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Evolution of the volatile components
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Correlation with flavour characteristics
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Abstract – La Serena cheese is a soft to semi-soft Spanish variety manufactured from Merino ewe

raw milk coagulated with an extract of Cynara cardunculus. In the present work a purge and trap ex-

traction procedure coupled to gas chromatography – mass spectrometry was used to study the volatile

fraction evolution during ripening of La Serena cheese. A total of 112 compounds were identified. Al-

cohols were quantitatively the main chemical family in the volatile fraction, increasing significantly

during ripening. Ethanol, 1-propanol, 2-propenol, 2-propanol, 2-butanol, 2-pentanol and the

branched chain 2-methyl-1-propanol and 3-methyl-1-butanol, were abundant at the end of ripening.

Esters, especially ethyl esters of acetic, butanoic, hexanoic and octanoic acids and 3-methyl-1-

butanol acetate, were found at high levels in the headspace of La Serena cheese. Concentrations of

most esters increased dramatically during ripening, and, given their low perception thresholds, may

be considered as key constituents of the aroma of this cheese variety. The principal component analy-

sis of sensory attributes and volatile compounds extracted 3 functions. Linear aldehydes and alco-

hols, 2-alkanols, branched-chain alcohols, 2-methyl-ketones, alkanes, terpenes and esters other than

ethyl esters correlated positively with function 1 (25.8% of the variance explained). Odour and aroma

quality, along with the sensory attributes lactic, fruits-flowers, and clean cheese flavour, and the

volatiles ethanol and ethyl esters, had a high correlation coefficient with function 2 (14.8% of the vari-

ance explained). 2-Butanone and the sensory attributes fishy and putrid had a negative correlation co-

efficient with this function. Odour and aroma intensity, along with the sensory attributes animal,

pungent and fishy, and the volatile compounds branched chain aldehydes, n-alkanols, 2-butanol and

esters, were positively correlated with function 3 (11.0% of the variance explained). Terpenes had a

negative correlation coefficient with this function.
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Résumé – Évolution des composés volatils dans le fromage La Serena pendant l’affinage. Cor-

rélation avec les caractéristiques sensorielles. La Serena est un fromage à pâte molle ou demi-dure

fabriqué à partir du lait cru de brebis Merino coagulé avec un extrait de Cynara cardunculus. Pour étu-

dier la fraction volatile pendant l’affinage du fromage La Serena, un dispositif d’extraction par espace

de tête dynamique « purge and trap » couplé à un appareil de CG-SM a été utilisé. Les alcools étaient

quantitativement la principale famille chimique dans la fraction volatile, et augmentaient significati-

vement au cours de l’affinage. L’éthanol, le 1-propanol, le 2-propenol, le 2-propanol, le 2-butanol, le

2-pentanol et les alcools ramifiés 2-méthyl-1-propanol et 3-méthyl-1-butanol étaient très abondants

en fin d’affinage. Des esters, principalement des esters éthyliques des acides acétique, butanoïque,

hexanoïque et octanoïque, ont été trouvés à des niveaux assez élevés dans la fraction volatile du fro-

mage La Serena. Les concentrations de la plupart des esters augmentaient considérablement pendant

l’affinage et, compte tenu de leurs seuils bas de perception, ils peuvent être considérés comme des

composés clés pour l’arôme de ce fromage. L’analyse en composantes principales des caractéristi-

ques sensorielles et des composés volatils a donné lieu à trois fonctions. Les aldéhydes et les alcools

primaires, 2-alkanols, alcools ramifiés, 2-méthyl-cétones, hydrocarbures, terpènes et des esters au-

tres que les esters éthyliques montraient une corrélation positive avec la fonction 1 (expliquant

25,8 % de la variance). La qualité de l’odeur et de l’arôme, avec les descripteurs sensoriels lactique,

fruits-fleurs, et arôme franc de fromage, et les composés volatils éthanol et esters éthyliques mon-

traient une corrélation élevée avec la fonction 2 (expliquant 14,8 % de la variance). La 2-butanone et

les descripteurs sensoriels poisson et pourri montraient une corrélation négative avec cette fonction.

