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This paper offers a contribution to the study of the aromatic fraction of uncooked paste cheeses
made from cow’s milk. Due to the acidic nature of this type of cheese, the main aromatic fraction
studied was the acidic aromatic fraction. Research focused on Spanish Mahón cheese of certified
origin, manufactured from pasteurized milk and ripened for two months. This study resulted in
28 components being identified, i.e., 11 fatty acids (butanoic acid, 3-methyl butanoic acid,
pentanoic acid, hexanoic acid, heptanoic acid, octanoic acid, nonanoic acid, decanoic acid, 10-
undecanoic acid, dodecanoic acid and tetradecanoic acid); six ethyl esters (ethyl butanoate, ethyl
hexanoate, ethyl octanoate, ethyl decanoate, ethyl tetradecanoate and ethyl hexadecanoate); one
aldehyde (nonanal); four methyl ketones (2-pentanone, 2-heptanone, 2-nonanone and 2-unde-
canone); three alcohols (2-methyl pentanol, 1-heptanol and 2-6 diterbutyl p-cresol); two n-alkene
hydrocarbons (2-methyl 4-nonene and 3-tetradecene) and one aromatic hydrocarbon (limonene).
The highest levels were those of non-branched aliphatic fatty acids: decanoic, hexanoic, octanoic
and butanoic acids. The volatile fraction was isolated using the combined simultaneous distilla-
tion—extraction (SDE) procedure. The components were identified by gas chromatography—mass
spectrometry and quantified by applying standard internal procedures. The results obtained
were compared with those found in literature, which revealed that the levels of these compounds,
which are found in many other varieties of cheese, vary considerably. ( 1999 Academic Press
INTRODUCTION

The Mahón cheese of certified origin, also known as Minorcan cheese, is manufac-
tured throughout the island of Minorca (Balearic Islands, Spain). Although usually
eaten after two month’s ripening, it is also consumed fresh, tender and mature. It is
made from raw or pasteurized whole cow’s milk, uncooked pressed paste and enzy-
matic coagulation using rennet. The cheeses are parallelepiped-shape with rounded
edges, and are usually medium to large-size with weights of up to 4 kg. The rind is
smooth and sealed but sticky, and yellow or orange in colour due to the external
treatment sometimes applied consisting of one or more of olive oil, paprika and
butter. The cheese cross-section is non-springy and sealed, with spontaneous cavities
of different sizes; the colour varies from ivory white to deep yellow, with brownish
beige edges. It has a unique and characteristic flavour, slightly acidic and salty and not
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very greasy. It can be milky and moist when fresh, and dry and strong, with a little bite
as it ripens (Frau et al., 1994).

The volatile compounds in cheese vary according to the variety and depend on both
the manufacturing process and ripening conditions (Roberts and Vichers, 1994; Sable
et al., 1997). Numerous studies of the volatile compounds in different varieties have
been conducted (Yang and Min, 1994; Preininger and Grosch; 1994, Muir et al., 1997).
Only one study which addresses the volatile fraction of Mahón cheese has been
located, a comparative study of six European AOC (Certified Origin) cheeses (Bosset
and Gauch, 1993).

Different procedures were used to isolate and concentrate the said volatile fraction:
the headspace technique (Rafecas et al., 1985; Imhof and Bosset, 1991; Fernandez-
Garcia, 1996); direct extraction by solvents (Dunn and Lindsay, 1985; Martelli and
Tour, 1990); extraction by supercritical solvents (Toumala and Kallio, 1996); distilla-
tion (Gallois and Langlois, 1990; Banks et al., 1992); ‘‘Tower’’ high vacuum distillation
and vapour distillation in rotavapour (Klein et al., 1990). Simultaneous vapour
distillation and solvent extraction (SDE) was one of the procedures chosen for its
speed, economy and effectiveness in isolating cheese volatiles (Godenfroot et al., 1981;
De Frutos et al., 1988; Virgili et al., 1994).

The study of the aromatic fraction may contribute to greater knowledge of the
specific characteristics of the composition of Mahón cheese and consequently facilit-
ates the process of determining whether a cheese complies with the pertinent certifica-
tion (European Community Regulations CEE 2)081/92 and 2)082/92). The slightly
acidic characteristics of this kind of cheese together with the dearth of knowledge on
the acidic compounds in the aromatic fraction are what make the characterization of
the volatile fraction of Mahón cheese made from pasteurized milk and ripened for two
months so interesting.

