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Abstract

Nitrogen fractions, biogenic amines, free amino acids, casein fractions, HPLC-peptide
profiles and rheological properties were investigated in 20 Emmental cheeses from six
European regions (Switzerland, Vorarlberg (A), Allgiau (D), Finland, Bretagne (F) and
Savoie (F)). The ripening time of the samples were different, according to what is found
on the market in each region. The non-protein nitrogen and the water-soluble nitrogen
fractions showed significant inter-regional differences due mostly to the different
ripening times. “Allgiu” and “Savoie” showed the highest proteolysis rate and
“Bretagne” had the lowest. Biogenic amines and rheological properties were of less
significance for discriminating geographic origin. The relative amounts of five free
amino acids allowed “Switzerland” to be separated from the others. The X3 (unknown
structure) and asl casein fractions combined with one peak from the peptide profile
allowed three distinct groups to be differentiated: “Finland”, “Bretagne” and “Savoie”.

Riassunto

Le frazioni azotate, le ammine biogene, gli amminoacidi liberi, le frazioni caseiniche, i
profili dei peptidi-HPLC e le proprieta reologiche sono stati studiati in 20 formaggi
Emmental provenienti da sei diverse regioni europee (Svizzera, Vorarlberg (A), Allgiau
(D), Finlandia, Bretagne (F) and Savoie (F)). Le frazioni dell'azoto non proteico e
dell'azoto solubile in acqua hanno mostrato differenze inter-regionali significative.
“Allgiiu” e “Savoie” hanno rivelato il piu alto tasso di proteolisi mentre “Bretagne”
quello piu basso. LLe ammine di provenienza biologica e le proprieta reologiche si sono
mostrate meno importanti nel determinare 1'origine geografica dei formaggi. I contenuti
relativi di cinque amminoacidi hanno permesso di separare “Switzerland” dagli altri. Le
frazioni della caseina X3 (struttura sconosciuta) e asl, assieme a uno picco del profilo
dei peptidi, hanno permesso di differenziare tre gruppi diversi: rispettivamente quello
“Finland”, quello “Bretagne” e quello “Savoie”.
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The enzymatic degradation of casein into peptides and amino acids is a very complex
process because of the various origins of the proteases and peptidases involved. They may
come from milk itself (plasmin, cathepsin), coagulant (chymosin, pepsin and further fungal
proteases), starter, as well as non-starter micro-organisms, secondary cultures (e.g.,
Propionibacterium freudenreichii) and exogeneous proteinases or peptidases. Proteolysis
occurs to a great extent during ripening. The degree of protein breakdown can be expressed
by factors such as the content of water soluble nitrogen (WSN), non-protein nitrogen (NPN)
or total free amino acids. Proteolysis has been considered as the basis for classifying different
cheese types (MARCOS et al., 1979; SMITH and NAKAI, 1990; AISHIMA and NAKAI,
1987, McGOLDRICK and FOX, 1999, FOX, 1993). The evolution of proteolysis, based on
peptide mapping at various stages of ripening, has already been studied for Emmental
(BICAN and SPAHNI, 1993, BUTIKOFER et al., 1997), Gruyére, Appenzell (BICAN and
SPAHNI, 1993), Parmigiano-Reggiano (ADDEO et al., 1994), Blue cheese (GONZALEZ DE
LLANO et al., 1991) and for several artisanal cheeses (GONZALEZ DE LLANO et al.,
1995). The influence of specific Lactobacilli strains on the peptide profile has been studied in
cheeses such as Emmental (BUTIKOFER et al., 1997, CHOPARD et al., 2001) and Cheddar
(McSWEENEY et al., 1994, PRIPP et al., 1999). Considerable differences were found
between peptide profiles of Cheddar cheese made from raw or pasteurised milk
(McSWEENEY et al., 1993).

Further degradation of peptides by peptidases leads to small peptides and free amino
acids (FAA). The total concentration of FAA is also an indicator of age. RESMINI et al.
(1985, 1993) identified genuine Parmigiano-Reggiano and Grana Padano cheese by their free
amino acid composition. BUTIKOFER and FUCHS (1997) were able to correctly classify
Emmental, Gruyere and Sbrinz with more than 93% accuracy from their relative amounts of
free amino acids. Appenzeller and Tilsiter could be correctly classified to 70-75%.

The degradation of the free amino acids through enzymatic decarboxylation may lead
to the formation of biogenic amines. In cheese, non-starter bacteria such as enterococci, salt
tolerant lactobacilli and enterobacteriaceae may be responsible for the formation of biogenic
amines (JOOSTEN and NORTHOLT, 1987). Some of these amines may provoke allergies or
illness. The best known amines in cheese are histamine, tyramine, cadaverine, putrescine,
tryptamine and -phenylethylamine (SIEBER and LAVANCHY, 1990).

Rheological characteristics are often correlated with proteolysis (BOSSET et al., 1993;
EBERHARD, 1985). Large peptides are important for the development of the correct texture.
PIRISI et al. (2000) described large differences in mechanical properties of similar PDO
ewe's milk cheeses from three different countries. Cheeses from milk produced on mountain
pastures exhibited different rheological properties than those produced with milk from valley
pastures; they were less elastic and less deformable (BUGAUD et al., 2001).