L’intensité de l’odeur et de l’arôme, avec les descripteurs sensoriels animal, piquant et poisson, et les

composés volatils aldéhydes ramifiés, n-alkanols, 2-butanol et esters montraient une corrélation posi-

tive avec la fonction 3 (expliquant 11,0 % de la variance). Les terpènes avaient un coefficient de cor-

rélation négatif avec cette fonction.

Composé volatil / lait cru de brebis / fromage La Serena / affinage / arôme

1. INTRODUCTION

According to the balance theory, the fla-

vour of cheese is determined by a number

of volatile and non-volatile compounds in

equilibrium within the aqueous and fat

phases [34]. The enzymatic processes oc-

curring on milk proteins, fat, lactose and ci-

trate during cheese ripening give rise to

compounds that confer the cheese with

unique flavour and texture characteristics.

It is generally accepted that the volatile

compounds build up the odour and aroma

of food. This is the reason why several re-

search groups have undertaken studies on

the aroma compounds of different cheese

varieties [5, 8, 13, 20, 31, 32]. The volatile

fractions of some Spanish cheeses,

Manchego [17, 28, 43], Gamonedo [21],

Cabrales [19], Afuega’l Pitu [16], Idiazábal

[9], Mahón [35] and Roncal [22], have been

studied in the last decade as a response to

the growing interest in the characterisation

of traditional products protected by a des-

ignation of origin. Several review articles

summarise the present knowledge on vol-

atile formation and significance [10, 18,

29, 33, 38, 41, 42], and on the analytical

techniques used for their study [12, 27,

37].

Gas chromatography is the method of

choice for volatile compounds analysis, but

the isolation of compounds from the cheese

matrix can be carried out by different meth-

ods, such as high vacuum distillation [31,

32], simultaneous distillation extraction [9,

28], supercritical fluid extraction [25] or

headspace techniques [5, 13, 16, 43]. Ex-

traction by dynamic headspace has been

found advantageous over other techniques

because of its reduced sample preparation

time, high sensitivity, and limited risks of

artefacts related to the use of solvents [8].

The suitability of the electronic nose for the

study of cheese flavour is still being

checked [39].
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La Serena is a small (14–16 cm diame-

ter, 5–6 cm height) soft to semi-soft cheese,

made in Extremadura (western Spain),

from Merino ewe raw milk, and protected

by a designation of origin. No starter cul-

tures are added, and vegetable rennet, pre-

viously obtained from maceration of thistle

flowers (Cynara cardunculus) in water, is

used to coagulate the milk. The use of Me-

rino ewe raw milk and vegetable rennet

gives the cheese its peculiar characteristics

of flavour and texture. La Serena cheese is

consumed with a minimum ripening period

of 60 days, but it may ripen for up to 4

months. Some chemical and microbiologi-

cal characteristics of La Serena cheese have

been reported previously [14, 15, 30, 36],

showing that cheeses produced using vege-

table rennet had a lower moisture content

and a higher pH, with proteolysis occurring

at a faster rate and lipolysis at a slower rate,

as compared with cheeses produced using

animal rennet. Softening of cheese texture

was considerably more pronounced in veg-

etable rennet cheese, which also showed

significantly higher flavour quality and in-

tensity. This is the first study on the charac-

terisation of the volatile fraction of La

Serena cheese, dealing with the evolution

of the volatiles during ripening and their

correlation with sensory characteristics. A

detailed study on the seasonal variability of

the volatile compounds will be the object of

a following paper, using the data obtained

for the 2-month-old cheeses.

