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Abstract

In this review a new approach to the food aroma analysis using various instrumental techniques is described. In the last decade exten-
sive studies have been performed concerning aroma profiles (called in this article ‘aromagrams’) of food products and beverages. Arom-
agram is characteristic or even individual fingerprint of the odour, obtained usually by chromatographic methods or electronic nose.
Basing on the fact that each product has its own unique pattern of volatile components, it is possible to get desired information about
organoleptic quality and health safety of the product by qualitative and quantitative comparison of aromagrams of different foodstuffs.
Appearance of aromagrams and their usefulness depend on the assay method, particularly on the extraction step. The paper reviews the
methods developed to analyse volatiles in food products basing upon their aroma profiles.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Quality, in its most general sense, is the ability to meet
specific requirements. In production and food quality con-
trol, protection is of utmost importance, that is ensurance
of the health and life of consumers by taking appropriate
action at every stage of production and food distribution.
For the consumer, in turn, organoleptic quality is equally
important and often decisive in the purchase. Among the
many organoleptic quality components such as colour,
rheologic properties or packaging, the flavour takes a par-
ticular place, i.e. the odour and taste sensations received
when eating. Thus the presence, contents and composition
of volatile substances in food have a substantial influence
on its quality. What is more – each product has a charac-
teristic and unique composition of volatile components.
The aroma of most food products consists of complicated
mixtures, sometimes consisting of several hundred com-
pounds. An analysis of odour – its identification and
quantitative evaluation – can constitute a valuable source
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of information on the health quality of food, which
includes both the organoleptic quality and the consumer’s
health safety.

2. Potentialities of using aromagrams in the valuation of food
quality

Volatile substances can originate at every production
stage from all food components. They are present in raw
materials, they come into being intentionally or unintended
during the technological process and they are also created
during storage of food products. Already thousands of
odorous compounds have been detected and still new ones
are being identified (Czapski, Grajek, & Pospiech, 1999).
Aroma profiles found in food are the result of a huge num-
ber of reactions occurring between components of food
products. The character of the resulting aroma depends
upon a number of factors: availability and structure of
the reagents, participation of fat, aminoacids and saccha-
rides, reaction conditions (temperature, duration, water
activity, pH, oxygen level, etc.). The main sources of vola-
tile substances, also including aromatic ones, are shown in
Fig. 1.
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Fig. 1. Main sources of volatile food components.
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2.1. Application of primary aroma profiles

Natural odorous compounds, for example those origi-
nating during metabolic pathways of aminoacids and fats
– carboxylic acids, alcohols, carbonyl compounds, lactones
– or during ripening of fruit – terpenes, esters, ethers – cre-
ate the desired aroma of food (Grabowska, 1994). They are
characteristic for a given raw material and product, but at
the same time dependent upon a number of factors, in par-
ticular on the kind and origin of the raw material. Thus
they can testify on the authenticity of a product. On the
basis of determination of volatile components it is possible,
among others, to detect adulterations of olive oil by other
vegetable oils (Lorenzo, Pavón, Laespada, Pinto, & Cor-
dero, 2002; Oliveros et al., 2002; Webster, Simpson,
Shanks, & Moffat, 2000) or distinguish products depending
on their geographical origin. So far there have been suc-
cessfully elaborated methods for geographical differentiat-
ing such products as cheese (Bellesia et al., 2003), black
tea (Borse, Rao, Nagalakshmi, & Krishnamurthy, 2002),
fruit (Boudhrioua, Giampaoli, & Bonazzi, 2003), honey
(Radovic et al., 2001; Soria, González, Lorenzo, Marti-
nez-Castro, & Sanz, 2004), ham (Sánchez-Peña, Luna,
Garcia-González, & Aparicio, 2005), orange juice (Steine,
Beaucousin, Siv, & Peiffer, 2001).

The composition of natural volatile elements of food,
but also those originating during its processing is also a
feature classifying food products. As an example, another
composition will characterize brandy and another – whisky
(Park, Kim, & Kim, 1999). Likewise – it is possible to state
the brand of tea (Togari, Kobayashi, & Aishima, 1995) or
coffee (Freitas, Parreira, & Vilas-Boas, 2001) on the basis
of determining the type and number of essential compo-
nents. In scientific literature we find many reports on the
subject of classification attempts and distinction of food
products. Some of them, e.g. attempts on classifying of
honeys depending on botanical origin are very promising
the more so because up to now there are not any fast
and reliable methods for such determinations in industrial
practice (D’Arcy, Rintoul, Rowland, & Blackman, 1997;
Guyot, Bouseta, Scheirman, & Collin, 1998; Guyot, Scheir-
man, & Collin, 1999).

2.2. Application of secondary aroma profiles

Numerous volatile compounds originating during pro-
duction and processing of food may affect the health quality
both positively and negatively. The qualitative and quanti-
tative constitution of the originating composition depends
strongly on the conditions of conducting the process and
it is the result of a huge number of different, often not fully
examined, enzymatic, microbiologic and thermal processes
taking place in food (Janiček, Pokorný, & Davidek, 1977).

The determination of volatile substances can be thus
exploited for the control of technological processes, e.g. to
monitor the degree of oxidation of lipids in the production
of powdered milk (Ulberth & Roubicck, 1995), in process-
ing of vegetable oils (Stashenko, Puertas, Salgar, Delgado,
& Martinez, 2000) or production of cooked meats (Brunton,
Cronin, Monahan, & Durcan, 2000). Other example could
be the determination of primary and secondary volatile
products of saccharides and aminoacids conversions.
Among these, the reactions of non-enzymatic browning –
Maillard reactions – and the degradation of amino acids
according to the Strecker mechanism in thermally processed
food such as prunes and pumpkin seeds play the main roles
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(Sabarez, Price, & Korth, 2000; Siegmund & Murkovic,
2004). Monitoring of thermal degradation of sulphur com-
pounds – mainly aminoacids is an important indicator of
quality in thermally treated meats (Farkaš et al., 1997).
Likewise – changes taking place during thermal treatment
of milk (Contarini & Povolo, 2002) or fruit and vegetable
juices (Jia, Zhang, & Min, 1999; Servili, Selvaggini, Taticchi,
Begliomini, & Montedoro, 2000) can be monitored using
aroma profiles. In turn, determination of changes in the con-
tents of volatile components such as aldehydes, organic
acids and their esters, and alcohols in fermented beverages
with fermentation performed in different ways and under
various conditions can provide information important for
the improvement and optimisation of the process (Aposto-
lopoulou, Flouros, Demertzis, & Akrida-Demertzi, 2005;
Bardi, Koutinas, Psarianos, & Kanellaki, 1997; Cortés,
Gil, & Fernández, 2005; Ferreira et al., 1995; Hernández-
Gómez, Úbeda, & Briones, 2003; Hernández-Gómez,
Úbeda-Iranzo, Garcia-Romero, & Briones-Pérez, 2005;
Madrera, Gomis, & Alonso, 2003b; Maicas, Gil, Pardo, &
Ferrer, 1999; Mallouchos, Komaitis, Koutinas, & Kane-
llaki, 2002; Mallouchos, Komaitis, Koutinas, & Kanellaki,
2003a; Mateo, Jiménez, Pastor, & Huerta, 2001; Nonato,
Carazza, Silva, Carvalho, & Cardeal, 2001; Patel & Shibam-
oto, 2002; Spranger et al., 2004; Torrea, Fraile, Garde, &
Ancin, 2003; Tuszyński & Tarko, 2000; Valero, Moyano,
Millan, Medina, & Ortega, 2002).
Fig. 2. Monitoring of the aroma profiles changes in infant formula, depending
20 �C, stored under nitrogen, (b) 3 weeks, 37 �C, stored ungassed; 1 – 2-butan
heptanal, 7 – 2-hexenal, 8 – pentanol, 9 – octanal, 10 – 2-heptenal, 11 – nonanal
16 – 2,4-nonadienal (Reproduced from Fenaille et al., 2003).
An important indicator of quality are volatile substances
created during the storage of food. In the simplest case,
during storage volatile flavour compounds escape and the
gradual decay of flavour occurs. Most often, however,
new aromatic substances also come into being, along mech-
anisms similar to those active in food processing, as the
result of chemical or biochemical processes with the partic-
ipation of microbial enzymes. A group of compounds hav-
ing a positive effect on the organoleptic quality stands out
here, i.e. components of the bouquet originating as the
result of maturation of such articles as cheese and wines,
but above all components of the bouquet coming into
being in spoiled food – overdue, no more fresh and improp-
erly stored. In most cases they are secondary products of
lipid oxidation such as aldehydes, ketones, organic acids,
hydrocarbons, appearing in a broad range of food prod-
ucts: oils (Cavalli, Fernandez, Lizzani-Cuvelier, & Loiseau,
2004; Vichi et al., 2003), meat (Andrés, Cava, & Ruiz,
2002), fish (Triqui & Bouchriti, 2003), crisps (Sanches-
Silva, Lopez-Hernández, & Paseiro-Losada, 2005) or milk
powder (Fenaille, Visani, Fumeaux, Milo, & Guy, 2003)
(Fig. 2). Particularly disadvantageous, from the point of
view of health quality, is the generation of aldehydes
(Doleschall, Kemény, Recseg, & Kövári, 2001). Literature
often points to hexanal as a component being an indicator
of the degree of oxidation of food products. The relatively
high concentration of hexanal and the observed rise in its
on different storage conditions, by using HS-SPME/GC–MS; (a) 3 weeks,
one, 2 – pentanal, 3 – 2,3-pentanedione, 4 – hexanal, 5 – 2-pentenal, 6 –

, 12 – 2-octenal, 13 – 1-octen-3-ol, 14 – 2,4-heptadienal, 15 – benzaldehyde,
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concentration during storage as well as the low odour
threshold indicate its suitability as a marker. Determina-
tion of changes in the content of hexanal is usable mainly
in the evaluation of the quality of meat products (Andrés,
Cava, Ventanas, Muriel, & Ruiz, 2004; Brunton et al.,
2000; Carrasco, Tárrega, Ramirez, Mingoarranz, & Cava,
2005; Fernando, Berg, & Grün, 2003; Morcuende, Estévez,
Ruiz, & Cava, 2003; Nielsen, Sørensen, Skibsted, & Bertel-
sen, 1997; Wong, O’Reilly, & Pawliszyn, 2004), but for veg-
etable oils such as olive oil it has been suggested that rather
the determination of nonanal would be advisable, as in
products of that type the significant amount of hexanal
originates not only from chemical auto-oxidation of lipids
but also from the enzymatic ‘‘lipoxygenase pathway’’
(Vichi, Pizzale, Conte, Buxaderas, & López-Tamames,
2003).

