk heat treatment (raw vs pasteurised) and smear culture are some of the technological 
parameters which may change from one cheese dairy to the other. The use of secondary 
indicators was therefore less indicated. However the presence of some additives such as 
natamycin and lysozyme delivered highly interesting information for discriminating between 
Swiss and foreign Raclette cheeses. The organisation “Raclette Suisse” voluntarily renounced 
the use of such additives to offer a 100% natural product to consumers. In all investigated 
French samples, at least either natamycin or lysozyme were detected. But it is not possible to 
exclude the existence of foreign samples free from additives. Primary indicators such as the 
stable isotope ratios 2H/1H, 13C/12C, 15N/14N and 34S/32S were also investigated. They made it 
possible, in combination with the calcium content (a secondary indicator), a perfect 
discrimination into the three regions of origin Switzerland, France North-West and France 
East/Centre (Figure 2). More details on this preliminary study are given elsewhere (11). The 
organisation Raclette Suisse® only just decided to ban also smear colorant in their products. 
The presence of colorant will therefore be a further indicator for the non-Swiss origin. 
 
 
Perspectives for other cheese types from Switzerland 
The most important Swiss cheeses with their corresponding tonnage are listed in Table 4. The 
risk of mislabelling in Switzerland and abroad, the technical feasibility and the economic 
viability of the analytical approach were arbitrarily evaluated for each cheese type (subjective 
estimation). 
Even if they do not carry a label with an independent control authority such as Protected 
Denomination of Origin (PDO) or Protected Geographical Indication (PGI), most of the hard 
and semi-hard cheese type made in Switzerland undergo a schedule of conditions defining a 
restricted production area. It is therefore theoretically possible to find illegal Swiss imitations 
of such products. The probability of finding foreign imitations depends on the cheese type 
considered. The risk is very low for special products such as Appenzeller cheese and very 
high for more common types such as Raclette cheese. Only in the latter case it makes sense to 
invest in research for differentiating Swiss samples from foreign ones. A special group of 
cheeses without any label but of regional or even national importance are the Alp (highland) 
cheeses. Cheeses of this group may suffer disloyal local concurrence because their 
manufacturing is only allowed during the summering of cattle on mountain pastures. 
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igure 2 Canonical scores of a discriminant analysis using the factors δ2H, δ13C, δ15N, δ34S 

itations made from milk obtained in the valley represent therefore a high potential of fraud. 
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and calcium. Discrimination between Raclette cheese originating from Switzerland, France 
North-West and France East/Centre. 
 
 
Im
Alp cheeses are very appreciated in Switzerland. Moreover the prices for these products 
bounded to a good deal handwork are of course higher. As these cheeses are sold almost 
exclusively from private or small local stores, it is also difficult to survey the genuineness of 
large amounts. Chemical indicators are already known for differentiating cheeses 
manufactured in high- or lowlands. Terpenes (15-17) and conjugated linoleic acids (18-19) 
are good indicators of the diversity of the botanical flora which increases from lowland to 
mountain pastures. Local or regional differences occur in function of the geomorphology, 
geology and climatology from one zone to the other. These indicators are therefore limited to 
cases with important altitude differences. Recently a method based on fluorescence delivered 
excellent results for differentiating the three cheese types L’Etivaz, highland and lowland 
Gruyere (20). Moreover some highland cheeses such as L’Etivaz must be made on an open 
fire with wood. Polycyclic aromatic hydrocarbons contained in the dissolved smoke are 
sensitive and specific indicators for such cheeses (21). 
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Summary 
The main conclusions of a 3-year project on the authenticity of Emmental cheese are 
presented. The discrimination between the 183 Emmental samples originating from seven 
European regions (Switzerland, France Savoie, France Bretagne, France East-Central, South 
of Germany, Austria and Finland) was correct at a rate of 95% using a global model. The 
Emmentaler Switzerland™ could even be recognised to 100% in a pairwise model. The main 
drawback of these models is their elevated costs (approx. 1050 CHF / sample). 
Complementary, a preliminary study on the authenticity of Raclette Suisse® pointed out the 
potential of stable isotope ratios (δ2H, δ13C, δ15N, δ34S) and calcium content to discriminate 
between Raclette Suisse® and Raclette cheese manufactured in France. Finally a subjective 
analysis of the risks of mislabelling, the analytical feasibility and the cost/benefit ratios for the 
main cheese types made in Switzerland is presented. It shows that only a few cheese types 
such as Sbrinz and Walliser Raclette would present cost/benefit ratios really interesting 
enough to justify laboratory research. 
 