2. MATERIALS AND METHODS

2.1. Cheeses

Duplicate batches of Designation of

Origin La Serena cheeses were made from

150–300 kg Merino ewe raw milk in three

selected artisan dairy farms during the four

seasonal periods of the year. No starter

cultures were added and thistle extract was

the only coagulant used. Cheeses were

analysed for volatile compounds at 1, 60

and 120 days of ripening. Two cheeses per

batch were taken as duplicate samples for

dynamic headspace gas chromatography

analysis, making a total of 144 measure-

ments (3 dairies × 4 seasons ×

2 cheesemaking trials × 3 ripening times ×

2 cheeses). Cheese sectors were wrapped in

aluminium foil, vacuum packed and stored

at –40 ºC until analysis.

2.2. Purge and trap extraction

and GC-MS analysis

The singular soft texture of La Serena

cheese made it necessary to optimise sam-

ple preparation. The final procedure was as

follows: prior to sample preparation vac-

uum packed cheese sectors defrosted over-

night at 5 ºC, and then were kept at room

temperature until a temperature of 9 ºC was

reached. 15 g cheese were homogenised in

an analytical blender with 30 g Na2SO4 and

75 µL of an internal standard aqueous solu-

tion containing 0.5 mg·mL–1 cyclohexanone

and camphor (Sigma-Aldrich Química,

Alcobendas, Spain). An aliquot (2.25 g) of

the mixture was subjected to dynamic

headspace using helium (45 mL·min–1), in

an automatic purge and trap apparatus (HP

7695, Hewlett-Packard, Palo Alto, CA,

USA), at 50 ºC for 20 min, with 10 min of

previous equilibrium. Volatile compounds

were concentrated in a Tenax trap main-

tained at 30 ºC and 6.5 psi back pressure,

with 0.5 min dry purge, and desorbed for

1 min at 230 ºC directly into the injection

port at 220 ºC, with a split ratio of 1:20, and

1.4 mL·min–1 He flow.

Gas chromatography was carried out in

a GC-MS (HP-6890) apparatus equipped

with a capillary column HP Innowax (60 m

long; 0.25 mm ID; 0.5 µm film thickness).

Chromatographic conditions were as fol-

lows: 12.5 min at 45 ºC; 4 ºC·min–1 to

114 ºC; 6 min at 114 ºC; 7 ºC·min–1 to

143 ºC; 15 ºC·min–1 to 240 ºC, He flow:

1 mL·min–1. Total analysis time was
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51 min. Detection was performed with the

mass spectrometer operating in the scan

mode, 2.6 scan·s–1, with electronic impact

at 70 eV, and source and quadrupole tem-

peratures of 230 ºC and 150 ºC, respec-

tively. Peak identification was by

comparison of retention times and ion spec-

tra from real standards (Sigma-Aldrich

Química) and spectra from the Wiley 275

library (Wiley & Sons, Inc., New York,

USA). Semiquantification was carried out

by sum of characteristic ions abundance,

with reference to the cyclohexanone peak.

2.3. Sensory analysis

Fourteen trained panellists tasted the

cheeses at 60 and 120 days of ripening for

quality and intensity of odour and aroma on

a 0 to 7 points scale. Representative slices of

a maximum of three cheeses per session

were presented in closed individual Petri

dishes. Odour was defined as the olfactory

sensation felt directly by the nose. Aroma

was defined as the olfactory sensation felt

the retronasal way upon mastication. A de-

scriptive test was developed for La Serena

cheese based on the guidelines of Berodier et

al. [6]. Panellists were asked to give a score

on a 0 to 3 points scale for the following fla-

vour attributes: the families “lactic”, “fruits-

flowers”, “vegetal”, “animal”, “toasty”, and

the individual flavour descriptors “clean

cheese”, “sheepy”, “pungent”, “rancid”,

“fishy” and “chemical product”.

2.4. Statistics

Statistical treatment of the data was per-

formed using the SPSS Win 5.4 program.

Analysis of variance (α = 95%) was carried

out with ripening time as the main effect.

Mean comparisons were performed with

the Tukey’s honestly significant difference

test. Selected volatile components and

sums of related compounds found in 60-

and 120-day-old cheeses were used for

principal component analysis (PCA) with

Varimax rotation to correlate the volatile

compounds with sensory characteristics.