In the course of a technological process or already dur-
ing storage, food products can be infected and mould and
putrefaction can take place. This causes, of course, signifi-
cant deterioration of the organoleptic quality and health
safety of food, which can be detected on the basis of
changes observed in aroma profiles (Lyew, Gariépy, Ragh-
avan, & Kushalappa, 2001; Marsili, 1999; Nakai et al.,
1999; Ogihara, Horimoto, Wang, Skura, & Nakai, 2000).
For instance, an indicator of the bacterial decay of fish giv-
ing the characteristic amine fishy odour is trimethylamine
originating from the naturally occurring decomposition
of trimethylamine oxide by bacterial enzymes (Triqui &
Bouchriti, 2003). The infection by undesired microorgan-
isms is also essential in forming the odour during fermenta-
tion processes – lactic and alcoholic fermentation. In
aroma profiles were identified many compounds, which
are indicators of microbiological infection of fermented
products (Wasiak, 2000). For example, in raw spirits, the
presence of an increased amount of butyl compounds,
chiefly isobutyl alcohol but also ethyl butyrate and isobutyl
propionate, may indicate infection by putrefactive bacteria
(Kłosowski, Czupryński, Kotarska, & Wolska, 2003).
Infection by acetic acid bacteria can lead to increased pro-
duction of ethyl acetate and propanol during alcoholic fer-
mentation and infection by lactic bacteria to increased
production of ethyl lactate (Apostolopoulou et al., 2005).

Other numerous examples of the suitability of using
aromagrams for the evaluation of food quality are pre-
sented in Table 1.

3. New trends in the determination of odorous substances in

food products

A classic approach to the evaluation of organoleptic
quality of food is based on the exploitation of sensoric
analysis, i.e. analysis employing the use of taste, flavour,
vision and touch senses, carried out by a group of properly
trained estimators. Sensoric analysis can be a perfect tool
in carrying out marketing tests of consumer preferences,
but because of great human participation, it contains many
limitations. Its basic shortcoming is low repeatability and
reproducibility of results connected to many subjective fac-
tors, such as sensoric susceptibility of the estimating per-
son, state of health, comfort, adaptation or fatigue, or
objective factors – conditions of carrying out the analysis.
The specific character of sensoric analysis lies in the fact
that it provides information on sensations perceived by
human senses in the effect of complex chemical stimuli,
and in this respect it is irreplaceable. Its great limitation,
however, is the lack of possibility of identifying the com-
pounds having an influence on aroma or flavour, including
also components harmful to health, as well as lack of pos-
sibility to perform a quantitative analysis.

Because of these deficiencies of sensoric analysis meth-
ods, a perfect complement in the evaluation of organoleptic
food quality is instrumental analysis. Appropriate instru-
mental techniques allow a detailed and complex qualitative
and quantitative analysis of volatile components, which
shape the flavour compositions of food products. The
information obtained permits the characterization of prod-
ucts with respect to their classifying and also disqualifying
features, such as harmfulness to health, falsification or
foulness of a product. Among the many proposals and
solutions provided, more and more applications are found
by techniques based on the creation and separation of aro-
matic profiles, ‘‘aromagrams’’ of a kind characteristic for a
given product (Fig. 3). In such an approach, the source of
information is provided not only by single compounds, but
also by mutual qualitative and quantitative relations taking
place between components of the volatile fraction of the
product. The comparison of profiles obtained from differ-
ent products can in turn lead to the separation of single
substances or groups of marker substances indicating dif-
ferences between products of different origin or differing
in quality. For example, the presence and condensation
level of hexanal in the volatile fraction of a product is an
indicator of the oxidation degree of lipid components and
it can indicate lower quality or even foulness of the food
product (Andrés et al., 2004; Brunton et al., 2000; Carrasco
et al., 2005; Fernando et al., 2003; Morcuende et al., 2003;
Nielsen et al., 1997; Sanchez-Silva, Quirós, López-Hernán-
dez, & Paseiro-Losada, 2004; Wong et al., 2004).

The techniques employed most often, allowing the crea-
tion and recognition of ‘‘aromagrams’’ are chromato-
graphic techniques, in particular gas chromatography and
so-called electronic noses.

3.1. Non-chromatographic techniques

Because they are easy to build and as they provide a
short time of analysis, ‘‘electronic noses’’ are becoming
more and more popular. These are circuits consisting of
appropriately chosen non-specific electronic gas sensors
of various affinity, built from such materials as metal oxi-
des, organic polymers and quartz crystals or lithium nio-
bate (Mielle, 1996). Similar to the human nose, the
‘‘artificial nose’’ recognizes rather a characteristic odour
than singular compounds. The physical or chemical inter-



Table 1
Applications of ‘‘aromagrams’’ in food quality assessment

Food product Analytes (major classes)/number of compounds
determined

Potentialities of practical use Techniques used References

Meat and fish products

Beef Volatile metabolites produced by Salmonellae Screening of bacterial contaminated food HS-SPME/GC-FID Ogihara et al. (2000)
Beef Volatile compounds Detection of vacuum-packed beef spoilage Electronic nose Blixt and Borch (1999)
Catfish Geosmine, isoborneol Assessment of fish organoleptic quality SD/HS-SPME/GC–MS Zhu et al. (1999)
Chicken meat Hexanal Detection of meat spoilage during storage HS-SPME/GC–MS Wong et al. (2004)
Cooked beef Selected aroma compounds (aldehydes, furanes,

ketones, nitrogen compounds, sulphur
compounds)/36

Identification of key-odorants for the aroma of
cooked meat

HS-SPME/GC–MS Machiels and Istasse
(2003)

Cooked pork Aroma compounds (alcohols, aldehydes, furanes,
hydrocarbons, ketones, nitrogen compounds,
sulphur compounds)/95

Characterization of the product HS-SPME/GC–MS Elmore et al. (2000)

Cooked turkey Hexanal, pentanal Monitoring of changes caused by lipid oxidation
taking place during thermal processing and
storage

HS-SPME/GC-FID Brunton et al. (2000)

Cured hams Aroma compounds (alcohols, aldehydes, furanes,
hydrocarbons, ketones, sulphur compounds)/87

Assessment and comparison of organoleptic
quality of hams cured by the use of various
methods

SDE and DHS/GC–MS Dirinck et al. (1997)

Dried meats ‘‘cecinas’’ Aroma compounds (acids, alcohols, aldehydes,
esters, furanes, hydrocarbons, ketones, nitrogen
compounds, phenols)/110

Characterization of products depending on animal
species

DHS/GC–MS Hierro et al. (2004)

Dry-cured ham Aroma compounds (acids, alcohols, aldehydes,
hydrocarbons, ketones, lactones, nitrogen
compounds, sulphur compounds)/107

Monitoring of aroma changes taking place during
ham ripening; identification of organoleptic
quality markers

SPME/GC–MS Andrés et al. (2002)

Dry-cured ham, canned
liver sausage

Aroma compounds (acids, alcohols, aldehydes,
hydrocarbons, ketones, terpenoids)/122

Organoleptic quality assessment HS-SPME and SPME/
GC–MS

Ruiz et al. (2001)

Dry-cured hams Aroma compounds (alcohols, aldehydes,
hydrocarbons, ketones)/30

Characterization of hams depending on their
geographical origin and animal breed type;
identification of markers indicating geographical
and breed diversification

HS-SPME/GC-FID and
GC–MS

Sánchez-Peña et al.
(2005)

Dry-cured hams Hexanal Monitoring of lipid oxidation state during ham
ripening depending on processing conditions

HS-SPME/GC–MS Andrés et al. (2004)

Dry-cured loin Aroma compounds (acids, alcohols, aldehydes,
esters, furanes, hydrocarbons, ketones, nitrogen
compounds, sulphur compounds, terpenoids)/133

Characterization of the product; investigation on
the influence of breed type of swines and their diet
on organoleptic properties of the product

HS-SPME/GC–MS Muriel et al. (2004)

Dry-cured loins Hexanal Monitoring of organoleptic quality changes of
vacuum-packed loins during storage depending on
the animal diet and conditions of irradiation

HS-SPME/GC–MS Carrasco et al. (2005)

Fish meat Aroma compounds derived from lipid
degradation (alcohols, aldehydes, ketones)/19

Organoleptic quality assessment DHS/GC–MS Refsgaard et al. (1999)

Hamburger, salmon Volatile metabolites produced by E. coli and S.
aureus

Detection of contamination of food with bacteria DHS/GC-FID Nakai et al. (1999)

Pork Hexanal Monitoring of lipid oxidation state in raw and
thermal processed meat during storage

HS-SPME/GC-FID and
GC–MS

Nielsen et al. (1997)

HS-SPME/GC–MS Morcuende et al. (2003),
Fernando et al. (2003)HS-SPME/GC-FID

Pressure-cooked hen
meat

Aroma compounds (sulphur compounds)/27 Identification of key-odorants for the aroma of
cooked meat

SDE and SE/GC-FID,
GC-O and GC–MS

Farkaš et al. (1997)

(continued on next page)
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Table 1 (continued)

Food product Analytes (major classes)/number of compounds
determined

Potentialities of practical use Techniques used References

Sardine Undesired odour compounds formed during
storage (aldehydes, ketones)/24

Determination of fish freshness; identification of
markers indicating state of fish freshness

SE and HS-SPME/GC-
FID and GC-O

Triqui and Bouchriti
(2003)

Sausages Aroma compounds (acids, alcohols, aldehydes,
esters, hydrocarbons, ketones)/90

Characterization of the product HS-SPME/GC–MS Marco et al. (2004)

Smoked hams Nitrosoamines Determination of nitrosoamines in hams SD/HS-SPME/GC-TEA
and GC–MS

Sen et al. (1997)

Swine fat Volatile compounds Assessment of meat organoleptic quality
depending on animal diet