Zusammenfassung 
Die wichtigsten Schlussfolgerungen eines dreijährigen Projektes über die Authentizität von 
Emmentalerkäse werden vorgestellt. Die 183 Emmentalerproben aus sieben europäischen 
Regionen (Schweiz, Frankreich Savoyen, Frankreich Bretagne, Frankreich Ost-Zentrum, 
Süden von Deutschland, Österreich und Finnland) konnte zu 95% korrekt mit einem globalen 
Modell diskriminiert werden. Der Emmentaler Switzerland™ wurde mit einem paarweise 
Modell sogar zu 100% richtig erkannt. Der Hauptnachteil dieser Modelle ist dessen hoher 
Preis (1050 CHF / Probe). Daneben zeigte eine Vorstudie über die Echtheit von Raclette 
Suisse® das Potenzial der Verhältnisse von stabilen Isotopen (δ2H, δ13C, δ15N, δ34S) und des 
Kalziumgehaltes, um zwischen Raclette Suisse® und in Frankreich hergestellten Raclette zu 
diskriminieren. Schliesslich wird eine subjektive Analyse der Risiken einer falschen 
Deklaration, die analytische Machbarkeit und das Kosten/Nutzen-Verhältnis für die in der 
Schweiz hergestellten wichtigsten Käsesorten vorgestellt. Es zeigt sich, dass nur wenige 
Käsesorten wie Sbrinz oder Walliser Raclettekäse ein interessantes Kosten/Nutzen-Verhältnis 
aufweisen würden, um weitere Forschung zu rechtfertigen.  
 
Résumé 
Les principales conclusions d’un projet de trois ans sur l’authenticité du fromage Emmental 
sont présentées. La discrimination de 183 échantillons d’Emmental provenant de sept régions 
européennes (Suisse, France Savoie, France Bretagne, France est-central, sud de l’Allemagne, 
Autriche et Finlande) a été possible à 95% avec un modèle global. L’Emmentaler 
Switzerland™ a même pu être reconnu à 100% dans un modèle par paires. Le principal 
inconvénient de ces modèles est leur prix élevé (env. 1050 CHF / échantillon). En 
complément, une étude préliminaire sur l’authenticité de la Raclette Suisse® a mis en 
évidence le potentiel des rapports d’isotopes stables (δ2H, δ13C, δ15N, δ34S) et de la teneur en 
calcium pour discriminer la Raclette Suisse® et la raclette produite en France. Finalement une 
analyse subjective des risques de fausse déclaration, de la faisabilité analytique et des rapports 
coûts/profit pour les principaux fromages suisses est présentée. Elle montre que seules 
quelques sortes de fromage comme le Sbrinz ou la Raclette du Valais présenteraient des 
rapports coûts/profit suffisamment bas pour justifier une investigation analytique. 
 
Key words 
Authenticity, Traceability, Emmental cheese, Raclette, PDO, Geographic origin 
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Annex A 
Assay for the geographic authentication of Emmental cheese using INDEx 
coupled to an MS-based electronic nose  
 
 
Introduction 
In a preliminary study, a MS-based electronic nose was tested in static headspace mode to 
discriminate between the geographic origins of the 20 investigated Emmental cheeses 
(Chapter 9). Though no complete discrimination could be achieved, the results showed a good 
trend towards grouping. It is known that preconcentration of the volatiles prior to injection 
enhances the discriminating ability when medium- and high boiling compounds are of 
interest. For instance, preconcentration systems such as Solid Phase Micro-Extraction 
(SPME) and Inside Needle Dynamic Extraction (INDEx) significantly improved the 
differentiation between  three processed cheese types (Chapter 4). Though still at a 
developmental stage, INDEx had important advantages over SPME with respect to the 
longevity of the sorbent phase and the speed  of the analysis. 
The aim of the current investigation was to evaluate the capacity of an MS-based electronic 
nose of type SMart Nose, combined with the INDEx preconcentration system, to differentiate 
Emmental samples according to their geographic origin. Due to several technical difficulties, 
the experiment had to be suspended before all available cheese samples had been analysed. 
 