MATERIALS AND METHODS

Raw Material

Cheeses manufactured from pasteurized milk and ripened for two months at 12—13°C
with a relative humidity of 88%, were provided by the CRDOQM (Mahón Cheese
Regulatory Board) in Minorca, Spain. The average moisture content of these cheeses
was 0)04 kg of water per kg of cheese, this being the average of 15 readings. Three
pieces of approximately 200 g were taken from each of the nine cheeses sent to the
laboratory. Each pieces was cut in a pyramid shape from the centre up to the external
part of the cheese. Approximately 0)5 cm of the outer zone of the cheese sample,
including the rind was discarded. The three pieces of a given cheese were finely grated
together and thoroughly blended using a mixer, thus obtaining a representative
sample for a single cheese.

All reagents were of analytical grade. Standard compounds for defining GC reten-
tion times and mass spectra (MS) were purchased from SIGMA-ALDRICH
QUIMICA S.A. (Madrid, Spain).

Isolation of the Aromatic »olatile Components

The volatile components were isolated using equipment manufactured by Fisher
Scientific U.K. Ltd (Loughborough, Leics., England), employing the combined simul-
taneous distillation-extraction procedure based on the method described by Gode-
froot and colleagues in 1981, using pentane as a solvent. This method is widely used in
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cheese analysis (Aishima and Nakai, 1988; De frutos et al., 1991; Martinez-Castro et
al., 1991) although some authors (Werkhoff et al., 1998) reported artifacts when
boiling took place for 5 h. This problem has probably been minimized by shortening
the boiling time when using smaller amounts of material.

In each analysis, a 10 g sample was introduced into a 500 ml round-bottomed flask,
to which 100 ml of hot bidistilled water were added together with 50 lg of camphor
used as internal standard, as previously described by Frutos et al. (1988). The flask
was held in an ultrasonic bath for 15 min to facilitate the total disintegration of the
sample and was then introduced into the bath of oil heated to 110°C in the extraction
equipment. The 50 ml heart flask containing 3 ml of pentane solvent, was introduced
into a water bath at 50°C. The steam of both flasks was condensed in the common
refrigerated ‘‘U-tube’’ of the equipment. After 30 min distillation all the contents of the
U-tube were collected in an airtight, sealed tube and frozen at !18°C to facilitate the
separation of the aromatic fraction (which is liquid and has lower density at !18°C)
in which all the aromatic compounds were dissolved. This organic phase was concen-
trated in nitrogen steam up to a final volume of approximately 100 ll.

Gas Chromatography

The concentrated extracts were analysed by an Autosystem Perkin Elmer Gas
Chromatograph (Norwalk, Connecticut, U.S.A.) equipped with a flame ionization
detector (FID) and a fused silica capillary column Cromlab SL 30 m]0.25 mm of
DB-FFAP phase, specific for free acids, methyl ketones and esters. The oven temper-
ature was programmed: 60°C for 5 min; from 60 to 200°C at 4°C/min; 200°C for
34 min; from 200 to 230°C at 10°C/min. The carrier gas used was nitrogen (2 ml/min).
Injections were conducted with a split ratio of 1 : 16. The injected volume was 1 ll. The
injector and detector temperature was set at 250°C. The chromatographic data was
processed using a Perkin-Elmer Personal Integrator Model 1020 (Norwalk, Connec-
ticut, U.S.A.).

Gas Chromatography—Mass Spectrometry

The volatile components were identified by gas chromatography and mass spectro-
metry (GC—MS) using a Fisons Trio 1000 GC—MS (Manchester, England) using
helium as a carrier gas. Fragmentation was performed by electronic impact EI#at
70 eV, and Scan mode between 50 and 450 mass units. The same chromatographic
column and temperature programming mentioned above were applied. The
mass spectra obtained for all compounds were compared with several standard
mass spectra obtained from the equipment database. The relative retention time
of the standards was also compared with those obtained for identified
compounds.