Electronic nose González-Martin et al.
(2000)

Fruits

Apples Selected aroma compounds (alcohols, esters)/19 Investigation on the influence of cultivation
conditions on fruit quality

SE/GC-FID Mpelasoka and
Behboudian (2002)

Apples Selected aroma compounds (esters)/29 Fast screening of fruits and vegetables quality HS-SPME/GC–MS and
DHS/GC-FID

Song et al. (1997)

Apples Aroma compounds (alcohols, aldehydes, esters,
hydrocarbons)/43

Investigation on the influence of crop time and
storage conditions on fruit quality

SE/GC-FID and GC–
MS

Girard and Lau (1995)

Apples Selected aroma compounds (alcohols, aldehydes,
esters)/25

Monitoring of changes in volatiles production
depending on storage conditions

DHS/GC–MS Argenta et al. (2004)

Apples Selected aroma compounds (esters, terpenoids)/21 Comparison of quality of normal and scald-
developing apples

HS-SPME/GC–MS Paliyath et al. (1997)

Apples Aroma compounds (alcohols, aldehydes, esters)/
39

Investigation on the influence of 1-
methylcyclopropen on volatiles production and
fruit aroma during storage

HS-SPME/GC–MS Lurie et al. (2002)

Bananas Selected aroma compounds/15 Monitoring of aroma changes during storage
(ripening) and drying, differentiation depending
on geographical origin; identification of quality
markers

HS-SPME/GC-FID,
GC–MS and GC-O

Boudhrioua et al. (2003)

Cashew nuts Hydrocarbons derived from lipid radiolysis Identification of irradiated cashew nuts SE/pLC/pTLC and
SFE/GC–MS

Bhattacharjee et al.
(2003)

Figs Aroma compounds (alcohols, aldehydes, esters,
hydrocarbons, terpenoids)/99

Characterization of the aroma of different figs
varieties

DHS/GC-FID and GC–
MS

Grison-Pigé et al. (2002)

Fruits (raspberries,
strawberries,
blackberries, banana,
mango)

Natural aroma compounds and compounds
formed during storage and processing (alcohols,
esters, terpenoids)

Characterization and analysis of aroma changes
during storage and processing of fruits

HS-SPME/GC-FID and
GC–MS

Ibáñez et al. (1998)

Peaches, nectarines Selected aroma compounds (alcohols, esters,
lactones)/18

Assessment of fruit maturity, optimization of
harvest date

DHS/GC-FID and GC–
MS

Lavilla et al. (2002)

Peanuts Selected aroma compounds /9 Investigation on the influence of water activity
during storage of peanuts on their aroma changes

HS-SPME/GC-FID Reed et al. (2002)

Pears Volatile compounds/7 Studies on the differences of fruit aroma
depending on storage conditions and maturity
stage

Electronic nose and HS/
GC-FID and GC–MS

Oshita et al. (2000)

Prunes Selected volatile compounds derived from thermal
degradation of carbohydrates taking place during
Maillard reactions and caramelisation/9

Monitoring of quality changes during drying;
identification of quality markers

HS-SPME/GC–MS Sabarez et al. (2000)

850
B

.
P

lu
to

w
sk

a
,

W
.

W
a

rd
en

ck
i

/
F

o
o

d
C

h
em

istry
1

0
1

(
2

0
0

7
)

8
4

5
–

8
7

2



Strawberries Selected aroma compounds (aldehydes, esters)/22 Classification of strawberries depending on
maturity stage and their variety

HS-SPME/GC/GC-FID Williams et al. (2005)

Tropical fruits
(cupuassu, cajá,
siriguela, graviola)

Aroma compounds (alcohols, esters, terpenoids) Characterization of fruits aromas HS-SP /GC–MS Augusto et al. (2000)

Vegetables

Allium hybrids Sulphur aroma compounds Comparison of hybrids and mother plants and
characterization of their aromas

HS-SP /GC-FID and
GC–M

Keusgen et al. (2002)

Fresh chilli Selected aroma compounds/6 Studies on the differences of chilli aroma
depending on maturity stage

HS-SP /GC–MS Mazida et al. (2005)

Iceberg lettuce Undesired compounds formed during
fermentation (alcohols, esters)/19

Monitoring of quality changes during storage
depending on packaging conditions

HS-SP /GC–MS Smyth et al. (1998)

Onion Sulphur aroma compounds Characterization of the product SE and S-SPME/GC–
MS

Arnault et al. (2000)

Potatoes Volatile metabolites produced by pathogenic
microorganisms

Detection of microbial infection of potatoes
during storage

DHS/G -FID Lyew et al. (2001)

Pumpkin seeds Volatile compounds derived from thermal
degradation (alcohols, aldehydes, furanes,
ketones, nitrogen compounds)/34

Monitoring of chemical changes during roasting
of seeds

HS-SP /GC–MS Siegmund and Murkovic
(2004)

Red paprika Aroma compounds (alcohols, aldehydes, benzene
derivatives, esters, hydrocarbons, ketones,
naphtalene derivatives, nitrogen compounds,
sulphur compounds, terpenes)/184

Identification of differences of sweet and pungent
paprika aromas

SDE/G MS Kocsis et al. (2002)

Rehydrated vegetables
(beans, bell peppers,
leeks)

Aroma compounds (aldehydes, ketones, sulphur
compounds)/28

Assessment of sensory properties of rehydrated
vegetables

DHS/G -FID, GC-O
and G S

Ruth et al. (1995)

Tomatoes Volatile compounds/10 Monitoring of aroma changes during storage and
classification depending on tomato variety

Electro nose, HS-
SPME C–MS

Berna et al. (2004)

Oils

Olive oil n-alkanes Detection of adulteration with vegetable oils pLC/G FID Webster et al. (2000)
Olive oil Volatile compounds Detection of adulteration with vegetable oils Electro nose Oliveros et al. (2002)

HS/MS Lorenzo et al. (2002)
Olive oil Volatile impurities (benzene, ethylbenzene,

styrene, toluene, xylenes)
Detection of volatile impurities in oils HS/MS Peña et al. (2004)

Olive oil Aroma compounds (alcohols, aldehydes, esters,
ketones)/50

Characterization of the product DHS a HS-SPME/
GC-FI and GC–MS

Kanavouras et al. (2005)

Olive oil Aroma compounds (alcohols, aldehydes,
hydrocarbons, terpenoids)/22

Characterization of the product TD/GC S Zunin et al. (2004)

Olive oil Aroma compounds (alcohols, aldehydes, esters,
hydrocarbons, ketones, terpenoids)/102

Characterization of the product HS-SP /GC-FID and
GC–M

Vichi et al. (2003)

Olive oil Selected aroma compounds (alcohols, aldehydes,
esters, hydrocarbons, ketones)/50

Assessment of the health quality of olive oil
depending on producing; optimization of
producing conditions

HS-SP /GC–MS Servili et al. (2003)

Olive oil Aroma compounds/15 Investigation on the aroma profile changes
depending on olive variety and technological
process conditions

HS-SP /GC-FID and
GC–M

Tura et al. (2004)

Olive oil Compounds derived from lipid degradation
(alcohols, aldehydes, furanes, hydrocarbons,
terpenoids)

Monitoring of rancidity state of olive oils during
storage; identification of quality markers

HS-SP /GC-FID and
GC–M

Vichi et al. (2003),
Cavalli et al. (2004)

(continued on next page)
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Table 1 (continued)

Food product Analytes (major classes)/number of compounds
determined

Potentialities of practical use Techniques used References

Olive oil Volatile aldehydes derived from lipid oxidation Differentiation of olive oils made of raw materials
of proper or improper quality

HS-SPME/GC-FID Jimenéz et al. (2004)

Sunflower oil Volatile aldehydes derived from lipid oxidation Monitoring of changes in sensory characteristic of
oils during refining and storage; identification of
markers indicating oxidation state of oils

HS and HS-SPME/GC-
FID

Doleschall et al. (2001)

Sunflower oil Volatile aldehydes derived from lipid oxidation Monitoring of changes in sensory characteristic of
oils during thermal processing

HS-SPME/GC-ECD Stashenko et al. (2000)

Vegetable oils Volatile compounds Classification of vegetable oils Electronic nose Martin et al. (1999),
Martin et al. (2001)

Vegetable oils Volatile impurities (benzene, ethylbenzene,
halogenated derivatives, styrene, toluene,
xylenes)/37

Detection of volatile impurities in oils HS-SPME/GC–MS Page and Lacroix (2000)

Vegetable oils Aroma compounds (acids, alcohols, aldehydes)/30 Classification of oils depending on their origin and
rancidity state

Electronic nose and HS-
SPME/GC–MS

Biswas et al. (2004)

Vegetable oils Aroma compounds (alcohols, aldehydes,
hydrocarbons)/60

Classification of oils depending on their origin and
rancidity state

HS-SPME/GC-FID and
GC–MS

Mildner-Szkudlarz et al.
(2003)

Dairy products

Butter Aroma compounds (acids, alcohols, aldehydes,
esters, ketones)/48

Monitoring of organoleptic quality during storage
in different temperatures

DHS and HS-SPME/
GC–MS

Povolo and Contarini
(2003)

Camembert-type cheeses Bouquet components (acids, alcohols, chlorine
compounds, esters, hydrocarbons, ketones,
sulphur compounds)/70

Fast assessment of cheeses quality HS-SPME/MS and HS-
SPME/GC–MS

Pérès et al. (2001)

Camembert-type cheeses Bouquet components (acids, alcohols, aldehydes,
chlorine compounds, esters, hydrocarbons,
ketones, sulphur compounds, terpenoids)/96

Fast assessment of cheeses quality DHS/MS and DHS/
GC–MS

Pérès et al. (2002)

Camembert-type cheeses Bouquet components/12 Fast assessment of cheeses quality HS/MS and HS/GC–MS Pérès et al. (2002)
Cheeses Bouquet components (acids, benzene derivatives,

esters, furanes, ketones, lactones, nitrogen
compounds, sulphur compounds, terpenoids)/73

Characterization of various types of cheeses,
identification key-odorants for their aroma

HS-SPME/GC-O, GC-
FID and GC–MS

Frank et al. (2004)

Cheeses Bouquet components (acids, ketones, lactones)/27 Characterization and classification of cheeses
depending on their type and origin