The present work is part of a broad screening test, which is the first step in a 3-year
study on the authenticity of Emmental cheese and its geographic traceability (PILLONEL et
al., 2002a, BOSSET, 2001). To date, a large number of analytical methods have been tested
for their discriminating potential (PILLONEL et al., 2002a-¢) while the number of cheese
samples for each region has been limited. Obviously, the analytical results obtained from a
modest number of cheese samples from a region can only give trends which will need to be
confirmed later if they appear to be of value for discriminating cheeses produced in different
countries. The objective of the present paper was to determine whether chemical and physical
parameters linked to proteolysis, such as nitrogen fractions, biogenic amines, free amino
acids, casein fractions, peptide pattern and rheological analyses make it possible to
discriminate between the different geographic origins of Emmental cheese samples. The goal
was not to build a detailed model for predicting the origin but rather to observe the trends.



The cheese samples, with different ripening times, were chosen according to what is sold by
retailers in the corresponding regions.

MATERIALS AND METHODS

Origin and selection of the cheese samples

The main framework of this study and the sampling methods are described in detail in
a previous work (PILLONEL et al., 2002a). Table 1 summarises origin, date of production
and ripening time of the samples.

Table 1

Analysis of the compounds produced by proteolysis

The samples were deep-frozen prior to the following analyses: total nitrogen (TN),
water-soluble nitrogen (WSN) and non-protein nitrogen (NPN) according to Kjeldahl
(COLLOMB et al., 1990); free amino acids (FAA) using HPLC after pre-column
derivatisation with o-phthalaldehyde and fluorenylmethyl chloroformate (FMOC)
(BUTIKOFER and ARDO, 1999); biogenic amines with HPLC after precolumn derivatisation
with dansylchlorid (BUTIKOFER et al., 1990); o-phthalaldehyd-value (OPA) photometrically
(FRISTER et al., 1989). Casein fractions were determined by SDS electrophoresis (COLLIN
et al., 1987). The peptide pattern of the water-soluble peptide fraction was investigated by
RP-HPLC (CHOPARD et al., 2001).

Rheological analyses

The following three rheological properties were measured with a universal testing
machine (Zwick 1435, Zwick GmbH, Germany) at 15+0.5°C according to the procedure of
PESENTI and LUGINBUEHL (1999): 1) the stress at 33% deformation, which characterises
the elasticity of the body, ii) the deformation at fracture, which is a measure of the
consistency of the body and iii) the stress at fracture, which corresponds, more or less, to the
sensation of hardness in the mouth. The measurements were carried out on a cylindrical,
holeless cheese sample (diameter: 12 mm, height: 15 mm).

The penetration depth was determined using a constant force penetrometer (Petrotest
PNR-10, Petrolab, USA) under the following conditions: force, 0.63 N; time, 0.5 s; standard
needle.

Statistical analyses

The averages and standard deviations were calculated for each parameter (Table 2-6).
Descriptive statistics, analysis of variance (ANOVA), pairwise comparisons of mean values
with Fisher's LSD test, principal component analyses of the correlation matrix and correlation
test were performed with Systat for Windows version 9.0 (SPSS Inc., Chicago, IL). The
correlation coefficients were calculated using the individual values for cheeses from each
region.

RESULTS AND DISCUSSIONS

Since the number of samples analysed was very limited, we restricted the discussion of
the results to the tests of the mean value differences and untrained classification techniques,
such as the principal component analysis (PCA). Trained classification techniques were not
used because they require larger data sets in order to be reliable.



Nitrogen fractions, OPA-values and biogenic amines

The results for the nitrogen fractions, the OPA-values and the biogenic amines are
given in Table 2. The total nitrogen concentration values were only slightly different whereas
the differences between the NPN and WSN values were highly significant. The NPN and the
OPA-values were strongly correlated (r = 0.94). The OPA-values were less discriminating due
to the higher relative standard deviations of the results. “Bretagne” had the lowest NPN and
WSN values, as expected, for a cheese with such a short ripening period. It was followed by
“Finland”. “Allgdu” and “Savoie”, ripened 4 and 3.5 months respectively, had the highest
NPN and WSN values. The values for “Switzerland” laid in the middle. This Emmental, aged
for 4 months, is still considered to be very young in Switzerland. In fact, the proteolysis of
“Switzerland” is deliberately slowed down to allow a ripening time of up to 12 months and
more, leading to a very characteristic and mature cheese. In the other regions, a fast
maturation is preferred for economic reasons. The two ratios, WSN/TN and NPN/WSN, are
indices of protein and peptide hydrolyses, respectively. The WSN/TN ratio showed exactly
the same trend as that of WSN. For the NPN/WSN ratio, the differences were less significant.
A point of interest is that the peptide hydrolysis in “Finland” was significantly higher.

Table 2

The lowest total concentration of biogenic amines was found in “Switzerland” and the
highest in “Allgédu” and “Savoie”. These differences were largely due to the degree of
proteolysis. Significant differences were found for cadaverine, histamine, isopentylamine,
putrescine, tryptamine and tyramine. “Switzerland” had the lowest cadaverine, histamine and
putrescine values and slightly higher isopentylamine values. Spermine and spermidine could
not be detected in the samples. It should be noted that the biogenic amine concentrations
encountered did not present any danger to health.