Quantification was carried out from peak areas of components and internal stan-
dard (camphor). The GC detector response correction of each component was also
taken into account. Quantitative results were obtained by calculating the average of
nine cheese sample analyses. Coefficients of variation (cv.) were calculated by
repeating the SDE extraction and subsequent analysis of a Mahón cheese sample
to determine the repeatability of the analysis. The cvs. of most peaks were lower
than 15% and never exceeded 20%, which is considered to be a satisfactory result
for this type of analysis. The average amount recovered of the internal
standard, camphor, was 87%, a figure not taken into account for quantification
purposes.
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RESULTS AND DISCUSSION

Twenty-eight compounds were identified by GC—MS in this study, of which 21 were
quantified by the internal standard procedure (Table 1). The relative retention times
were calculated in relation to the internal standard (camphor). The values of the
quantified components obtained are shown (lg compound/g dry matter) together
with their percentage variation coefficients. Those compounds include 10 fatty acids
(butanoic, 3-methyl butanoic, pentanoic, hexanoic, heptanoic, octanoic, nonanoic,
decanoic, dodecanoic and tetradecanoic); six ethyl esters (ethyl butyrate, ethyl hexa-
noate, ethyl octanoate, ethyl decanoate, ethyl tetradecanoate and ethyl hexadeca-
noate); four methyl ketones (2-pentanone, 2-heptanone, 2-nonanone, 2-undecanone)
and one alcohol (1-heptanol). Figure 1 shows a typical GC/FID capillary gas
chromatogram of the SDE volatile fraction of Mahón cheese. The peak numbers
correspond to the numbers in Table 1.

The main compounds are the decanoic, hexanoic, octanoic, butanoic and
dodecanoic fatty acids for which the following average values 110, 91, 53, 48 and 40
(lg/g, dm, respectively, were obtained. The lower values corresponded to the ketones
2-pentanone, 2-undecanone and 2-nonanone with 0)33, 0)4 and 1)1 lg/g dm, respec-
tively. Ethyl esters varied between 1)5 lg/g dm for ethyl hexanoate, and 6.6 lg/g dm
TABLE 1

Components of the SDE volatile fraction in Mahón cheese DO (certified origin) after 60 days of ripening

Component Peak
number

Retention
time
(min)

Relative
retention

time1

Concentration
lg/g dm
(n"9)

VC
%

Identification

2-methyl pentanone 01 03)83 0)18 0)33 18 GC—MS, GC
Ethyl butanoate 02 04)23 0)21 0)66 14 GC—MS, GC
2-methyl heptanone 03 07)51 0)40 2)0 5 GC—MS, GC
Limonene 04 07)93 0)43 GC—MS
Ethyl hexanoate 05 09)06 0)54 1)5 7 GC—MS, GC
2 methyl 4-nonene 06 09)78 0)58 GC—MS
2 methyl pentanol 07 10)24 0)59 GC—MS
2 methyl nonanone 08 14)43 0)77 1)1 9 GC—MS, GC
Nonanal 09 14)76 0)79 GC—MS
Ethyl octanoate 10 15)99 0)86 3)3 9 GC—MS, GC
3-tetradecene 11 16)63 0)89 GC—MS
1-heptanol 12 16)74 0)90 1)0 8 GC—MS, GC
2-methyl undecanone 13 21)45 1)15 0)4 15 GC—MS, GC
Butanoic acid 14 22)36 1)20 48 12 GC—MS, GC
Ethyl decanoate 15 23)08 1)24 6)6 12 GC—MS, GC
3-methyl butanoic acid 16 23)66 1)27 1)3 15 GC—MS, GC
Pentanoic acid 17 25)74 1)38 1)3 13 GC—MS, GC
Hexanoic acid 18 28)84 1)55 91 9 GC—MS, GC
2-6 diterbutyl p-cresol 19 30)74 1)65 GC—MS
Heptanoic acid 20 31)77 1)71 2)2 14 GC—MS, GC
Ethyl tetradecanoate 21 33)64 1)81 6)6 14 GC—MS, GC
Octanoic acid 22 34)61 1)86 53 6 GC—MS, GC
Nonanoic acid 23 37)24 2)00 1)8 11 GC—MS, GC
Ethyl hexadecanoate 24 39)50 2)12 3)2 0)5 GC—MS, GC
Decanoic acid 25 39)87 2)14 110 9 GC—MS, GC
10-undecanoic acid 26 42)34 2)22 GC—MS
Dodecanoic acid 27 46)06 2)47 40 19 GC—MS, GC
Tetradecanoic acid 28 56)47 3)03 33 18 GC—MS, GC

1Calculated in relation to the internal standard camphor retention time.