SDE/GC–MS Dirinck and Winne
(1999)

Emmental-type cheeses Bouquet components produced by
Propionibacterium (acids, alcohols, aldehydes,
esters, ketones)/74

Investigation on the influence of Propionibacterium

on organoleptic quality of cheese
DHS/GC–MS and SE/
GC-FID

Thierry et al. (2004)

Feta-type cheese Bouquet components (alcohols, aldehydes, esters,
hydrocarbons, ketones)/54

Studies on the influence of various bacterial
cultures and yeast strains on cheese aroma

DHS/GC–MS Bintsis and Robinson
(2004)

Infant formula Volatile compounds derived from lipid oxidation/
16

Early detection of lipid oxidation in milk powder
during storage; identification of markers
indicating oxidation state of the product

HS/MS and HS-SPME/
GC–MS

Fenaille et al. (2003)

Milk Aroma compounds formed during thermal
processing (aldehydes, ketones)/11

Classification of milk depending on type of heat
treatment used; identification markers indicating
type of heat treatment used

DHS/GC-FID and HS-
SPME/GC–MS

Contarini and Povolo
(2002)

Milk Aroma compounds Differentiating of milks of proper or improper
quality caused by various factors (light or
temperature activity, presence of copper, bacterial
contamination)

HS-SPME/MS Marsili (1999)
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Milk powder Aldehydes derived from lipid oxidation Monitoring of flavor defects caused by lipid
oxidation

SD/HS/GC-FID and
GC–MS

Ulberth and Roubicck
(1995)

Parmezan-type cheeses Bouquet components (acids, alcohols, aldehydes,
esters, ketones) /35

Differentiating of products depending on their
producer, geographical origin and time of ripening

DHS and HS-SPME/
GC–MS

Bellesia et al. (2003)

Sheep cheese Volatile metabolites produced by microorganisms
(acids, alcohols, esters, ketones)/31

Characterization of bouquet depending on
composition of microorganisms used in cheese
production

HS-SPME/GC-FID Dahl et al. (2000)

Whey protein
concentrate

Aroma compounds (acids, aldehydes,
hydrocarbons, ketones)/43

Assessment of organoleptic quality of concentrate
before using in food production

HS-SPME/GC–MS Quach et al. (1999)

Juices

Apple juice Selected aroma compounds (alcohols, aldehydes,
esters)/20

Assessment of the quality of juices depending on
storage conditions of fruit

HS and LLE/GC-FID Dixon and Hewett
(2001)

Apple juice Volatile metabolites produced by microorganisms
/16

Assessment of microbiological quality of juices HS-SPME/GC–MS Zierler et al. (2004)

Orange juice Selected volatile compounds (alcohols, aldehydes,
esters, terpenoids)/25

Differentiating of juices depending on kind of
treatment (pasteurization, reconstitution from the
concentrate)

Electronic nose and HS/
GC-FID

Shaw et al. (2000)

Orange juice Selected aroma compounds/8 Studies on aroma changes depending on method
of treatment and processing conditions

HS-SPME/GC-FID Jia et al. (1999)

Orange juice Volatile compounds Differentiating of juices depending on
geographical origin of fruit

Electronic nose Steine et al. (2001)

Orange juice Selected aroma compounds/17 Characterization of the product HS-SPME/GC-FID Steffen and Pawliszyn
(1996)

Tomato juice Aroma compounds (acids, alcohols, aldehydes,
esters, ethers, furanes, hydrocarbons, ketones,
phenols, sulphur compounds, terpenoids)/119

Optimization of thermal treatment parameters HS-SPME/GC–MS Servili et al. (2000)

Alcoholic beverages

‘‘Fino’’ wine Bouquet components (acids, alcohols, esters)/34 Characterization of the product LLCE and HS-SPME/
GC-FID and GC–MS

Castro et al. (2004)

‘‘Muoro’’ spirits Bouquet components (acids, alcohols, esters)/28 Characterization of the product DI and LLE/GC-FID Soufleros et al. (2004)
Alcoholic beverages Organic acids Characterization of the product SPE/HPLC-FD Nascimento et al. (2000)
Alcoholic beverages Volatile carbonyl compounds Characterization and assessment of alcoholic

beverages quality
HS-SPME/GC-ECD Wardencki et al. (2003)

Beer Sulphur compounds Determination of volatile and semi volatile
sulphur compounds in beer

HS-SPME/GC-FPD Hill and Smith (2000)

Beer Selected bouquet compounds (acids, alcohols,
esters)/19

Characterization of the product HS-SPME/GC-FID and
GC–MS

Liu et al. (2005)

Beer Selected alcohols and fatty acids esters/11 Characterization of the product HS and HS-SPME/GC-
FID

Jeleń et al. (1998)

Brandy, whisky Organic acids Classification of alcoholic beverages SPE/GC-FID and GC–
MS

Park et al. (1999)

Calvados, cognac Bouquet components (acids, alcohols, aldehydes,
benzene derivatives, esters, furanes, phenols,
sulphur compounds, terpenoids)/331

Characterization and classification of alcoholic
beverages

LLE, pGC and pLC/
GC–MS

Ledauphin et al. (2004)

Champagne Selected bouquet components/14 Studies on aroma changes caused by
photodegradation

HS-SPME/GC–MS D’Auria et al. (2003)

Cider brandy Furanes, phenols Investigation on the influence of technological
process conditions on forming furanes and
phenols

DI/HPLC-DAD Madrera et al. (2003b)

(continued on next page)
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Table 1 (continued)

Food product Analytes (major classes)/number of compounds
determined

Potentialities of practical use Techniques used References

Cider brandy Selected aroma compounds (acids, alcohols,
aldehydes, esters)/32

Investigation on the influence of technological
process conditions on bouquet of alcoholic
beverages

DI and ME/GC-FID
and GC–MS

Madrera et al. (2003b)

Cognac Bouquet components (acids, alcohols, esters,
terpenoids)/150

Identification of key-odorants for aroma of
alcoholic beverages

DI and LLE/GC-O, GC-
FID and GC–MS

Ferrari et al. (2004)

Cognac, whisky Organic acids, phenols Assessment of age and maturity stage of alcoholic
beverages

SPE/GC–MS Ng et al. (2000)

Grape marcs
‘‘Bagaceira’’

Selected aroma compounds (acids, alcohols,
esters)/33

Characterization of the product DI and LLE/GC-FID Silva et al. (1996)

Grape spirits Volatile organic acids Investigation of the influence of time of ripening
and refining on organoleptic quality of alcoholic
beverages

SPE/GC-FID Diéguez et al. (2002)

Grape spirits ‘‘Orujo’’ Aroma compounds (alcohols, aldehydes, esters)/
31

Comparison of bouquets of alcoholic beverages
from industrial and homemade sources

DI/GC-FID and GC–
MS

Cortés et al. (2005)

Grape spirits ‘‘Orujo’’ Selected aroma compounds (norizoprenoids,
terpenes)

Classification of alcoholic beverages depending on
grape variety, identification characteristic
compounds for the given class

SPE/GC-FID and GC–
MS

Diéguez et al. (2003)

Grape spirits
‘‘Tsipouro’’

Selected bouquet compounds/10 Comparison of bouquets of alcoholic beverages
from industrial and homemade sources

DI and LLE/GC-FID
and GC–MS

Apostolopoulou et al.
(2005)

Grape wine Volatile compounds derived from fermentation
(acids, alcohols, esters)/28

Monitoring and comparison of wine fermentation
processes depending on temperature of the process
and use of immobilized or free yeast cell systems

LLE/GC–MS Mallouchos et al.
(2003a)

Grape wine Volatile metabolites produced by Saccharomyces

Cerevisiae/13
Monitoring of volatiles production during
fermentation conducted with the use of yeast
immobilized on grape skins

HS-SPME/GC-FID and
GC–MS

Mallouchos et al.
(2003a)

Grape wine Bouquet components (acids, alcohols, esters)/33 Characterization of the product HS-SPME/GC-FID and
GC–MS

Baptista et al. (2001)

Grape wine Volatile compounds Differentiation of various sorts of wine Electronic nose Penza and Cassano
(2004a, 2004b)
Guadarrama et al.
(2000)
Guadarrama et al.
(2001)

Grape wine Bouquet components (alcohols, esters)/35 Differentiation of various sorts of wine HS-SPME/GC–MS Marengo et al. (2001)
Grape wine Bouquet components (acids, alcohols, esters)/23 Characterization and differentiation of various

sorts of wine
Electronic nose and
LLE/GC-FID and GC–
MS

Santos et al. (2004)

Grape wine Fatty acids ethyl esters, acetic acid esters Monitoring of changes in esters production during
wine fermentation

HS-SPME/GC–MS Vianna and Ebeler
(2001)

Grape wine Selected volatile compounds derived from
fermentation/11

Studies on of spontaneous fermentation products
in different musts and their influence on wine
bouquet

DI/GC-FID Clemente-Jimenez et al.
(2004)

Grape wine Selected higher alcohols and fatty acid esters/34 Investigation on the influence of must aeration
before fermentation on production and
composition of fusel oils and esters

LLCE/GC-FID Valero et al. (2002)

Grape wine Selected higher alcohols and fatty acid esters /12 Investigation on the influence of nitrogen contents
in must on production and composition of fusel
oils and esters depending on yeast strain

DI and LLE/GC-FID Torrea et al. (2003)
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Grape wine Volatile compounds Detection of wine adulteration with methanol,
ethanol and other wines

Electronic nose Penza and Cassano
(2004a, 2004b)

Grape wine Volatile metabolites produced by Saccharomyces

Cerevisiae/13
Monitoring and comparison of volatiles
production during fermentation conducted with
the use of immobilized or free yeast cell systems

HS-SPME/GC-FID and
GC–MS

Mallouchos et al. (2002)

Grape wine Volatile metabolites produced by different strains
of Saccharomyces Cerevisiae (acids, alcohols,
esters)/53

Studies on differences in wine bouquets depending
on yeast strain used

pLC/GC-FID and GC–
MS

Patel and Shibamoto
(2002)

Grape wine Volatile metabolites produced by different strains
of Saccharomyces Cerevisiae (acids, alcohols,
esters)/30