Material and Methods 
Cheese samples 
Only 102 out of the 183 Emmental samples described in Chapter 12 could be analysed. The 
major problem occurred with the INDEx needle while a single specimen was available. It was 
irreversibly damaged by inadequate handling and the work could not be continued with the 
remaining samples.  
 
SMart Nose analysis 
Sample preparation, analytical equipment, working conditions and data acquisition are 
already described in Chapter 4 for INDEx. The samples were analysed in six series on 
different days according to Table 1. A processed cheese of type “1/4 fett” was also analysed at 
the same time and served as control material together with blanks for the standardisation of 
the other values (see Chapter 3). Principal component analysis (PCA) and discriminant 
analysis (DA) treatments were performed on the selected most discriminating masses.  
 
Table 1 Scheme of analyses of Emmental 
 A CH D FI FR FTb FTe 
Day 0 2 1 1 - 1 - 1 
Day 1 3 4 2 1 2 - - 
Day 3 1 8 6 1 5 3 3 
Day 4 1 5 2 3 2 1 1 
Day 5 1 9 3 2 2 2 2 
Day 7 1 10 3 - 4 4 - 
Total 9 36 17 7 16 10 7 
Caption: the numbers indicate how many samples from  
a given region were analysed within the corresponding day 
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Results and discussion 
In a first approach, all regions were considered simultaneously. After a PCA including six ion 
masses (31, 100, 58, 66, 102, 44), only 46% of the samples were correctly assigned. A 
discriminant analysis (DA) including 13 ion masses slightly improved the results reaching 
57% correct classification.  
In a second approach, the Swiss samples were compared one by one with the other regions 
considered (Model 4 in chapter 13). For all pairs, the overall correct classification rate was 
between 71% and 93% in the PCA using an optimised set of masses for each pair. The 
number of observations available compared to the number of factors required in the model 
was too small to allow DA to work  adequately. taking into account the poor results obtained 
in the first approach, it is improbable that any good classification could be achieved, even 
with a supervised model.  
 
Conclusion 
A new preconcentration technique, called INDEx, coupled to an MS-based electronic nose 
was tested for its ability to distinguish Emmental cheese according to its geographic origin. 
The INDEx needle was irreversibly damaged by inappropriate handling when only about half 
the samples had been measured. The data obtained were however analysed. In a discriminant 
analysis containing groups from all the origins, only 57% of the samples could be correctly 
assigned. One possible explanation for these poor results is that the MS-based electronic nose 
may not be adequate for resolving the problem of geographic origin of Emmental. The second 
possible explanation is that the volatile compounds themselves might not be adapted to this 
task. The variability that occurs in the volatile profile of cheese manufactured in a same 
region might be too large to use volatiles as indicators. For example, forage and milk 
microbial activity, both of which strongly influence  the composition of volatiles, can vary 
from farm to farm and from day to day. The positive results obtained in Chapter 9 were based 
on only 20 samples and were therefore not representative. A complete GC-MS analysis of all 
183 samples would be necessary to find out whether  volatiles would or would not be useful 
for this task. Such an investigation would be extremely time-consuming if a standard Purge & 
Trap technique were to be used. Automated systems using a thermal desorption unit with 
offline loaded traps or SPME should be investigated. 
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Annex B 
Use of a thermal desorption unit for the analysis of volatile compounds in 
food: preliminary experiments 
 