3. RESULTS AND DISCUSSION

3.1. Evolution of volatile compounds

during ripening

The purge and trap extraction and the

chromatographic method allowed the de-

termination of 112 volatile compounds in

the headspace of La Serena cheese during

ripening. Figure 1 shows the aroma profile

of cheeses at 1 and 120 days of ripening. A

total of 13 aldehydes, 8 ketones, 24 alco-

hols, 24 esters, 13 terpenes, 8 hydrocar-

bons, 11 aromatic compounds, 3 sulphur

compounds, 3 nitrogen compounds and

5 free fatty acids were identified. Tables I

to V list the relative abundance of the com-

pounds at the three studied ripening

periods, together with the chromatographic

retention times and the ions used for

quantification. Ten compounds were found

only in some samples: 2-propenyl

butanoate, 2-decenal, phellandrene, terpi-

nene, terpinolene, methyl cyclopentane,

tetrahydrofurane, pyridone, 1-nonanol and

indole, and have not been listed in the ta-

bles.

Most of the compounds identified in the

volatile fraction of La Serena cheese have

been previously detected in other cheese va-

rieties [5, 9, 13, 17, 22, 32, 33, 38, 41] and

were present both in 60- and 120-day-old

cheeses. The volatile fraction of 1-day-old

cheeses contained, as expected, low concen-

trations of most compounds. Aldehydes,

2,3-butanedione, ethanol, some linear and

branched-chain alkanols and hydrocarbons

were the compounds mainly represented in

fresh cheeses. The results for volatile com-

pounds grouped by families follow.

3.1.1. Carbonyl compounds

Table I shows the abundance of alde-

hydes and ketones in the volatile fraction of

686 M. Carbonell et al.
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Figure 1. Chromatographic profile corresponding to the headspace of (A) 1-day-old and (B)

120-day-old La Serena cheese made in spring. Identification of peaks as in Tables I to V. CY: internal

standard cyclohexanone; CA: internal standard camphor. See Materials and Methods for chromato-

graphic conditions.



La Serena cheese. Aldehydes, unstable

compounds that are reduced to alcohols or

oxidised to acids, appear at low concentra-

tions in the volatile fraction of most

cheeses. However, they have been found as

major compounds in mature Proosdij and

Parmesan cheeses [13] and in cheeses made

using wild strains of Lactococcus lactis as

starter cultures [4]. All linear aldehydes,

with the exception of n-hexanal, increased

significantly during ripening. Concentra-

tions of branched-chain aldehydes, espe-

cially of 3-methyl-1-butanal, were higher

in the fresh cheese, decreased during the

first two months (Tab. I), and then increased

again until day 120. Their pattern of behav-

iour during ripening may be due to the dif-

ferent redox conditions in fresh and mature

cheeses. 2-Propenal (acroleine) increased

significantly during the ripening period. It

has been detected in the volatile fraction of

Domiati [11] and Roncal [22] cheeses.

Diacetyl (2,3-butanedione), with its

sweet buttery and vanilla aroma [33], and,

to a lesser extent, its reduction product

acetoine, play an important role in the vola-

tile fraction of a number of fermented dairy

products. Because of its low perception

threshold, diacetyl could be contributing to

the flavour of La Serena cheese. Enzymes

from the raw milk microbiota further re-

duce acetoin to 2-butanone and 2-butanol

[24, 41], compounds that have been found

at high concentrations in La Serena cheese,

as well as in other raw milk cheeses [17,

22].

Ketones are intermediate compounds,

which may be reduced to secondary alco-

hols. 2-Butanone and 2-propanone were

quantitatively significant among the 2-

alkanones in La Serena cheese (Tab. I).

However, 2-pentanone and 2-heptanone,

although appearing at lower concentra-

tions, are very probably playing a more im-

portant role in the aroma due to their much

lower perception thresholds. Methyl ke-

tones, particularly 2-heptanone and 2-

nonanone, are primarily recognised for

their contribution to the flavour of mould-

ripened cheeses [13, 20, 32, 38]. 2-

Pentanone may impart an orange-peel

aroma to cheese [2]. All ketones increased

their concentration over the ripening period

(Tab. I).