The microbial flora was probably the main factor influencing the amount of biogenic

amines. Propionibacterium and thermophilic Lactobacillus (the latter being added specifically
for this experiment) may account for the formation of histamine in Maasdamer (JOOSTEN,
1987). The influence of Propionibacterium on the formation of histamine and tyramine in
Emmental has been reported previously (ANTILA et al., 1984). Non-starter lactic acid
bacteria (lactobacilli, enterococci) may cause the formation of tyramine and histamine in
Gouda (JOOSTEN AND NORTHOLT, 1987). According to the latter authors, salt-tolerant
lactobacilli account for a massive formation of putrescine and cadaverine.
Furthermore a concentration gradient was found in Gouda, with the central part of the block
containing higher amounts of the investigated amines (tyramine, histamine, putrescine and
cadaverine) than samples taken close to the rind (JOOSTEN and STADHOUDERS, 1987).
Many chemical, physical and microbial factors also influence the formation of biogenic
amines within a cheese variety (SIEBER and BILIC, 1992), leading to very scattered
concentrations in samples which come from the same region of production. This was
confirmed in “Switzerland” in earlier studies (SIEBER et al., 1988, BOSSET et al., 1992).

Free amino acids (FAA)

The sum of FAA showed the same trend as the WSN and the NPN values but with
smaller significant differences between the groups. To produce a discrimination that was less
age-dependant, relative amounts were considered (normalisation by the total free amino
acids). Out of the 23 free amino acids analysed (Table 3), 16 had a significant difference
between at least two groups. No phosphoserine was found. The highest significant differences
were found for asparagine, glutamine, methionine, phenylalanine, proline and valine.




“Bretagne” could easily be differentiated using the values of methionine and glutamine. With
five parameters, asparagine, glycine, lysine, phenylalanine and proline (selection made with
the help of a trained classification technique), it was possible to isolate “Switzerland” by PCA
(Figure 1). The other regions could not be clearly separated.

Table 3

Figure 1

HPLC-peptide profile and casein fractions

Figure 2 is a typical peptide chromatogram. The 18 peptide peaks which showed
significant differences are listed in Table 4. The highest values for peaks 10.1, 11.3, 12.1, 14,
22 and 24 were recorded for “Switzerland”. The use of Lb. helveticus in starter cultures is
known to lead to a smaller peak 14 (CHOPARD et al., 2001). These findings were confirmed
in this study; the highest peak 14 values were found in “Switzerland”, the only sample that
did not contained Lb. helveticus (PILLONEL et al., 2002a). Peaks 2 and 3 were only found in
“Finland” and peaks 4, 7, 12 and 14.1 had much higher values in “Finland” than in cheeses
from the other regions.

Table 4

Figure 2

The relative proportions of a-, B-, and indirectly y-caseins in milk are subject to
genetic variations between cows within a same breed (VARNAM AND SUTHERLAND,
1994). In cheese however, the differences between two samples are more likely to be due to
different intensities of proteolysis than to the milk used. The results of the casein fractions are
listed in Table 5. All casein fractions showed significant differences except for X1-2, X2-1,
X2-2 and B degraded. The fractions coded with a “X” are of unknown structure. X1 and X1-2
migrate after B, X2-1 and X2-2 after aS and X3 before as;. The asl fraction was highest in
“Bretagne” and “Finland” and lowest in “Switzerland”, followed by “Allgau”. In soft cheeses,
the asl fraction is typically degraded to asl-I by the rennet enzyme chymosin. In cooked
cheeses such as Emmental, the chymosin is extensively denatured during manufacturing and
contributes little to ripening (COLLIN et al., 1988; BOUDJELLAB et al., 1994). It is more
likely that the as1 degradation is due to the enzymes of the lactobacilli present in the cheese
(OLSON, 1990, CHAMBA, 2000). This type of proteolysis however is relatively slow. The
low as1 level in “Switzerland” and “Allgéu” can therefore be explained by the longer ripening
time in these regions and/or by a higher protease activity of the lactobacilli. “Bretagne”
showed the highest value because of the very short ripening time and probably because of the
thermisation applied to the milk (ITFF, not published). The significantly higher asl level in
“Finland” compared with “Savoie” and “Vorarlberg”, though all three were ripened for
approximately three months, may be explained by the higher cooking temperature in the
former (54°C vs. 52-54°C) and by the milk thermisation process applied in “Finland” and not
in the other two countries (information held by the producers).

Unlike chymosin, the endogenous milk enzyme, plasmin, is not damaged by the high
temperature used in cooked cheese. The plasmin activity even elevated in “high cook” cheese
varieties is due to thermal inactivation of inhibitors of plasminogen activators. This results in
the increased conversion of plasminogen to the active form, plasmin (LU AND NIELSEN,
1993; FARKYE AND FOX, 1990). Plasmin degrades as2 and B casein. as2 commonly
disappears in Emmental after 45 days of ripening (CHAILLET, 2002). In the current study,
two samples from “Bretagne” still contained as2, probably due to the very short ripening
time. The degradation of the B casein leads to the y1 to y3 fractions. The same tendency was



observed in B as in asl. “Bretagne” had the highest value followed by “Finland”, whereas
“Allgdu” and “Switzerland” showed the lowest values. The likely explanation is once again
the longer ripening time. The X1-2 fraction was only found in two Swiss samples. The
parameters asl and X3, which gave the best discrimination, combined with peak 14 from the
HPLC-peptide profile, gave an interesting separation profile (Figure 3). The ratio of casein
fractions to TN gave a similar separation profile.