 
Introduction 
In the preliminary study, volatile compounds from Emmental cheese were determined using 
Purge & Trap/GC-MS (Chapter 9). In this small scale study containing only 20 samples, 
volatiles were shown to be very interesting indicators of origin, though most of the key 
components were close to the MS detection limit. Moreover the extraction and injection 
technique used for the analysis was extremely time-consuming because several manual 
operations were required. The analysis of 183 samples would have been very time-
consuming. A newly acquired instruments made possible an automated desorption and 
analysis of a series of traps which had previously been loaded offline. 
The initial idea was to develop a method for the determination of volatiles in Emmental using 
an instrument with offline loaded traps and automated thermal desorption. However, due to a 
delivery delay of three months of the instrument and problems of contaminations in the first 
weeks of operation, only some aspects of the loading conditions and the problem of water 
were investigated. The amount of water in the gaseous phase of water-rich matrices may lead 
to a series of more or less serious problems. A very complete description of the latter was 
presented in the thesis of Canac-Arteaga1. The major difficulties encountered were the 
formation of artefacts, the obstruction of the cryotrap, the degradation of polar columns, the 
shift in the retention times, the worsening of the separation and the creation of double peaks. 
The goal of the current work was to gather information in order to optimise the loading 
conditions to limit or even prevent such problems. The improvement of the chromatographic 
resolution was only of secondary importance. 
 
Material and Methods 
Description and preparation of the samples 
In some of the experiments, a processed cheese of type “Salami” as described in Chapter 2 
was used as control material. For the other experiments, Swiss Emmental cheese was used. 
200 g Emmental cheese were grated, mixed and kept at –20°C and used as standard cheese. 
Two grams grated cheese or 7 g suspension (10 g cheese in 40 g degased Millipore water, 
homogenised for 1 min at 8000 rpm) were placed in the loading cell described below. 
 
Loading cell 
A special glass apparatus was designed for loading the traps. (Figure 1). The lid had two 
openings, one for the gas inlet and one for the cartridge containing the absorption material. 
The Teflon gas inlet tube could be easily moved up and down to allow both a purge at the 
surface or into the bulk of the sample. The cartridge was normally set directly on the lid as 
shown in Figure 1. To investigate some effects of water condensation, the cartridge was 
sometimes connected to the loading cell by a 80 cm long Teflon tube. If not specified, the 
traps were loaded for 8 min with a purge of 30 mL/min nitrogen (> 99.999%). A trial with 
two traps connected one after the other confirmed that the trap was not overloaded by these 
conditions (data not shown). 
 
 

                                                 
1 Canac-Arteaga, D. (2001). Contribution à l’amélioration de l’analyse de la fraction volatile de produits richens 
en eau par espace de tête dynamique couplé à la chromatographie en phase gazeuse et spéctrométrie de masse. 
Thèse de l’université d’Auvergne, France. 
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TDS-GC system 
A GC-MS Agilent 5973N (Agilent, Palo Alto, USA) was equipped with a thermodesorption 
unit TDSA2 with programmable temperature vaporization inlet (PTV) (Gerstel, Mühlheim, 
Germany). Tenax TA Thermal Desorption Tubes were used (Gerstel, art. 012260-005-00). 20 
cartridges can be placed on the rack and undergo a fully automated thermal desorption and 
analysis. Figure 2 shows a diagram of the system pneumatics. A working cycle of the TDS 
unit can be divided into three steps: dry purge, desorption and cryotrap desorption. In the 
Purge&Trap system of Tekmar, the three steps are carried out within three independent 
circuits connected by a 6-port valve. In the TDS system, one single circuit manages all three 
consecutive steps by splitting the flow at the outlet of the oven and in the PTV inlet (Figure 
2).  
The following parameters were set in the Agilent program for the GC-MS: purge gas, 
nitrogen; solvent vent mode; pressure, 98 kPa; total flow at 54 mL/min; vent flow at 50 
mL/min; vent pressure at 98 kPa for 0.10 min; purge flow to split vent at 50 mL/min for1.00 
min. The temperature for the cryotrap is controlled from the Gerstel program: hold at –140 
°C; heated at 12 °C/s to 260 °C, hold for 5 min. 
Separations were performed on a 60m x 0.32 mm x 1 µm DB-1 column (Agilent). This may 
not be the ideal column for the separation of Emmental volatile compounds, but it has already 
been used in other investigations (Chapter 9), making comparison possible. Temperature 
program was as follows: hold 10 min at 35°C, heated at 3.5 °C/min to 140°C, heated at 5 
°C/min to 170 °C, heated at 40 °C/min to 250 °C and hold for 5 min. 
Two detectors, a FID and a MSD, were mounted in parallel by splitting the flow at the end of 
the capillary column. The MSD operated in the scan mode from 18 to 250 amu at 3.15 scan/s, 
ionisation was by EI at 70 eV. 
The MS signals (peak height) were used to compare the results obtained. Within a series of 
experiments, a single autotuning was carried out. 
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Figure 2 Schema of the TDS unit pneumatic