3.1.2. Alcohols

The strong reducing conditions in

cheese favour the formation of alcohols

from aldehydes and ketones, following re-

action pathways which involve alcohol

dehydrogenases [33]. Alcohols are quanti-

tatively the main chemical family found in

the volatile fraction of La Serena cheese, in-

creasing significantly but at different rates

during the ripening process (Tab. II). Etha-

nol and 3-methyl-1-butanol were the main

volatiles in fresh cheese (Fig. 1). Among

the 23 species of alcohols quantified, etha-

nol, 1-propanol, 2-propenol, 2-propanol

and 2-butanol, reduction products of

acetaldehyde, 1-propanal, 2-propenal, 2-

propanone and 2-butanone, respectively,

were most abundant at the end of ripening,

but very probably not the most important

for the aroma, due to their high detection

thresholds. 2-Pentanol and the branched

chains 2-methyl-1-propanol and 3-methyl-

1-butanol, with lower detection thresholds,

were also very abundant, and are thus very

probably playing an important role in the

aroma of this variety. 3-Methyl-1-butanol,

as well as 2-methyl-1-propanol, have fruity

[23, 38], fusel oil, or whisky odours [31] or

even chocolate flavour [3, 4], according to

different authors and maybe depending on

their concentration. Coming from amino

acid catabolism [10] the production of 3-

methyl-1-butanol and 3-methyl-1-butanal

could be favoured in La Serena cheeses by

the use of the highly proteolytic vegetable

rennet. 3-Methyl-1-butanol is also a major

alcohol in Proosdij cheese [13].

3.1.3. Esters

Twenty-three species of esters were

quantified in the volatile fraction of La

688 M. Carbonell et al.
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Serena cheese (Tab. III). The large amounts

of ethanol detected at all ripening periods

may not be important for the aroma, but eth-

anol is crucial for the formation of ethyl es-

ters, very abundant in this variety,

especially ethyl esters of acetic, butanoic,

hexanoic and octanoic acids. The acetate of

3-methyl-1-butanol also reached notable

levels in 120-day-old cheeses, due to the

large amounts of this branched-chain alco-

hol present. Concentrations of most esters

increased dramatically during ripening. In

fact, these compounds were the most abun-

dant family, after alcohols, in the headspace

of La Serena cheese. Given their low detec-

tion thresholds and the way their concentra-

tions increase with ripening time, esters

may be considered as key constituents of

the aroma of this variety. Esters are main

components of the aroma of Parmesan

cheese [5], but an excessive concentration

has been reported to cause a defect in Ched-

dar cheese [7].

Ethyl esters may contribute to the cheese

aroma not only by providing fruity notes

but also by minimising the harsh flavours

produced by other volatile compounds ac-

cording to Anderson and Day [1]. We will

further refer to this masking effect of ethyl

esters in La Serena cheese. Low levels of

methyl, propyl, butyl and some branched-

chain alkyl esters of short-chain fatty acids,

and traces of ethyl esters of n-C9 and C10

fatty acids were also detected in this variety.

3.1.4. Miscellaneous compounds

A high concentration and diversity of

terpenes were observed in La Serena cheese

(Tab. IV), presumably coming either from

animal feed or from the thistle used as coag-

ulant. Some of them, α-pinene, camphene,

δ-carene, limonene and cymene, seemed to

increase during ripening but the variability

between dairies was too high to make that

increase significant. Larsen [26] has ob-

served the production of terpenes by fungi.

All hydrocarbons, coming from lipid oxi-

dation, increased slightly but significantly

during ripening (Tab. IV). Hydrocarbons

have been frequently reported in the vola-

tile fraction of cheeses [40], although usu-

ally at low concentrations not detectable by

olfactometry [2].