Studies on differences in wine bouquets depending
on yeast strain used

LLCE/GC-FID and
GC–MS

Mateo et al. (2001)

Grape wine ‘‘Ruché’’ Bouquet components (terpenoids)/59 Characterization of the product, studies on
mechanisms of aroma components forming during
fermentation

LLE and HS-SPME/
GC–MS

Bonino et al. (2003)

Lemon liquors
‘‘Limoncello’’

Selected aroma compounds (terpenoids)/31 Identification of key-odorants for assessment of
the quality of alcoholic beverages

LLE/GC-FID and GC–
MS

Versari et al. (2003)

Melon fruit spirits Selected bouquet compounds/10 Studies on bouquet composition depending on
fermentation conditions and distillation method

DI/GC-FID Hernández-Gómez et al.
(2003)

Melon fruit spirits Bouquet compounds (acids, alcohols, aldehydes,
esters)/58

Studies on bouquet composition depending on
fermentation conditions and distillation method

DI/GC-FID and GC–
MS

Hernández-Gómez et al.
(2005)

Orange spirits Bouquet components (alcohols, aldehydes, esters,
terpenoids)/40

Characterization of the product DI and HS-SPME/GC-
FID and GC–MS

Porto et al. (2003)

Red grape wine Bouquet components (acids, alcohols, esters,
lactones, phenols, sulphur compounds,
terpenoids)/69

Differentiating of wines of the same sort but
derived from different vineyards

SPE/GC-FID, GC-O
and GC–MS

Ferreira et al. (2001)

Red grape wine Volatile compounds derived from fermentation
(acids, alcohols, esters)/30

Investigation on the influence of lactic bacteria
addition during fermentation on wine bouquet

LLCE/GC-FID and
GC–MS

Maicas et al. (1999)

Red grape wine Bouquet components (acids, alcohols, esters,
terpenoids)/75

Characterization and classification of bouquet of
wines produced from different grape varieties

SPE/GC-FID and GC–
MS

Boido et al. (2003)

Red grape wine Bouquet components Classification of bouquet of wines produced from
different grape varieties

Electronic tongue Legin et al. (2003)

Red grape wine Bouquet components (alcohols, esters)/15 Differentiation of wines depending on production
technology used

LLE/GC-FID and GC–
MS

Spranger et al. (2004)

Red wine Chloroanisoles Determination of contents of chloroanisoles
originated from cork taint, studies on their
influence on aroma

HS-SPME/GC-ECD Martinez-Uruñuela et al.
(2004)

Rum Fatty acids ethyl esters Characterization of the product HS-SPME/GC-FID Pino et al. (2002)
Sugar cane

spirits ‘‘Cachaça’’
Bouquet components (acids, alcohols, esters,
hydrocarbons, terpenoids)/38

Comparison of bouquets of wines from industrial
and homemade sources

HS-SPME and LLE/
GC-FID and GC–MS

Nonato et al. (2001)

Tequila Bouquet components (esters)/21 Differentiation of different brands of tequila HS-SPME and SPME/
GC-FID and GC–MS

Vallejo-Cordoba et al.
(2004)

Whisky Bouquet components (esters)/44 Characterization of the product SPME, HS-SPME and
SBSE/GC–MS

Demyttenaere et al.
(2003)

White grape wine Bouquet components (acids, alcohols, furanes,
ketones, terpenoids)/59

Characterization and classification of wines
depending on bouquet composition differences

LLCE/GC–MS Rocha et al. (2000)

White grape wine Bouquet components (acids, esters, phenols,
sulphur compounds, terpenoids)/38

Characterization and classification of wines
depending on bouquet composition differences

LLE/GC-FID, GC-FPD
and GC–MS

Falqué et al. (2002)

(continued on next page)
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Table 1 (continued)

Food product Analytes (major classes)/number of compounds
determined

Potentialities of practical use Techniques used References

White grape wine Bouquet components (acids, alcohols, esters,
terpenoids)/33

Characterization and classification of wines
depending on bouquet composition differences

SPME and HS-SPME/
GC–MS

Demyttenaere et al.
(2003)

White grape wine Bouquet components (acids, alcohols, esters,
furanes, phenols, sulphur compounds,
terpenoids)/44

Characterization of the product LLE, LLE/pLC and HS/
GC–MS

Guth (1997)

White grape wine Selected hexacarbonic bouquet components
(alcohols, aldehydes)

Investigation on the influence of production
conditions on C6 aldehydes and alcohols contents

SD/GC-FID Ferreira et al. (1995)

White wine Fatty acids esters Determination of esters in wines HS-SPME/GC-FID Rodriguez-Bencomo
et al. (2002)

Wine Volatile phenols Determination of volatile phenols in wines HS-SPME/GC-FID and
GC–MS

Mejias et al. (2003)

Wine 3-alkyl-2-metoxypyrazines Determination of 3-alkyl-2-metoxypyrazines in
wines

HS-SPME/GC-NPD Sala et al. (2000);

Sala et al. (2002)
Wine Bouquet components (acids, alcohols, esters,

furanes, ketones, phenols, sulphur compounds)/47
Characterization of the product SPE, ME and SPE/pLC/

GC-FID, GC-O and
GC–MS

Ferreira et al. (2002)

Wine Terpenoids Classification of different sorts of wines HS-SPME and SPME/
GC–MS

Garcia et al. (1998)

Wine Volatile compounds derived from fermentation/6 Monitoring and comparison of fermentation
depending on temperature of the process and use
of immobilized or free yeast cell systems

DI/GC Bardi et al. (1997)

Wine Sulphur compounds Assessment of organoleptic quality of wines HS-SPME/GC-FPD Mestres et al. (1998)
Wine Volatile compounds Characterization and classification of wines PTR-MS Boscaini et al. (2004)
Wine Selected volatile compounds derived from

fermentation /6
Comparison of fermentation and spoiling
processes of grape and fruit wines

DI/GC-FID Polychroniadou et al.
(2003)

Others

Alcohol-free beer Selected aroma compounds/3 Studies on aroma changes in alcohol-free beer
depending on fermentation conditions

HS/GC-FID Iersel et al. (1999)

Black tea Aroma compounds (alcohols, aldehydes,
terpenoids)/26

Differentiation of different sorts of tea depending
on their origin

SDE/GC–MS Borse et al. (2002)

Coffee Selected volatile compounds/8 Classification of different sorts of coffee Electronic nose, HS-
SPME/GC-FID and
GC–MS

Freitas et al. (2001)

Coffee Selected aroma compounds (furanes, nitrogen
compounds)/44

Characterization of the product HS-SPME/GC/GC–MS Ryan et al. (2004)

Coffee, fruit juice,
vegetable oil

Aroma compounds Characterization of the products SPME, HS-SPME, HS
and LLE/GC-FID and
GC–MS

Yang and Peppard
(1994)

Eucalyptus honeys Aroma compounds (benzene derivatives,
hydrocarbons, terpenoids)/91

Honey authenticity testing; identification of
markers confirming authenticity of honeys

SE/GC-FID and GC–
MS

D’Arcy et al. (1997)
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Honeys Aroma compounds (acids, alcohols, aldehydes,
furanes, hydrocarbons, ketones, terpenoids)/86

Differentiation of honeys depending on botanical
and geographical origin; identification of markers
confirming authenticity of honeys

HS-SPME/GC–MS Soria et al. (2004)

Honeys Aroma compounds (alcohols, aldehydes, esters,
furanes, ketones, terpenoids)/110

Differentiation of honeys depending on botanical
and geographical origin; identification of markers
confirming authenticity of honeys

DHS/GC–MS Radovic et al. (2001)

Honeys Aroma compounds (acids, alcohols, aldehydes)/48 Differentiation of honeys depending on botanical
origin; identification of markers confirming
authenticity of honeys

SDE/GC-FID and GC–
MS

Guyot et al. (1999)

Honeys Aroma compounds(acids, alcohols, aldehydes,
furanes, hydrocarbons, nitrogen compounds,
phenols, terpenoids)/72

Honey authenticity testing; identification of
markers confirming authenticity of honeys

SDE/GC-FID and GC–
MS

Guyot et al. (1998)

Liquor ‘‘Cupuassu’’ Aroma compounds (alkylpyrazines)/21 Characterization of the product, determination of
pyrazine derivatives

HS-SPME/GC-AED
and GC–MS

Oliveira et al. (2004)

Mint products (candies,
tea, drops, chewing
gum)

Menthol and menthone Determination of menthol and menthone contents HS-SPME/GC-FID Ligor and Buszewski
(1999)

Mustard paste Aroma compounds/16 Characterization of different sorts of mustard
paste

SDE and HS-SPME/
GC–MS

Cai et al. (2001)

Potato crisps Hexanal Monitoring of rancidity state HS-SPME/GC–MS, SE/
HPLC-UV and HPLC-
MS

Sanchez-Silva et al.
(2004)

Potato crisps Volatile compounds derived from lipid and
carbohydrates degradation (acids, alcohols,
aldehydes, ketones)/37

Monitoring of aroma changes during storage HS-SPME/GC–MS Sanches-Silva et al.
(2005)

Soymilk Selected aroma compounds/3 Monitoring of organoleptic quality of the product SPE/GC-FID Wang et al. (1998)
Tea Aroma compounds (acids, alcohols, aldehydes,

esters, nitrogen compounds, terpenoids)/77
Classification of different sorts of tea SDE/GC-FID and GC–

MS
Togari et al. (1995)

Tomato sauce Volatile components characteristic for products
containing raw or processed garlic

Controlling of type and contents of garlic
fragrances in sauces

HS and HS-SPME/GC–
MS and HS/MS

Dittmann et al. (2000)

Vegetable oils, fruit
juices, tomato sauces

Volatile compounds Classification of the products Electronic nose Penza et al. (2001)

Wheat bread Aroma compounds formed during thermal
processing (acids, aldehydes, ketones, nitrogen
compounds, sulphur compounds)/51

Identification of key-odorants for toast aroma SE/pLC/GC-FID, GC-
O and GC–MS

Rychlik and Grosch
(1996)

Abbreviations: O – olfactometric analysis detector, SDE – simultaneous distillation and solvent extraction, SD – steam-distillation, PTR – proton transfer reaction, MS – mass spectrometry, GC – gas
chromatography, SPME – solid phase microextraction, HS – headspace, DHS – dynamic headspace, SPE – solid phase extraction, HPLC - high performance liquid chromatography, SFE – supercritical
fluid extraction, SD – steam distillation, TEA – thermal energy analysis, FID – flame ionization detector, LLE – liquid–liquid extraction, LLCE – liquid–liquid continuous extraction, pLC – preparative
liquid chromatography, pTLC-preparative thin layer chromatography, pGC – preparative gas chromatography, ECD – electron capture detector, FD – fluorescence detector, DI – direct injection,
DAD – photodiode array detector, ME – microextraction, UV – UV detector, FPD - flame photometric detector, AED – atomic emission detector, SBSE – stir bar sorptive extraction, NPD – nitrogen–
phosphorus detector, SE – solvent extraction, TD – thermal desorption, RI – refractometric detector.
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Fig. 3. Typical ‘‘aromagrams’’ of different olive oils by using electronic nose (upper) and GC–MS technique (lower): (a) olive oil ‘‘extravirgin’’, (b) olive oil
‘‘sansa’’, (c) olive oil ‘‘Capitanata’’ (Reproduced from Penza et al., 2001).