 
 
Results and discussion 
Water peak in blanks 
Empty dry tubes were desorbed to check the minimal water amount coming into the system. 
The water signal was measured using the molecular ion m/z=18. The TDS worked first in the 
sample remove mode. After each desorption, the sample tube was removed and replaced with 
the zero-tube (empty tube always in position zero) to avoid any further contamination during 
the analysis. The signal intensity of the water peak was 2.5•108. This value is abnormally 
high. There is probably a leak in the transfer line between the TDS oven and the 
cryofocussing unit. In the standard mode, the sample tube remains in the oven during the 
whole analysis. The oven is opened once instead of twice during the analysis. The water peak 
intensity was reduced to half the value found in the sample remove mode. This might be 
explained by the pneumatic concept of the system. By opening the door of the oven, ambient 
air and humidity reach the cryotrap where water freezes. This problem does not exist in 
instruments with separated circuits connected by a 6-port valve. For the following 
experiments, the standard mode was used. 
 
Dry purge of the traps 
Dry purge is the most common technique used in Purge&Trap extraction to reduce the 
amount of water transferred onto the capillary column during thermodesorption of the trap. 
Two grams processed cheese of type “salami” was used as control material for the following 
experiments. First the uptake of water from the trap was checked by loading it with two 
different purge volumes without applying any dry purge. A water peak area of 12•108 was 
observed after 25 min purge at 48mL/min (= 1200 mL). The peak surface was only of 5.5•108 
after 8 min purge at 34 mL/min (= 272 mL). Using the latter loading conditions, a dry purge 
step of 3 min at 30°C in the TDS-oven was inserted (solvent vent mode). The water peak still 
showed an area of 5.5•108. The reason for this fact was likely to be the following: the solvent 
vent mode does not close the way to the cold trap. It only splits the flow at the outlet of the 
oven. A part of the flow still goes through the cold trap where water freezes. Theoretically, 
the water amount should have diminished drastically in this mode of operation, but for 
unexplained reasons, this was not the case. Some leak in the system might be responsible for 
this unexpected finding. A further experiment was carried out where a dry purge was carried 
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out outside the TDS-oven using a Teflon tube to connect the cartridge with the gas supply. 
The trap was purged with nitrogen (3 min, 30 mL/min) before placing it in the TDS for 
desorption. A water peak area of 1.7•108 was observed, corresponding to the minimum 
amount obtained for blanks. The additional water trapped from the sample could therefore be 
eliminated quantitatively on this way. For the following experiments, the cartridge was dried 
outside the oven prior to desorption. 
 
Effect of liner type 
The performances of a liner with swirl holes (Gerstel, GC 007001-010-00) and a liner filled 
with Tenax (Gerstel, GC 008968-005-00) were compared. The Emmental suspension was 
used as control material. The two corresponding chromatograms are presented in Figure 3. 
The main difference observed was the peak width. The peaks were much narrower using the 
Tenax liner. The retention capacity was also slightly increased. The drawbacks of this liner 
were the occurrence of some Tenax break down products (e.g. by 37 min) and the slightly 
increased noise of the base line. However, the Tenax liner was preferred for the following 
experiments. 
 