Aromatic compounds and free fatty ac-

ids did not change significantly during rip-

ening (Tab. V). This unexpected result may

be due to the inefficacy of the purge and trap

technique for the determination of FFA.

Three sulphur compounds were detected in

La Serena headspace: carbon disulphide,

dimethyl sulphide and dimethyl disulphide,

with a high variability between dairies.

Concentrations of carbon disulphide and

dimethyl disulphide increased significantly

during ripening, while that of dimethyl sul-

phide decreased slightly (Tab. V). Two ni-

trogen compounds were found, acetonitrile

and pyrrol, which did not vary significantly

during ripening. Their origin is unknown,

and they probably were contaminants. Only

traces of indole, a compound possessing an

offensive odour, were found.

3.2. Sensory analysis.

Principal component analysis

Analysis of variance showed significant

differences in odour and aroma intensity

between 60-day-old and 120-day-old

cheeses, but not in odour or aroma quality

(Tab. VI). Some aroma attributes scores (on

a 0 to 3 points scale) increased significantly

from 60 days to 120 days of ripening: 0.35

to 0.50 for the family “lactic”, 0.91 to 1.39

for the family “animal”, 0.40 to 0.52 for the

descriptor “rancid” and 0.43 to 0.69 for the

descriptor “pungent”.

Due to the complexity of cheese flavour

and the limitations of both instrumental

methodology and human tasting panels, it

is not an easy task to correlate the presence

or concentration of volatile compounds with

sensory characteristics. However, it was the

final aim of our study on the volatile fraction

of La Serena cheese, and with that purpose

we subjected several groups of volatile

692 M. Carbonell et al.
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compounds to Principal Component Analy-

sis, along with certain individual com-

pounds, and scores for odour and aroma

quality, for odour and aroma intensity and

for some sensory attributes. Table VII lists

the correlation coefficients of variables

with the three functions extracted.

Function 1 explained 25.8% of the vari-

ance and it seemed to be composed only of

volatile compounds. Linear aldehydes

and alcohols, 2-alkanols, branched-chain
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Table VI. Sensory scores on a 0 to 7 points scale

for the quality and intensity of odour and aroma

of La Serena cheese at 60 and 120 days of

ripening.

Sensory scores 60 d 120 d

Odour quality 4.35 ± 0.37
a

4.29 ± 0.63
a

Aroma quality 4.21 ± 0.53
a

4.25 ± 0.69
a

Odour intensity 4.55 ± 0.48
b

4.96 ± 0.33
a

Aroma intensity 4.64 ± 0.68
b

5.30 ± 0.36
a

Table VII. Correlation coefficients for volatile compounds and sensory attributes with the functions

in the principal component analysis with Varimax rotation.