Table 5

Figure 3

Rheology

No significant differences were found between the cheeses from any of the regions
except for the penetration depth (Table 6). “Switzerland” showed the highest penetration
depth, while “Savoie”, “Bretagne”, and “Finland” had the lowest. The penetration depth is
supposed to be correlated with the water and fat content (BOSSET et al., 1993). This was not
observed in this case with water and the correlation with the fat content was poor (r = 0.40).
The penetration depth was negatively correlated with the stress at 33% deformation (r = -
0.873), which corresponds to the firmness of the body. The stress at fracture was positively
correlated with the strain at fracture (r = 0.704), which corresponds to the length of the body.

Table 6

CONCLUSION

Compounds linked to the proteolysis allowed one to separate some of the Emmental
cheese samples according to their geographic origin. The NPN, WSN and WSN/TN fractions
showed highly significant differences which were partly due to differences in ripening times.
These differences are useful because each region produces Emmental with a typical ripening
time before being put on the market. The high standard deviations of the biogenic amine
concentrations made them unusable as markers of origin. The relative amounts of the free
amino acids asparagine, glycine, lysine, phenylalanine and proline made it possible to
separate “Switzerland”. A clear differentiation of “Bretagne” was achieved using the
methionine and glutamine values. The casein fractions (asl and X3) and the peptide pattern
(peak 14) provided a good separation of the “Finland”, “Bretagne” and “Savoie” groups. The
rheological results were of less interest for the geographic discrimination of Emmental cheese.

ACKNOWLEDGEMENT

The authors thank the Swiss Federal Office of Public Health for its financial and logistical
support of the project, G. Urbach and G. Gremaud for their reviewing of the publication as
well as J.F. Chamba (ITFF, France), M. Carl (MUVA Germany), H. Spring (Emmentaler
Switzerland™), H. Jatila (Valio Ltd, Finland) and H. Schmallegger (Alma GmbH, Austria)
for collecting the samples.

REFERENCES

Addeo F., Chianese L., Sacchi R., Musso S.S., Ferranti P. and Malorni A. 1994. Characterization of the
oligopeptides of Parmigiano-Reggiano cheese soluble in 120 g trichloracetic acid/I. J Dairy Res. 61: 365.



Aishima T. and Nakai S. 1987. Pattern recognition of GC profiles for classification of cheese variety. J. Food
Sci. 52: 939.

Antila P., Antila V., Mattila J. and Hakkarainen H. 1984. Biogenic amines in cheese. II. Factors influencing the
formation of biogenic amines, with particular reference to the quality of the milk used in cheese making.
Milchwissenschaft. 38: 400-404.

Bican P. and Spahni A. 1993. Proteolysis in Swiss-type cheeses: a high-performance liquid chromatography
study. Int. Dairy. J. 3: 73.

Bosset J.0., Collomb M., Eberhard P., Grand M., Lavanchy P., Kaufmann E. and Kreuter U. 1992. Application
de méthodes d'analyse statistique univarié¢e et multivariées a I'étude paralléle de critéres chimiques,
biochimiques, rhéologiques, microbiologiques et sensoriels du fromage d'emmental au moment de sa taxation.
Partie I: Analyse de quelques profils de distribution. Chimia 46: 406.

Bosset J.O., Collomb M., Eberhard P., Grand M., Lavanchy P., Kaufmann E. and Kreuter U. 1993. Application
de méthodes d'analyse statistique univarié¢e et multivariées a I'étude parallele de critéres chimiques,
biochimiques, rthéologiques, microbiologiques et sensoriels du fromage d'emmental au moment de sa taxation.
Partie II: Analyse de corrélation. Lebensmittel-Technologie 26(5): 111.

Bosset, J.O. 2001. Authenticity of Emmentaler Switzerland™ Cheese. Mitt. Lebensm. Hyg. 92: 328.

Boudjellab N., Rolet-Repecaud O. and Collins J.C. 1994. Detection of residual chymosin in cheese by an
enzyme-linked immunosorbent assay. J. Dairy Res. 61: 101.

Bugaud C., Buchin S., Noel Y., Tessier L., Pochet S., Martin B. and Chamba J.F. 2001 Relationships between
Abondance cheese texture, its composition and that of milk produced by cows grazing different types of
pastures. Lait 81: 593.

Biitikofer U., Fuchs D., Hurni D. and Bosset J.O. 1990. Beitrag zur Bestimmung biogener Amine in Kése.
Vergleich einer verbesserten HPLC- mit einer IEC-Methode und Anwendung bei verschieden Kéisesorten. Mitt.
Gebiet Lebensm. Hyg. 81: 120.

Biitikofer U. and D. Fuchs 1997. Development of free amino acids in Appenzeller, Emmental, Gruyére, Raclette,
Sbrinz et Tilsiter cheese. Lait 77: 91.

Biitikofer U. and Ard6 Y. 1999. Quantitative determination of free amino acids in cheese. Bull. Int. Dairy Fed.
337:24.

Biitikofer U., Baumann E., Sieber R. and Bosset J.O. 1997. Ripening of Emmental cheese wrapped in foil with
and without addition of Lactobacillus casei subsp. casei. IV. HPLC separation of water-soluble peptides.
Lebensm.-Wiss. U.-Technol. 31: 297.

Chamba J.F. 2000. L'emmental, un écosystéme complexe. Conséquences sur la sélection et I'utilisation des
ferments. Sci. Aliments 20: 37.

Chaillet B. 2002. Authentification des fromages: s'appuyer sur une base de données. RLF 619: 34.