Effects of various loading conditions of the traps 
Six experiments under various conditions were carried out to compare the effect of water 
condensation. The loading conditions as well as the results are presented in Table 1. Grated 
Emmental was used as control material. The peak identification was completed using the MS 
data. Therefore only selected compounds whose mass spectra closely matched standards were 
considered. Furthermore, only a few compounds from each chemical group were selected to 
get a representative pattern. The comments and recommendations made in the text are 
naturally only valid if a DB1 chromatographic column is used. The problems with acid 
compounds would be totally different with a polar column. One should however keep in mind 
the final intention of the authors which is to compare the volatile profile of various Emmental 
cheeses. It is therefore irrelevant if the method applied does or does not reproduce a true 
image of the volatile compounds. 
The effect of water addition to the sample was highlighted by comparing the group A 
(suspension) and B (grated). With exception of the high boiling aldehydes heptanal and 
octanal, a higher signal was found for all compounds using the grated form. Specially the acid 
recovery was greatly enhanced. This is however a drawback rather than an advantage. In 
screening approaches using a relatively apolar column such as in the current work, the broad 
acid peaks may overlap other important peaks. In Table 1, 2-butanol and butanal are some 
examples, but there are other compounds hidden by the huge acid peaks. Similar findings 
were reported by Larrayoz et al.2. Acids are generally quantified by other methods (Chapter 
5). The use of grated cheese can therefore only partially be recommended using a DB1 
column. 
 

                                                 
2 Larrayoz P., Addis M., Gauch R., Bosset J.O. (2001). Comparison of dynamic headspace and simultaneous 
distillation extraction techniques used for the analysis of the volatile components in three European PDO ewes' 
milk cheeses. Int.Dairy J., 11, 911-926. 
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Figure 3 Comparison of two Emmental chromatograms using different liners  
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The effect of temperature was investigated by placing the whole system (loading cell and 
trap) in an air oven at 45°C (case C). Higher temperatures facilitate the evaporation of volatile 
compounds. The trap however retains the highly volatile compounds less efficiently. This was 
clearly demonstrated by homologous series of compounds. The recovery of short-chain 
ketones and alcohols was lower at 45°C than at 25°C whereas the opposite effect was 
observed for the higher boiling homologues. The acid peaks were also significantly larger 
than in A (approx. factor 4), leading to the chromatographic overlapping of some compounds. 
This approach may however be useful if the interest is centred on medium and high boiling 
compounds. 
Theoretically, the best solution would be to heat the sample and cool the trap. For this 
purpose, the loading cell was placed in a water bath at 45°C and the trap left at room 
temperature on the lid. But another problem occurred due to the very large amount of water 
condensed on the walls of the trap, making dry purge almost useless and introducing too 
much water into the GC system. Though the extraction technique of the Purge&Trap from 
Tekmar is similar to that in the current experiment, great differences were found in the 
resulting chromatograms (Chapter 9). Using the Tekmar instrument, no water problems were 
observed and the signals for the acids were much lower than in cases A or C (results not 
shown). The single difference possibly explaining the disparity between these two extraction 
systems is the longer distance between the warm loading cell including the sample and the 
trap itself in the Tekmar instrument. In the latter, water condensation could occur in the 
transfer line and not in the trap. Acids and probably other compounds with a high affinity for 
water are trapped in the condensed water. A further experiment was designed to check this 
hypothesis. The loading cell was placed in a water bath as in C, but the trap was connected to 
the lid with a 80 cm long Teflon tube held at room temperature (case D). The whole system 
was purged and dried with nitrogen after each loading cycle. Indeed no water condensation 
was observed in the cartridge and the signals for the acids were much lower. Propanoic and 
butanoic acid were even below the detection limit. The recovery for highly volatile 
compounds such as ethanol, acetone, 2-methylpropanal was better than in cases A and C. A 
large loss was however observed for less volatile compounds such as 2-heptanone, 2-
nonanone or octanal. The loss of molecules with low polarity such as the benzene derivates 
was less marked. It should be possible to find a good compromise between the attenuation of 
the acids and the loss of high and medium boiling compounds by changing the length or the 
temperature of the transfer line. Further investigations would be necessary to optimise such a 
loading system if it has to be run using a DB1 column. 
The last experiment was repeated using grated instead of suspended cheese (E). In this case, 
the amount of acid compounds was effectively reduced in comparison to B, but still lay in the 
same range as in C, possibly overlapping important compounds. The advantage of this 
methods is clearly the enhanced signal intensity for highly volatile compounds.  
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Table 1 Effect of various loading conditions of the trap on the recovery of some  
selected volatile compounds from Emmental cheese(Peak height in arbitrary units) 

 Boiling point A B C D E 
Acids       
Acetic acid 118 110 3423 393 23.4 591 
Propanoic acid 141.4 364 5661 1779 < 10 1560 
Butanoic acid 165.5 102 977 442 < 10 552 
       