Function 1 Function 2 Function 3

Sensory attributes

Odour quality –0.2077 0.7922 –0.0058

Aroma quality –0.1763 0.7607 0.1846

Odour intensity 0.0215 0.0055 0.7128

Aroma intensity 0.2918 –0.1310 0.6072

Family lactic 0.1020 0.6398 –0.1191

Family fruits-flowers –0.0840 0.4303 0.0726

Family animal 0.1491 0.2415 0.6475

Clean cheese flavour –0.3152 0.5714 –0.0958

Chemical flavour 0.5327 –0.1977 –0.3436

Rancid 0.3508 –0.0199 0.3200

Pungent 0.0899 –0.0578 0.7171

Fishy –0.0022 –0.5950 0.5753

Volatile compounds

Ketones 0.8138 –0.1252 0.0790

n-Aldehydes 0.7946 0.1598 0.0927

2-Alkanols 0.7930 0.2345 –0.0382

Alkanes 0.6886 0.2135 0.1967

Other esters 0.6748 –0.2037 0.3100

Branched chain esters 0.6713 –0.2513 0.3131

Terpenes 0.6707 –0.0782 –0.4491

n-Alkanols 0.6119 0.1124 0.4668

2-Butanone 0.5858 –0.4581 0.2137

Branched chain alcohols 0.5829 –0.3691 0.3840

Diketones 0.5501 –0.1084 0.0330

Sulphur compounds 0.5081 –0.0694 0.2579

Ethyl esters 0.3269 0.6599 0.2706

Ethyl lactate –0.0352 0.6110 0.2590

Ethanol 0.0836 0.4683 –0.2437

Branched chain aldehydes 0.1475 –0.0173 0.6545

2-Butanol 0.4050 –0.0876 0.4180



alcohols, 2-methyl-ketones, 2-butanone,

alkanes, terpenes and esters other than ethyl

esters correlated positively with function 1,

along with the sensory attribute chemical

product. The correlation matrix showed

that the descriptor chemical compound was

positively correlated (P < 0.001) with lin-

ear aldehydes (r = 0.35), ketones (r = 0.45),

terpenes (r = 0.38) and 2-butanone

(r = 0.45).

Function 2 explained 14.8% of the vari-

ance and seemed to be related to cheese

quality. Along with odour and aroma qual-

ity, the sensory attributes lactic, fruits-flow-

ers, and clean cheese flavour, and the

volatiles ethanol and ethyl esters, ethyl lac-

tate included, had a high correlation coeffi-

cient with function 2. On the other hand, 2-

butanone and the sensory attribute fishy had

a negative correlation coefficient with this

function. The correlation matrix showed that

ethyl esters were positively correlated

(P < 0.01) with odour quality (r = 0.27) and

aroma quality (r = 0.27), and with the attrib-

utes fruits-flowers (r = 0.27) and rancid

(r = 0.35). Branched-chain esters were neg-

atively correlated with odour quality

(r = –0.33) and clean cheese flavour

(r = –0.40). Some interactions between vol-

atile compounds could be detected in La

Serena cheese. Esters correlated positively

with the quality of cheese aroma, while 2-

butanone correlated negatively. It was ob-

served that cheeses with high concentrations

of 2-butanone received higher aroma quality

scores than expected when they contained

high amounts of esters. Anderson and Day

[1] observed a masking effect of esters on the

harsh notes of free fatty acids and amines.

Function 3 explained 11.0% of the vari-

ance and seemed to be related to flavour in-

tensity. Along with odour and aroma

intensity, the sensory attributes animal, pun-

gent and fishy, and the volatile compounds

branched-chain aldehydes, n-alkanols, 2-

butanol and, to a lesser extent, esters, were

positively correlated with function 3.

Terpenes had a negative correlation coeffi-

cient with this function. The correlation ma-

trix showed that aroma intensity was

positively correlated (P < 0.001) with linear

aldehydes (r = 0.36), ketones (r = 0.38),

branched-chain aldehydes (r = 0.45), pri-

mary alcohols (r = 0.31), branched-chain al-

cohols (r = 0.37) and branched-chain esters

(r = 0.34). Branched-chain aldehydes and

primary alcohols were positively correlated

(P < 0.001) with the attributes animal

(r = 0.39; r = 0.41, respectively) and pun-

gent (r = 0.43). Secondary alcohols were

positively correlated (P < 0.001) with

chemical product flavour (r = 0.34).

Branched-chain alcohols and branched-

chain esters were positively correlated with

rancid (r = 0.36) and pungent flavour

(r = 0.36; r = 0.28, respectively) and with

odour intensity (r = 0.37), and negatively

with clean cheese flavour (r = –0.39) and

odour quality (r = –0.31). Methyl, propyl

and butyl esters were positively correlated

with aroma intensity (r = 0.31) and with ran-

cid flavour (r = 0.34), and negatively corre-

lated with clean cheese flavour (r = –0.39)

and odour quality (r = –0.30). Terpenes

were positively correlated (P < 0.001) with

chemical product flavour (r = 0.38).

A high number of volatile compounds

could be involved in the odour and aroma of

La Serena cheese, as shown by the results

obtained in the present work. Especially

ethyl esters and some alcohols seem to play

a key role in both the aroma intensity and

quality of La Serena cheese.
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