Chopard M.-A., Schmitt M., Perreard E. and Chamba J.-F. 2001. Aspect qualitatif de 'activité protéolytique des
lactobacilles thermophiles utilisés en fabrication de fromage a pate pressée cuite. Lait 81: 183.

Collin J.C., Berdagué J.L., Dognin-Bergeret M. and Grappin R. 1987. Affinage et qualité¢ du Gruyere de Comté
IV. Etude de la proteolyse. Lait 67: 299.

Collin J.C., Compagnone P., Ryba I. and Baer A. 1988. Dertermination of plasmin (alkaline milk proteinase) and
chymosin in milk products by the ELISA assay. Lait 68: 235.

Collomb M., Spahni M. and Steiger G. 1990. Dosage de la teneur en azote selon Kjeldahl de produits laitiers et
de certaines fractions azotées a l'aide d'un systéme automatisé. Trav. Chim. Aliment. Hyg. 81: 499.



Eberhard P. 1985. Rheologische Eigenschaften ausgewachlter Kaesesorten 1. Emmentalerkaese. Schweizerische
Milchwirt. Forsch. 14: 3.

Farkye N.Y. and Fox P.F. 1990. Observation on plasmin activity in cheese. J. Dairy Res. 57: 413.

Fox P.F. 1993. Cheese. An overview. In ,,Cheese: Chemistry, Physics and Microbiology“. P.F. Fox (Ed), vol. 1,
p. 1. 2" edn. Chapman and Hall, London.

Frister H., Meisel H. und Schlimme E. 1989. Photometrische Messung des Proteolyseverlaufs in Schnittkdse mit
Hilfe der modifizierten OPA-Methode. Kieler Milchwirtschaftliche Forschungsberichte. 41: 237.

Gonzalez De Llano D., Polo M.C. and Ramos M. 1991. Production, isolation and identification of low molecular
mass peptides from blue cheese by high performance liquid chromatography. J. Dairy Res. 58: 363.

Gonzalez De Llano D., Polo M.C. and Ramos M. 1995. Study of proteolysis in artisanal cheeses: high
performance liquid chromatography of peptides. J. Dairy Sci. 78: 1018.

Joosten H.M.L.J. 1987. Conditions allowing the formation of biogenic amines in cheese. 3. Factors influencing
the amounts formed. Neth. Milk. Dairy J. 41: 329.

Joosten H.M.L.J. and Stadhousers J. 1987. Conditions allowing the formation of biogenic amines in cheese. 1.
Decarboxylative properties of starter bacteria. Neth. Milk. Dairy J. 41: 247.

Joosten H.M.L.J. and Northolt M.D. 1987. Conditions allowing the formation of biogenic amines in cheese. 2.
Decarboxylative properties of some non-starter bacteria. Neth. Milk. Dairy J. 41: 259.

Lu D.D. and Nielsen S.S. 1993. Heat inactivation of native plasminogen activators in bovine milk. J. Food Sci.
58:1010.

Marcos A., Esteban M.A., Leon F. and Fernandez-Salguero. 1979. Electrophoretic patterns of European cheeses:
comparison and quantitation. J. Dairy. Sci. 62: §92.

McGoldrick M. and Fox P.F. 1999. Intervarietal comparison of proteolysis in commercial cheese. Food
Res.Tech. 208: 90.

McSweeney P.L.H., Fox P.F., Lucey J.A., Jordan K.N. and Cogan T.M. 1993. Contribution of the indigenous
microflora to the maturation of Cheddar cheese. Int. Dairy. J. 3: 613.

McSweeney P.L.H., Pochet S., Fox P.F. and Healy A. 1994. Partial identification of peptides from the water-
insoluble fraction of Cheddar cheese. J. Dairy Res. 61: 587.

Olson N.F. 1990. The impact of lactic acid bacteria on cheese flavor. FEMS Microbiol. Rev. 87: 131.

Pesenti V. and Luginbiihl W. 1999. Assessment of cohesion in Gruyere-type cheese by rheological methods. J.
Texture Studies. 30: 1.

Pillonel L., Badertscher R., Biitikofer U., Casey M., Dalla Torre M., Lavanchy P., Meyer J., Tabacchi R. and
Bosset J.0. 2002a. Analytical methods for the determination of the geographic origin of Emmental cheese. Main
frame of the project; chemical, biochemical, microbiological and sensory analyses. Eur. Food Res. Technol. 215:
260.

Pillonel L., Collomb M., Tabacchi R. and Bosset J.O. 2002b. Analytical methods for the determination of the
geographic origin of Emmental cheese. Free fatty acids, triglycerides and fatty acid composition in cheese fat.
Mitt. Lebensm. Hyg. 93: 217.

Pillonel L., Luginbiihl W., Picque D., Schaller E., Tabacchi R. and Bosset J.O. 2002¢. Analytical methods for the
determination of the geographic origin of Emmental cheese. Mid- and Near-Infrared spectroscopy. Eur. Food
Res. Technol (in press)



Pillonel L., Ampuero S., Tabacchi R. and Bosset J.O. 2002d. Analytical methods for the determination of the
geographic origin of Emmental cheese. Volatile compounds by GC/MS-FID and electronic nose. Eur. Food Res.
Technol (in press)

Pillonel L., Badertscher R., Froideveaux P., Haberhauer G., Jakob A., Pfammatter E., Piantini U., Rossmann A.,
Tabacchi R., Bosset J.O. 2002¢. Analytical methods for the determination of the geographic origin of Emmental
cheese. Stable isotope ratios, major, trace and radioactive elements. (unpublished data).