Alcohols       
Ethanol 78 264 786 80.2 667 1970 
iso-Propanol 82 289 1083 132 1056 2430 
1-Propanol 97 160 513 116 653 1402 
Pentanol 138 138 185 256 389 -2 

2-Butanol 99.5 30.9 -1 -1 30 -1 

       
Ketones       
Acetone 56 640 2245 196 2051 3171 
2,3-Butanedione 88 46.6 146 523 194 223 
2-Butanone 80 218 609 226 702 797 
3-Hydroxy-2-butanone 148 605 4028 1946 490 3441 
2-Heptanone 151 1166 814 1546 586 972 
2-Nonanone 195 139 88.6 292 < 10 < 10 

       
Aldehydes       
2-Methylpropanal 64 25 58.4 < 10 58.9 68.3 
Butanal 76 22 38.2 < 10 35.8 51.8 
3-Methylbutanal 90 51 -3 45.3 92.3 96 
Heptanal 154 114 < 10 129 62.2 69.1 
Octanal 171 139 < 10 83 39 26.6 
       
Aromatics       
Ethylbenzene 136 16.9 18.2 31.4 23.8 35.8 
p-Xylene 138 26.2 33.5 30.7 42.2 59.1 
1,2,3-Trimethylbenzene 176 16 18.2 25.6 21.7 25.8 
A Suspension; whole system at 25°C, cartridge on the lid of the loading cell 
B Grated cheese; whole system at 25°C, cartridge on the lid of the loading cell 
C Suspension; whole system at 45°C, cartridge on the lid of the loading cell 
D Suspension; in a water bath at 45°C, cartridge  

connected to the lid of the loading cell with a 80 cm long Teflon tube at 25°C 
E Grated cheese; under part of loading cell in a water bath at 45°C, cartridge  

connected to the lid of the loading cell with a 80 cm long Teflon tube at 25°C 
1 overlapped by butanoic acid 
2 overlapped by 3-methyl-2-butanol 
3 overlapped by acetic acid 
 

 166



Conclusion 
Various parameters were investigated for loading the TDS-Tenax traps. To minimise the 
amount of water entering the GC-system, the standard mode should be preferred to the 
sample remove mode in the TDS-Software. Furthermore the cartridge should be dried using 
nitrogen outside the TDS-system instead of the solvent vent mode inside the oven. However 
the abnormally high amounts of water found in the chromatograms indicate a possible leak in 
the system. Both conclusions stated above should be re-examined after the system has been 
meticulously checked. Two liners were also compared. The Tenax-filled liner delivered 
narrower peaks than the empty one. Finally the performances of the extraction were 
investigated varying i) the temperature, ii) the form of the matrix (grated or suspended cheese) 
and iii) the length of the connection between the loading cell and the trap. The following 
conclusions are only valid for separation on a non-polar column such as the DB1 column 
used. Grated cheese was generally better for highly volatile compounds but the high amount 
of acids extracted in comparison to suspended cheese made the grated form less interesting. In 
conclusion, the best results were obtained with suspended cheese heated at 45°C, where the 
loading cell was connected to the trap, held at room temperature with a 80 cm long plastic 
tube. The signal for acids was very low whereas the recovery rate for low and medium boiling 
compounds was very good. Only some long-chain compounds such as 2-nonanone or octanal 
were poorly extracted.  
The analysis of water-rich food samples is not trivial in the Purge&Trap technique. It will not 
be easy to load the traps in a reproducible way while avoiding the problem of the acids using 
the current chromatographic column. A more polar column should solve the problem of broad 
acid peaks, allowing the use of grated cheese which gives less problems with water. 
Otherwise further investigations on the temperature and the length of the transfer line between 
the loading cell and the trap should be carried out to optimise the system for both high and 
low boiling compounds. 
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AAS Atomic Absorption Spectroscopy PC  Principal Component 
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DFA Discriminant Function Analysis 
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DH Dynamic Headspace SMOW Standard Mean Ocean Water  
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FFA Free Fatty Acid VOC Volatile Organic Compound 
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OLMT On-Line Microtrap   
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PAB Propionic Acid Bacteria   
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