858 B. Plutowska, W. Wardencki / Food Chemistry 101 (2007) 845–872
action of volatile compounds with the sensor matrix leads
to the conversion into an electrical signal. The response
of the circuit versus time creates an aromatic profile of
the sample’s odour. Required information on the product
can be extracted from the obtained profile by using proper
chemometric methods. The sensors responses can also be
correlated with data obtained from organoleptic analysis
through connection with an artificial neuron network
(Wilkes et al., 2000). In spite of the potentially high sensi-
tivity of sensors, the detection limits achieved in practice
usually reach tenths of ppm. This decrease of the sensitivity
of the circuit, with respect to the theoretically high sensitiv-
ity of sensors, results mainly from limitations of headspace
generation techniques (Mielle & Marquis, 1999). The sensi-
tivity of bulk-acoustic wave (BAW) and surface-acoustic
wave (SAW) sensors is limited by the noise level at the high
operating frequencies of the circuit. In sensor circuits of
metal-oxide semiconductor and polymer conductor sensors
in turn, a significant drift of the baseline is observed with
time and temperature changes (Mielle, 1996). Oxide sen-
sors, commercially available and relatively inexpensive,
have low selectivity and like polymer sensors they are sus-
ceptible to contamination due to irreversible adsorption of
some odour components (such as sulphur compounds and
weak acids) on the sensor surface (Mielle, 1996; Wilkes
et al., 2000). This can be the cause of devastation of the
sensor and require its replacement and renewed calibration
of the equipment. The main limitation of the use of ‘‘elec-
tronic noses’’ is their high sensitivity to such matrix compo-
nents like ethanol, carbon dioxide and water vapour
(Mielle, 1996). For this reason, the analysis of alcoholic
and carbonated beverages may require an additional stage
of removing these components from the sample. In spite of
some inconveniences, ‘‘electronic noses’’ are used with
great success, mainly for quick classification and differenti-
ation of food products without the need (but also the pos-
sibility) of determining the chemical composition of the
gaseous phase.

An essential aim for creating aromagrams is the identi-
fication of marker substances, indicating the occurrence
of quality features sought for in the tested product. At this
stage, an excellent tool is provided by chromatographic
analysis, which permits the separation and identification
of individual aromatic substances. However, if a compo-
nent or components, which best describe the quality of a
product, are known, it is possible to by-pass the time-con-
suming stage of chromatographic separation and to reduce
the duration of the whole analysis considerably through the
use of the headspace direct mass spectrometry (Dittmann,
Zimmermann, Engelen, Jany, & Nitz, 2000; Fenaille
et al., 2003; Lorenzo et al., 2002; Marsili, 1999; Peña, Cárd-
enas, Gallego, & Valcárcel, 2004; Pérès, Begnaud, & Berd-
agué, 2002; Pérès, Denoyer, Tournayre, & Berdagué, 2002).
This relatively new approach to the analysis of odours
leads to an aromatic profile of the whole, undivided into
singular components, of the gaseous phase of the product.
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A quantitative evaluation of selected fragmentary ions spe-
cific for a known marker substance, in connection with che-
mometric analysis of data, provides the desired results. On
this basis, a method of monitoring the amount of garlic
aroma in tomato sauces and simultaneous discerning of
the type of food additive has been successfully elaborated
(Dittmann et al., 2000). On the basis of the mass spectrum
of the total ion current, the main odour components
responsible for the aroma of garlic (i.e. allyl disulphide,
allyl sulphide and methylallyl sulphide) have been identi-
fied, as well as four fragmentation ions (m/z 73, 81, 114,
120) present in the mass spectra of these compounds, as
markers subsequently determined by a static headspace
method in connection with mass spectrometry (HS/MS).
The Authors pointed out the speed, simplicity and lower
cost of the new method in comparison with chromato-
graphic analysis. Direct headspace analysis using mass
spectrometry techniques is called by some authors a sort
of the electronic nose, as each fragmentary ion present in
the total mass spectrum of the gas phase of the product
can be treated analogously as one sensor of a typical elec-
tronic nose. Thus, the amount of obtained data is greater
because the observed number of fragmentary ions during
full scanning in a broad mass spectrum (several hundred)
is greater than the typical number of sensors (several). In
addition, there is a possibility of adjusting the selectivity
and sensitivity of the method through a change of scanning
parameters from full to a single ion monitoring (Dittmann
et al., 2000). A basic deficiency of this technique is – simi-
larly as an electronic nose – lack of possible identification
and quantitative determination of individual compounds.

3.2. Chromatographic techniques

A detailed qualitative and quantitative analysis of aro-
matic components of food is facilitated by the use of chro-
matographic techniques. For obvious reasons, gas
chromatography with various detection methods has found
greatest application in the determination of volatile aro-
matic substances. Most often the flame ionisation detector
(FID) is used, which as an universal detector allows to
obtain a full aromagram of a given product. In order to
obtain the aroma profile connected with a selected class
of compounds e.g. sulphur compounds such as alkyl sulp-
hides and thiols (Hill & Smith, 2000; Mestres, Busto, &
Guasch, 1998) and nitrogen compounds such as alkyl pyr-
azines in fermented products (Sala, Mestres, Marti, Busto,
& Guasch, 2000; Sala, Mestres, Marti, Busto, & Guasch,
2002), it is also possible to use selective detectors. Determi-
nation of mentioned selected classes of compounds can be
a good indicator of the quality, as the influence of these fer-
mentation side-products on the bouquet is negative and
very strong. An excellent solution is the application of
gas chromatography along with a mass spectrometer,
because it permits simultaneous identification of aromatic
components of a food product. The possibility of sensoric
analysis and semi-quantitative evaluation of components,
which really influence the aroma among all the volatile
compounds present in a sample, i.e. components sensori-
cally active, is provided by the olfactometric detector,
which allows direct olfactory evaluation of substances
eluted from a column (Boudhrioua et al., 2003; Farkaš
et al., 1997; Ferrari et al., 2004; Ferreira, Aznar, López,
& Cacho, 2001; Ferreira, Ortin, Escudero, López, &
Cacho, 2002; Frank, Owen, & Patterson, 2004; Ruth, Roo-
zen, Cozijnsen, & Posthumus, 1995; Rychlik & Grosch,
1996; Triqui & Bouchriti, 2003). Quantitative olfactometric
methods can be divided into two groups: methods which
evaluate the intensity of odour of analytes as a function
of time during a single chromatographic analysis (e.g.
OSME) and methods based on thresholds of sensoric per-
ceptibility, where the analysis of a series of dilutions of
an odour extract is conducted, until reaching the moment
when no more odour is detectable in the eluent from the
column (e.g. CHARM, AEDA) (Mariaca & Bosset, 1997;
Pollien et al., 1997). Most often an olfactometric detector
is employed together with other detectors (FID, MS) which
permits the identification and exact analysis of components
essential for the odour of a product.

In contrast with gas chromatography, liquid chromatog-
raphy is rarely used in odour analysis, chiefly as a prepara-
tive column chromatography as a stage in the preparation
of a sample before the chromatographic analysis itself
(Bhattacharjee, Singhal, Gholap, Variyar, & Bongirwar,
2003; Ferreira et al., 2002; Guth, 1997; Ledauphin et al.,
2004; Mallouchos et al., 2003a, Mallouchos, Komaitis,
Koutinas, & Kanellaki, 2003b; Rychlik & Grosch, 1996;
Webster et al., 2000). Another application of liquid chro-
matography is the determination of thermally unstable
compounds such as amines or aldehydes or compounds rel-
atively sparingly volatile. However, this is usually con-
nected with the necessity of converting determined
substances into derivatives permitting detection with the
use of detectors popular in liquid chromatography, such
as a fluorescent detector (FD) or a photodiode array detec-
tor (DAD) which complicates the analysis (Wilkes et al.,
2000).

4. Preparation of samples in the determination of volatile

aromatic compounds

The determination of aromatic substances by instrumen-
tal techniques consists of two stages. The first phase of the
analysis is particularly important, the isolation of analytes
from the complicated matrix presented by most food prod-
ucts. The aspect of ‘‘aromagrams’’ and the possibility of
their multiple use for the evaluation of food quality closely
depends on the isolation procedure. The isolated product
must be possibly representative, therefore the choice of
an appropriate sample preparation method becomes cru-
cial. Depending on the properties of the food product,
many isolation techniques are in use. Direct chromato-
graphic analysis can be applied rarely, in the case of sim-
pler matrices such as alcoholic beverages or more



860 B. Plutowska, W. Wardencki / Food Chemistry 101 (2007) 845–872
intensive aromas (Apostolopoulou et al., 2005; Bardi et al.,
1997; Clemente-Jimenez, Mingorance-Cazorla, Martinez-
Rodriguez, Heras-Vázquez, & Rodriguez-Vico, 2004;
Cortés et al., 2005; Ferrari et al., 2004; Hernández-Gómez
et al., 2003; Hernández-Gómez et al., 2005; Madrera,
Gomis, & Alonso, 2003a; Madrera et al., 2003b; Polychro-
niadou et al., 2003, Porto, Pizzale, Bravin, & Conte, 2003;
Silva, Malcata, & Revel, 1996; Soufleros, Mygdalia, & Nat-
skoulis, 2004; Torrea et al., 2003). In most cases it is essen-
tial to isolate the desired food product components in order
to eliminate interfering signals coming from the complex
matrix or for enrichment. Volatile aromatic substances
are usually characterized by low odour thresholds and they
affect the organoleptic quality already at very low concen-
trations. Among the solutions presented in literature we
most often find the following: solid phase microextraction
(SPME), headspace analysis techniques (static – HS and
dynamic – DHS) and distillation with water vapour (SD).
Some application is also found by supercritical fluid extrac-
tion (SFE) and solid phase extraction (SPE), but because of
the lower quality of results and great labour and time con-
sumption, less use is made of the classic liquid–liquid
extraction (LLE) or in the case of extraction from solid
products – solvent extraction (SE).