Pirisi A., Achilleos C., Jaros D., Noél Y. and Rohm H. 2000. Rheological characterisation of Protected
Denomination of Origin (PDO) ewe's milk cheeses. Milchwissenschaft 55: 257.

Pripp A.H., Shakeel-Ur-Rehman, McSweeney P.L.H. and Fox P.F. 1999. Multivariate statistical analysis of
peptide profiles and free amino acids to evaluate effects of single-strain starters on proteolysis in miniature
Cheddar-type cheeses. Int. Dairy J. 9: 473.

Resmini P., Pellegrino L., Pazzaglia C. and Hogenboom J.A. 1985. Gli amminoacidi liberi nella tipizzazione del
formaggio Parmigiano-Reggiano ed in particolare del prodotto grattugiato. Sci. Tec. Latt.-Casearia. 36: 557.

Resmini P., Hogenboom J.A., Pazzaglia C. and Pellegrino L. 1993. Gli amminoacidi liberi nella
caratterizzazione analitica del formaggio Grana Padano. Sci. Tec. Latt.-Casearia. 44: 7.

Sieber R., Collomb M., Lavanchy P., Steiger G. 1988. Beitrag zur Kenntnis der Zusammensetzung
schweizerischer konsumreifer Emmentaler, Greyerzer, Sbrinz, Appenzeller und Tilsiter. Schweizerische

Milchwirt. Forsch.17: 9.

Sieber R. and Lavanchy P. 1990. Gehalt an biogenen Aminen in Milchprodukten und in Kdse. Mitt.Gebiete
Lebensm.Hyg. 81: 82.

Sieber R. and Bilic N. 1992. Ueber die Bildung der biogenen Amine im Kése. Schweiz. Landw. Fo. 31: 33.

Smith A.M. and Nakai S. 1990. Classification of cheese varieties by multivariate analysis if HPLC profiles.Can.
Inst. Food. Sci. Technol. J. 23: 53.

Varnam A.H. and Sutherland J.P. 1994. , Milk and milk products. Technology, chemistry and microbiology* 1*
ed. Chapman & Hall. London.



Table 1 Origin and ripening time of the 20 cheese samples investigated.

Abbreviation Region (country) Number of samples Date of manufacture Ripening time (months)

AL Allgdu (D) 3 25.12.2000 4
BR Bretagne (F) 3 20.02.2001 2.5
CH Switzerland (CH) 6 26.12.2000 4
FI Middle Finland (FI) 2 04.02.2001 3
SA Savoie (F) 3 05.02.2001 3
VO Vorarlberg (A) 3 02.02.2001 3
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Table 2 Nitrogen fractions and biogenic amines in the 20 Emmental cheese samples investigated.

Region (n=)

Analytes ANOVA AL (3) BR (3) CH (6) FI (2) SA (3) VO (3)

X Sx X Sx X Sx X Sx X Sx X Sx
TN (g/kg) * 4418 1.7 45.03*8 072  44.42°®  0.85 45.54F 1.3 4620  0.77 4298 1.6
WSN (g/kg) *kE 11.2* 1.1 6.4¢ 1.7 9.35° 0.41 831%¢ 051  1072*®* 099 8.77° 0.38
WSN /TN (%) ok 25.5% 1.8 14.2€ 4.0 21.1% 1.0 18.3%¢ 0.6 23.248 1.8 20.4% 0.6
NPN (g/kg) ok 7374 0.65 3.98" 0.90 5.86%¢ 0.55  6.19*%¢ 058  720*® 1.07 542 037
NPN / WSN (%) ns 65.6 0.8 62.9 8.2 62.6 43 74.4 2.4 66.9 43 61.7 2.6
OPA (mmol/kg) * 246" 63 136° 39 184*F 20 22218 34 255 61 1874® 34
Cadaverine (mg/kg) % 44* 35 5.6° 7.0 0.22° 0.27 2548 15 8.6° 6.7 1.13% 0.75
Histamine (mg/kg) * 672" 376 1238 149 12.3° 7.4 598 26 478* 434 205 105
Isopentylamine (mg/kg) % 1.80*8 0.66 0.93% 0.55 2784 1.12 1.05*® 0.1 0.53% 0.15 0.17° 0.29
Putrescine (mg/kg) * 154° 21 2348 1.2 <2® -- <2® -- 24* 19 <2® --
B-Phenylethylamine (mg/kg) ns 6.0 4.0 1.1 1.9 11 16 15 14 34 27 1.2 2.1
Tryptamine (mg/kg) ns <2 -- <2 -- <2 -- 3.0 2.2 <2 -- <2 --
Tyramine (mg/kg) * 17848 121 8.6° 8.4 54° 123 220" 45 403* 269 11748 91
Total biogenic amines (mg/kg) * 920" 420 142° 165 81° 134 325°° 14 948" 709 3254P 195

Caption: x = mean value; sy = 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
AL = Allgéu, BR = Bretagne, CH = Switzerland, FI = Finland, SA = Savoie, VO = Vorarlberg
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Table 3 Free amino acid ratios in the 20 Emmental cheese samples investigated.