FIGURE 1. Typical capillary gas chromatogram-FID (capillary column DB-FFAP 30 m]0)25 mm) of
SDE volatile fraction components in Mahón cheese. The peak numbers correspond to the numbers of Table
1; (*) internal standard camphor.
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for both ethyl tetradecanoate and ethyl hexadecanoate. The only quantified alcohol
was found at a level of 1 lg/g dm.

The only reference found to the composition of the volatile fraction of Mahón
cheese was the study mentioned earlier (Bosset and Gauch, 1993), which reported
a total of 28 volatile compounds including neutral and alkaline compounds and also
quantified alcohols, methyl ketones, aldehydes, esters and aromatic hydrocarbons.
The compounds identified in that study were found to differ from those described
here, probably due to the different extraction procedures employed.

The composition of the aromatic fraction in Manchego cheese (another Spanish
cheese with certified origin) was studied (Martinez-Castro et al., 1991) using the
simultaneous distillation—extraction procedure (SDE) and the same type of column
used in the present study. However, in Manchego cheese, unlike Mahón cheese, the
main compounds were ethyl esters and non-fatty acids. Since the manufacturing
processes of both cheeses are similar, these differences could be due to the kind of milk
used: sheep’s milk being used for Manchego and cow’s for Mahón cheese.

In a study carried out on the composition of free fatty acids (from C4 : 0 to C16 : 0) in
seven known cheese varieties: Camembert, Brie, Port Salut, Monterey Jack, Ro-
quefort, Blue and Limburger (Woo et al., 1984), the levels of almost all the acids
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studied were higher in the last three varieties than those obtained in the present study.
Mahón cheese on the other hand, had higher levels of hexanoic, octanoic and
decanoic acids than the four first varieties.

Seventeen and 27 compounds were identified, respectively, in Cheddar and Swiss
cheese ripened for two months (Wesley and Min, 1994). The main aroma constituents
were ketones and alcohols, accounting for 92 and 88% of the total constituents of the
aromatic fraction, respectively. No acidic compounds were identified in Swiss cheese,
however in Cheddar cheese, acids of 4, 5 and 6 carbon atoms were identified, albeit in
very small amounts. Both types of cheeses are characterized by the presence of sulphur
compounds, which contribute to the aroma of the former (Christensen and Rein-
necius, 1995).

In different cooked paste cheeses such as Gruyère (Swiss Gruyère, Greek Gruyère
and Comté Gruyère) (Berdague et al., 1987; Bosset et al., 1993) the main compounds
were the fatty acids butanoic, propanoic and ethanoic, however, in Mahón cheese the
last two were not found. Nevertheless, the levels of methyl ketones and ethyl esters
obtained were approximately the same as those found in Comté Gruyère (Guichard et
al., 1987). These differences in composition could be related to the type of manufactur-
ing.

From the comparative study carried out it could be concluded that uncooked
pressed paste Mahón cheese is characterized by its high volatile fatty acids content.
However, these have longer chains (decanoic, octanoic, hexanoic, etc.) than those
found in other cheese varieties, such as cooked paste, Gruyère type. Volatile fatty
acids, being rather abundant, can contribute considerably to the organoleptic charac-
teristics of Mahón cheese. Methyl ketones and esters contents do not differ signifi-
cantly from those of many other cheese varieties, except blue cheeses, in which methyl
ketones are the main compounds, accounting for between 50 and 75% of the total
aromatic profile (Gallois and Langlois, 1990; Taylor, 1995).
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Frau, M., Casals, J., Mestres, J., Mulet, A., Roselló, C. and Squella, J. (1994). Control de calidad del queso
Mahón. Ind. ¸acteas EspanJ olas 187, 49—54.

Gallois, A. and Langlois, D. (1990). News results in the odours compounds on French cheeses. ¸e ¸ait 70,
89—106.

Guichard, E., Berdague, J. L. and Grappin, R. (1987). Affinage et qualité du Gruyère du Comté V. Influence
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