4.1. Solvent extraction techniques

The basic deficiency of the classical extraction by sol-
vent, after which usually concentration of the extract
through distilling off part or all of the solvent occurs, is
not only the extension of the analysis in time – which is
connected with the need to go through many stages of sam-
ple preparation, and this leads to loss of analytes in each of
subsequent stages – but also low selectivity of isolation.
The use of typical organic solvents usually leads to coex-
traction of other components of the matrix apart from
the desired volatile fraction of the product, which decreases
the delectability of trace analytes (Sides, Robards, & Helli-
well, 2000). Another essential deficiency is the necessity of
using high-purity solvents in order to avoid the creation of
so-called background coming from trace impurities in the
solvent, which are concentrated in the extract during its
enrichment. The problem of extractant purity is related
to all solvent techniques, also distillation with water
vapour or extraction to the solid state. High consumption
of high-purity solvents raises the cost of analyses. In spite
of many deficiencies, extraction by solvent still remains a
satisfying solution and provides good results, especially
with simple matrices such as fruit and vegetables, juices
and alcoholic drinks. A great advantage of extraction by
solvent in comparison with headspace analysis techniques
and solid phase microextraction, is the possibility of using
a greater amount of the sample and, in consequence, better
enrichment of analytes after the removal of the solvent and
to obtain higher sensitivity of the method. For example, the
extraction of aromatic substances from a sardine by meth-
ylene chloride (Triqui & Bouchriti, 2003) and subsequent
vacuum distillation, permitted the determination of almost
twice as many aromatically active compounds than solid
phase microextraction which was likely caused by the use
of six times more material extracted by the solvent.

In products such as wines, we find examples of employ-
ing continuous liquid–liquid extraction (LLCE) (Baptista,
Tavares, & Carvalho, 2001; Castro, Natera, Benitez, &
Barosso, 2004; Maicas et al., 1999; Rocha et al., 2000;
Valero et al., 2002). From a comparison made between
solid phase microextraction (SPME) and LLCE (Castro
et al., 2004) and their use to the extraction of volatile com-
pounds from wine, the result is that both techniques gener-
ally achieve comparable limits of detection and
determination, as well as linearity ranges for proper quan-
titative determination of analytes of this type. At similar
repeatability of measurements (<14%), LLCE shows, how-
ever, lower sensitivity with respect to some components of
the bouquet, which is connected to lower extraction effi-
ciency. Besides, LLCE, as any other extraction by solvent,
causes a solvent peak in the chromatogram, which, depend-
ing on its area, may prevent the determination of more vol-
atile analytes such as ethyl acetate. The application of
solventless extraction techniques such as SPME eliminates
this problem.

4.2. Steam distillation techniques

Extraction by solvent in connection to concentration of
the extract through the vacuum distillation technique or
under nitrogen is one of the oldest techniques used in the
analysis of odours. Another technique known for a long
time for the isolation of aromatic substances from a wide
range of matrices is steam distillation (SD). When used in
the analysis of such products as fish (Zhu, Aviles, Conte,
Miller, & Perschbacher, 1999), cured meat products (Sen,
Seaman, & Page, 1997), dairy products (Ulberth & Rou-
bicck, 1995), wines (Ferreira et al., 1995), it is usually used
for the initial extraction of volatile substances, after which
the extract is analysed with a selected headspace analysis
technique. Such an approach is especially founded in the
case of matrices containing components which make direct
headspace analysis difficult by bonding volatile compounds
in its structure or causing an unfavourably high partition
coefficient of analytes between the sample and the gas
phase. Because of the use of elevated temperature, SD
can lead to thermal degradation of odour components
and create artefacts. This lowers its applicability in the
analysis of products containing thermally unstable sub-
stances and vulnerable to oxidation. Substantial dilution
with water of the obtained extract is also undesired. This
problem can be overcome by using simultaneous distilla-
tion and solvent extraction (SDE), but it requires the use
of complicated instrumentation. This technique has been
employed in the analysis of such products as: meat (Dir-
inck, Opstaele, & Vandendriessche, 1997; Farkaš et al.,
1997), vegetables (Kocsis, Amtmann, Mednyánszky, &
Korány, 2002), cheese (Dirinck & Winne, 1999), tea (Borse
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et al., 2002; Togari et al., 1995), honey (Guyot et al., 1999),
mustard (Cai, Liu, & Su, 2001). The application of SDE to
the analysis of the volatile odour fraction of mustard (Cai
et al., 2001) allowed the extraction of a broader range of
analytes, including high-molecular-weight and difficultly
fugacious compounds such as higher fatty acids, than in
the result of SPME. In comparison with the second, a
lower sensitivity to vestigial analytes was obtained. The
authors admitted also the superiority of SDE in the quan-
titative evaluation of the analysed compounds because of
the somewhat better repeatability of results calculated as
relative standard deviation in relation to SPME. Moreover,
a relatively low productivity of extraction has been found
for most volatile analytes, because of losses and the crea-
tion of artefacts due to such conversions as hydrolysis
and pyrolysis of sample constituents. Another cause of
artefacts is found in oxidation processes of odour compo-
nents, facilitated by the high temperature of the process
(Sides et al., 2000). The apparatus of Lickens-Nickerson,
mostly used in these processes, eliminates these effects only
in part by lowering the boiling temperature of the sample
by reducing the pressure.

Because of the low selectivity of solvent extraction or
steam distillation in relation to odour substances, some-
times additional purification of the extract is practised,
e.g. using solid phase extraction (SPE). The SPE technique
becomes handy in the isolation of medium-volatile odorous
compounds. Most often, ion-exchange beds are in use for
the extraction of substances having acidic character, such
as organic acids (Diéguez, Diaz, Peña, & Gómez, 2002;
Nascimento, Cardoso, Keukeleire, Lima-Neto, & Franco,
2000; Park et al., 1999) and phenols (Ng, Lafontaine, &
Harnois, 2000) which are difficult to extract reproducibly
and efficiently using other techniques, because of the high
polarity and high partition coefficient between sample
and gaseous phase in relation to other odour components.

4.3. Supercritical fluid extraction

A relatively new and unexploited to a satisfying degree is
supercritical fluid extraction. In comparison with other sol-
vent techniques it gives a cleaner extract, which also
extends the lifetime of a column (Sides et al., 2000). An
additional advantage, particularly in comparison with
headspace analysis techniques, is the possibility of isolating
compounds not easily volatile or strongly bound with the
matrix. The scarce use of this technique in the analysis of
odours heretofore (Bhattacharjee et al., 2003) probably
results from the difficulty in obtaining an efficient extrac-
tion of polar analytes by carbon dioxide. Perhaps better
results will be obtained using water in supercritical state
as the extractant.

4.4. Headspace analysis techniques

In the course of the last years the instrumental odour
analysis has been dominated by a group of headspace anal-
ysis techniques. In general, headspace analysis exemplifies
rather the liberation of volatile components from the
matrix than permits the determination of the total content
of these components, therefore it can be more easily corre-
lated with the results of sensoric analysis.

4.4.1. Static headspace analysis technique

The simplest and relatively cheap technique from this
group is static analysis (HS). In comparison with classic
solvent extraction and dynamic analysis, equilibrium HS
in fact reduces the time needed for the preparation of a
sample, also by providing the possibility of automating
the whole procedure (Wilkes et al., 2000). Besides – the
extracts obtained are considerably cleaner and they do
not contain undesirable components transferring to
extracts obtained by extraction techniques with solvents,
such as liquid–liquid extraction, distillation with water
vapour or simultaneous distillation and solvent extrac-
tion. HS is a conservative technique – it does not damage
the sample or the odour components and does not create
artefacts. On the other hand, the headspace analysis tech-
niques show a tendency to discriminate less volatile com-
pounds, therefore in quantitative analysis the need arises
to produce calibration curves separately for each analyte
(Wilkes et al., 2000). In the case of rich aromagrams,
the time gained in the preparation of the sample can be
lost for calibration.