Region (n=)
Analytes ANOVA AL (3) BR (3) CH (6) FI(2) SA (3) VO (3)
X Sx X Sx X Sx X Sx X Sx X Sx

Total free amino acids (g/kg) * 28.24 7.1 17.2° 5.2 19.8*8 3.0 22.5%8 73 28.74 4.4 19.3B 2.0
Alanine (%) ns 3.08 0.58 3.84 1.3 3.34 0.17 3.71 0.84 3.26 0.49 3.03 0.21
a-Amino butyric acid (%) ns 1.49 2.10 0.13 0.01 0.18 0.12 0.06 0.02 0.20 0.11 0.06 0.06
Arginine (%) ns 0.10 0.04 0.04 0.01 0.84 0.83 0.86 0.15 0.08 0.03 0.08 0.03
Asparagine (%) ok 3.085%¢ 1.17 4.63*8 1.95 7.06* 0.62 1.35¢ 011 2515 122 47748 1.8
Aspartic acid (%) * 2914 1.54 1.27*8 0.80 1.78*8 0.42 0.16® 0.00 0.96° 0.16 1.35*®  1.00
Citrulline (%) * 0.89"% 0.39 2.14*8 0.52 3314 0.83 243*% 092 210"  1.10 245" 055
y-Amino butyric acid (%) * 0.40* 0.34 0.30%8 0.28 0.05° 0.04 0.01*® 001  0.05*® 004 0.03*® 0.02
Glutamine (%) ok 2.308 0.55 4.25% 0.67 1.94® 0.58 3.20° 074 2.81° 0.26 2.43" 0.52
Glutamic acid (%) ns 18.38 0.54 16.99 0.24 18.19 1.1 17.63 0.62 18.23 0.41 19.03 0.64
Glycine (%) * 2.0348 0.07 2.0348 0.14 1.90° 0.15 1.83° 0.01 1.97*®  0.02 2.16* 0.01
Histidine (%) ok 0.35% 0.36 2.814 0.09 1.84* 0.32 3.244 0.17 2204 1.8 1.87*% 041
Isoleucine (%) % 5.12* 0.72  3.87%8¢ 0.65 2.86¢ 028  3.77'B¢ 066  4.50*® 078  3.53%C 073
Leucine (%) % 12.148 1.2 12.19®8 0.84 13.90* 0.53 11.87° 13 11.94® 059  13.87* 055
Lysine (%) * 12.58* 0.34 10.828 1.6 11.34*% 043 12.69* 026  12.69* 007 11.60**  0.35
Methionine (%) ok 2.50* 0.11 1.95° 0.09 2.444 0.07 2574 0.03 2.28* 0.22 2.45% 0.09
Ornithine (%) * 5.09* 0.31 3.6348 0.49 247" 1.0 2.9948 1.7 43348 1.8 3.738  0.82
Phenyalanine (%) ok 6.26*8 0.72 5.33¢ 0.18 6.96* 0.35 6.06°¢ 034  595%¢ 009 6.53*® 029
Proline (%) ok 6.285%¢ 2.74 9.448 1.00 4.05¢ 0.35 998 078 1021 0.74 5.27¢ 2.4
Serine (%) ns 2.10 0.10 2.20 0.47 1.82 0.20 2.35 0.38 1.80 0.37 1.98 0.28
Threonine (%) ns 2.90 0.07 2.57 0.44 2.77 0.08 3.16 0.34 2.83 0.28 2.97 0.07
Tryptohphan (%) * 0.34° 0.05 0.37° 0.10 0.4148 0.04 0.53* 007  045*® 009  0.39*®  0.00
Tyrosine (%) ns 2.21 0.65 2.42 0.37 2.76 1.0 2.48 0.99 1.30 0.57 2.63 0.72
Valine (%) *kk 7.4948 0.20 6.80°¢ 0.16 7.78* 0.19 7.08%¢ 000 734" 040 7774 0.13

Caption: x = mean value; sy = 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
AL = Allgédu, BR = Bretagne, CH = Switzerland, FI = Finland, SA = Savoie, VO = Vorarlberg
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Table 4 Peptide pattern of the 20 Emmental cheese samples investigated using HPLC (peak area, arbitrary units).

Region (n=)

Peak number ANOVA AL (3) BR (3) CH (6) FI(2) SA (3) VO (3)

X Sx X Sx X Sx X Sx X Sx X Sx
1 * 1584F 138 459* 59 1908 51 25148 8 2628 58 1548 176
2 ook n.d.? - n.d.® - n.d.® - 1074 20 n.d.® - n.d.® -
3 ok n.d.? - n.d.® - n.d.® - 1224 18 n.d.® - n.d.? -
4 * n.d.? - 26" 45 29" 71 1934 83 32® 55 n.d.? -
7 ok n.d.? - n.d.® - 128 29 5284 32 30" 53 n.d.® -
8 ok 2128 120 269"° 60 434* 51 466* 8 279" 90 35148 38
10.1 ok 74B¢ 69 27¢ 47 1844 67 17748 13 24¢ 42 1294B€ 18
11 * 1276* 73 59548 587 11444 429 55448 297 3228 398 68748 248
11.1 * 3674 227 558 96 91® 115 28348 91 318 53 2788 206
11.3 ok 21548 19 79"¢ 138 309* 110 1014B€ 143 n.d.© - 1454B€ 13
12 * n.d.B -- 44748 496 n.d.? - 7834 696 26348 77 n.d.B -
12.1 otk 88274 8275 15375¢ 1347 12380* 2285 1178%¢ 1666 n.d.C - 81224%¢ 667
13.1 * 140248 340 908" 399 17458 379 21874 249 829° 823 17228 419
14 Hokk 5707%¢ 3774 2554€ 1246 14755% 3873 955¢ 585 683€ 58 96494 1641
14.1 ok 268" 326 558° 401 202" 170 2020* 480  1043*® 866 227" 242
22 * 997" 818 5898 300 27914 1069  2219** 1937 536" 292 11358 387
24 * 970" 984 23448 17 1832* 816 49248 188 9858 22 8198 709
37 * n.d.? - 534 47 n.d.® - n.d.” - n.d.? - n.d.? -
Total area ok 70092* 8108 37076 2338 81370% 12527  73532% 1769  35576® 24376 68974* 15313

Caption: x = mean value; sy = 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
AL = Allgéu, BR = Bretagne, CH = Switzerland, FI = Finland, SA = Savoie, VO = Vorarlberg

n.d.: below the detection limit
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Table 5 Casein fractions using SDS-PAGE-electrophoresis in the 20 Emmental cheese samples investigated (peak area, arbitrary units).

Region (n=)

Fraction name ANOVA AL (3) BR (3) CH (6) FI (2) SA (3) VO (3)

X Sx X Sx X Sx X Sx X Sx X Sx
ParaK * 8.87* 0.85 6.60° 0.56 8.0248 0.83 7.05*% 092  733*® 058  7.87*® 055
B degraded ns 3.40 0.66 1.93 0.71 2.72 0.58 1.85 0.07 3.87 0.32 3.8 1.2
vl * 12.40* 0.96 8.4% 1.7 11.1*8 14 9.6"® 26  1013*®* 087  9.57*® 023
72 ko 714 1.0 3.73" 0.80 6.53* 0.69 6.0* 1.2 5.834 0.32 5.934 0.81
Y3 * 3.46*%C 076 2.00€ 0.10 4.23* 0.88  3.05**¢ 078  3.93** 072 4.0"® 1.2
X1 ns 3.53 0.38 2.40 0.50 3.50 0.42 3.00 0.57 3.37 0.15 2.87 0.86
X1-2 ns n.d. - n.d. - 0.40 0.67 n.d. - n.d. - n.d. -
B % 14.4¢ 1.4 21.5% 1.6 16.8° 1.5 17.6" 2.7 17.1% 1.6 18.1*° 1.4
X2-1 ns 1.87 0.57 2.37 0.72 1.97 0.27 1.90 0.85 2.43 0.25 2.73 0.90
X2-2 ns 8.67 0.83 7.77 1.21 8.68 0.37 7.70 0.28 8.30 0.92 7.80 0.61
O % n.d.® - 2,74 2.4 n.d.? - n.d.? - n.d.? - n.d.? -
01 ok 8.75¢ 1.5 20.6* 1.4 6.68 0.96 19.70* 028 11.7° 1.8 10.5® 1.7
O % 19.548¢ 1.8 15.7€ 1.8 22.34 1.8 16.95€ 22 19474%¢ 092 21.1*® 2.1
X3 ook 8.00* 0.66 4.23¢ 0.60 7.148 1.2 5.70%¢  0.14  6.60*®  0.17 5.53%¢ 023

Caption: x = mean value; sy = 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
AL = Allgiu, BR = Bretagne, CH = Switzerland, FI = Finland, SA = Savoie, VO = Vorarlberg

X1, X1-2: fractions with unknown constitution migrating after 3

X2-1, X2-2: fractions with unknown constitution migrating after as;

X3: fractions with unknown constitution migrating before as;

n.d.: below the detection limit
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Table 6 Rheological analyses of the 20 Emmental cheese samples investigated.

Region (n=)
Parameters analysed ANOVA AL (3) BR (3) CH (6) FI1(2) SA (3) VO (3)
X Sx X Sx X Sx X Sx X Sx X Sx
Depth of penetration (mm) * 10.6*® 1.6 9.48 1.4 12.0% 1.2 9,548 1.3 9.38 077  10.9%8 1.3
Stress at fracture (N) ns 68 14 74 7.7 74 8.7 65 3.1 64 23 71 5.8
Strain at fracture (%) ns 56 19 104 46 68 31 79 3.6 56 5.7 60 25
Stress at 33% deformation (N) ns 18 54 19 4.8 14 1.4 20 3.1 18 3.7 17 2.4

Caption: x = mean value; s = 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
AL = Allgédu, BR = Bretagne, CH = Switzerland, FI = Finland, SA = Savoie, VO = Vorarlberg
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Figure 1 Principal component analysis using relative concentrations of asparagine, glycine,
lysine, phenylalanine and proline. Separation of the region “Switzerland”.

Figure 2 Peptide chromatogram of an Emmental sample from Switzerland. Peptide E is a
synthetic standard added.

Figure 3 Principal component analysis using values of as1, X3 (unknown structure) and peak
14. Separation of the regions “Bretagne”, “Finland” and “Savoie”.
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2. Principal component (25%)

2 T T
*
*Peak14
1 < +* _
<«
0 aSl@ ° L
LG
o
) | | |
-2 -1 0 1 2

1. Principal component (71%)

Figure 3

19

REGION

® Aligau (D)

> Bretagne (F)
¢ Finland

® Savoie (F)

* Switzerland

< Vorarlberg (A)