The main disadvantage of static HS is the lack of
enrichment of analytes, which sometimes leads to insuffi-
cient sensitivity to vestigial components of the extract. A
comparison of the HS technique and the headspace solid
phase microextraction (HS-SPME) in the analysis of beer
bouquet (Jeleń, Wlazły, Wąsowicz, & Kamiński, 1998)
has shown the high linearity of both methods in the
range of concentrations tested, however, the determina-
tion limits obtained by the HS-SPME technique were
2–5 times lower than those obtained by the HS tech-
nique, with respect to most analytes. The higher repeat-
ability of the method using HS (relative standard
deviation for 9 of the 11 determined compounds below
4%, while for HS-SPME only for 5 out of 11 com-
pounds) resulted probably from the way of conducting
the determination – HS – automatically, HS-SPME –
manually. Because of the reduced possibilities of deter-
mining trace analytes in comparison with other similar
techniques, headspace analysis in static conditions finds
its application above all as a method for generating the
gaseous phase analysed subsequently by the electronic
nose technique (Berna, Lammertyn, Saevels, Natale, &
Nicolai, 2004; Biswas, Heindselmen, Wohltjen, & Staff,
2004; Freitas et al., 2001; Guadarrama, Fernández, Íñi-
guez, Souto, & Saja, 2000; Martin, Oliveros, Pavón,
Pinto, & Cordero, 2001; Martin, Pavón, Cordero, &
Pinto, 1999; Oliveros et al., 2002; Oshita et al., 2000;
Penza & Cassano, 2004a, 2004b; Santos et al., 2004;
Shaw et al., 2000; Steine et al., 2001) or by the direct
mass spectrometry method.
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4.4.2. Dynamic headspace analysis technique

The relatively low sensitivity of static headspace analy-
sis results from the fact that a state of equilibrium is
reached between the gaseous phase and the sample. This
problem is eliminated by the dynamic headspace analysis
(DHS), called also the ‘purge and trap’ technique (PT) – a
technique of elution with simultaneous capture of ana-
lytes, in which enrichment occurs in the result of contin-
uous shift of the state of equilibrium between
concentrations of analytes in the matrix and in the head-
space phase. In this way the detection threshold is low-
ered from the ppm level (HS) to the ppb level (DHS)
(Supelco Bulletin 923, 1998). Dynamic headspace analysis
is a general conception; in its range there are many cap-
ture methods as well as methods of desorption of analytes
from the trap. Each of the methods has its advantages
and deficiencies. Cryogenic traps are exceptionally sensi-
tive to water, therefore in order to avoid their choking,
water vapour should be very effectively removed from
the gas before reaching the trap. Capturing analytes by
cooling is most effective with regard to most volatile com-
pounds (Pillonel, Bosset, & Tabacchi, 2002). Moreover,
such inconvenient effects as degradation of analytes and
creation of artefacts, irreversible bonding of substances
and overloading of the trap do not take place in cooling.
A deficiency of this solution is, however, the relatively
high cost of equipment and the relatively long time of
desorption and renewed cooling before the next analysis
(Pillonel et al., 2002). The application of popular traps
based on solid adsorbents such as porous polymers –
Tenax, Porapak, Chromosorb or activated carbon is also
facing many difficulties such as low capacity of some
adsorbents with respect to very volatile constituents, and
in consequence overloading of the trap and loss of ana-
lytes, creation of artefacts due to catalytic action of the
bed, favouring and irreversible adsorption of long-chain
or polar compounds (Pillonel et al., 2002). Solid adsor-
bents can have an alternative in the form of non-polar
liquid sorbing agents, e.g. silicone polymers, as they do
not create competition and discrimination of short-chain
compounds in relation to compounds with greater molec-
ular mass and they do not show any catalytic action. Lib-
eration of captured analytes occurs mostly due to thermal
desorption. This is a very effective method (ensuring 100%
desorption of analytes), but at the elevated temperature of
processes, decomposition of labile components may occur.
In comparison with an alternative solvent desorption,
thermal desorption shows no solvent peak in the chro-
matogram which may obscure more volatile compounds,
does not introduce contaminations to the extract coming
from the solvent and it does not cause losses of analytes
(Sides et al., 2000). Furthermore, desorption by solvent
provides difficulties when it comes to automation of the
process. On the other hand, it is conducted in more mild
conditions, which is an advantage. It is worth noting, that
the use of thermal desorption is not confined to dynamic
headspace analysis.
Direct thermal desorption of analytes from a sample
placed in a special apparatus is also being used. In spite
of the established sensitivity several score times higher in
this technique in comparison with the solid phase microex-
traction, its application is limited to samples with low
water content and containing no thermally labile compo-
nents (Pillonel et al., 2002). Irrespective of methods of real-
ization of the capture and desorption stages of analytes, the
dynamic headspace analysis is characterized by its longer
extraction time in comparison with other solventless tech-
niques – several or even less than 20 times longer than
for the solid phase microextraction (Song, Gardner, Hol-
land, & Beaudry, 1997; Supelco Bulletin 923, 1998).
Another shortcoming is the sensitivity to water in the sys-
tem. In principle, all traps, particularly in the case of sam-
ples of high humidity, capture some amount of water which
disturbs the analysis and can even lead to damage of the
equipment. For this reason it is indispensable to apply
some additional measures aiming at removal of water, such
as: drying of the bed with gas, condensation of water
vapour ahead of the trap, separation by membrane (Pillo-
nel et al., 2002). The removal of water is unfortunately one
of the reasons of losses in volatile and polar analytes often
taking place. In spite of numerous methodological difficul-
ties connected with headspace analysis in dynamic condi-
tions, many publications have appeared so far on the
optimisation of this technique in the analysis of the odour
of meat and fish products (Dirinck et al., 1997; Hierro,
Hoz, & Ordóñez, 2004; Nakai et al., 1999; Refsgaard,
Haahr, & Jensen, 1999), fruit and vegetables (Argenta,
Mattheis, Fan, & Finger, 2004; Grison-Pigé, Hossaert-
McKey, Greeff, & Bessière, 2002; Lavilla, Recasens, Lopez,
& Puy, 2002; Lyew et al., 2001; Ruth et al., 1995; Song
et al., 1997), cheese and other dairy products (Bellesia
et al., 2003; Bintsis & Robinson, 2004; Pérès et al., 2002;
Contarini & Povolo, 2002; Thierry, Maillard, Hervé, Ric-
houx, & Lortal, 2003; Thierry et al., 2004), vegetable oil
(Kanavouras, Kiritsakis, & Hernandez, 2005) and honey
(Radovic et al., 2001). Chromatographic analysis of the
aroma of various kinds of smoked ham, using an adsorp-
tion Tenax TA trap and thermal desorption (Dirinck
et al., 1997) and with the use of simultaneous distillation
and extraction by solvent (SDE), has shown the lower
repeatability of the first method, what has been linked by
the Authors foremost with equipment deficiencies such as
choking of the trap and leaks in the system, but also with
high content of fat and inhomogeneity of products of that
type. The high fat content was probably also the cause of
the appearance of peaks in aromagrams coming from air
contamination, which very easily sorb on the surface of
fatty samples, which has been observed earlier by other
authors. Because of the high standard deviations obtained
when using the DHD technique, the authors acknowledged
the method using SDE as being more trustworthy in quan-
titative determination. The more, in the result of SDE a
greater number of compounds has been isolated, which
resulted in a rich array of chromatograms. The experiment-
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ers pointed out, however, the possibility of creating decay
products of labile compounds in the conditions of extrac-
tion, in particular of sulphur compounds.

4.5. Solid phase microextraction technique

Particular attention should be given to the instrumental
analysis of organoleptic quality and the technique of solid
phase microextraction (SPME), developed by Pawliszyn
and co-workers in 1990 (Kataoka, Lord, & Pawliszyn,
2000; Pawliszyn, 1997). In the determination of volatile
odour substances the version realized in the headspace
phase (HS-SPME) is particularly useful. The SPME tech-
nique requires only a small amount of sample and permits
to isolate and enrich volatile and half-volatile analytes
from matrices both in the solid and liquid states in short
time, in a simple way and with relatively low financial out-
lay. It ensures the linearity of results in a broad range of
concentrations (up to ppt) (Supelco Bulletin 869 A,
1998). It is a conservative technique – allowing the preser-
vation of the natural contents and composition of the sam-
ple – it does not require the use of high temperatures and
pressures, nor solvents or complicated equipment. Manip-
ulation of the sample and the possibility of loss of analytes
is insignificant, some difficulty may be found in the isola-
tion of less-volatile compounds or with high affinity to
the matrix, e.g. isolation of polar compounds such as
organic acids from matrices of polar character, like bever-
ages. In such cases derivatisation is used or the extraction
conditions are optimised in another way (e.g. temperature,
duration of the exposition of the fibre, the type of fibre,
ionic strength of the matrix) in order to increase recovery
and sensitivity. An example of an approach using derivat-
isation can be testing the influence of carbonyl compounds
– aldehydes and ketones – on the organoleptic properties of
alcoholic beverages depending on their type and the degree
of their condensation, using O-(2,3,4,5,6-pentafluoroben-
zyl)hydroxylamine (PFBHA) as the reagent converting car-
bonyl compounds into oxime derivatives and subsequent
solid phase microextraction and gas chromatography with
electron capture detection (ECD) (Wardencki, Sowiński, &
Curyło, 2003). Although SPME preceded by derivatisation
using various agents is commonly used in simple or envi-
ronmental samples, there are not yet many examples of
exploitation of this approach in food matrices. Anyhow,
the most useful version seems to be on-fibre derivatisation.
Except methods designed for alcoholic matrices mentioned
above, there are reported also in the literature applications
of derivatisation in lipid matrices such as vegetable oils
(Stashenko et al., 2000). In this case penta-
fluorophenylhydrazine (PFPH) was used as a derivative.

4.5.1. Advantage of SPME over other sample preparation

techniques
The numerous comparisons the SPME technique with

other extraction techniques of odorous compounds present
in literature, often show the superiority of the former tech-
nique. The essential advantage of SPME, common for
techniques using headspace extraction, is the possibility
to isolate and enrich odorous components without interfer-
ence from the remaining matrix components. In contrast
with extraction techniques based on total extraction of ana-
lytes from the matrix, SPME is based on an equilibrium of
analyte concentrations in the sample, in sample headspace
and in the stationary phase of the fibre. Therefore, in spite
of the fact that optimal extraction time is the time needed
to achieve a state of equilibrium, it is possible to shorten
the time of extraction in a reproducible way under the con-
dition that stability of conditions is preserved (Vallejo-Cor-
doba, González-Córdova, & Estrada-Montoya, 2004).
Similarly as static headspace analysis (HS), HS-SPME
shows a tendency to discriminate less-volatile compounds,
but adsorption of analytes on the fibre causes their enrich-
ment and an essential increase of the sensitivity of the tech-
nique. While HS permits the determination of odorous
components at the ppm level (Supelco Bulletin 923,
1998), the SPME technique allows to achieve two orders
lower detection limits. In comparison with HS, lower sen-
sitivity and productivity of extraction for extremely volatile
compounds has been observed (Doleschall et al., 2001;
Yang & Peppard, 1994). When comparing this pair of tech-
niques it should be noted that HS-SPME prevents the
introduction of water to the chromatographic column
and in consequence its premature destruction (Yang &
Peppard, 1994). Solid phase microextraction has also
advantages over dynamic headspace analysis (DHS) – it
preserves the mild conditions of the process, which cause
no changes in the composition of the sample (e.g. due to
thermal decomposition) and cause no creation of artefacts
(e.g. due to thermal degradation of the bed material in the
trap) (Marsili, 1999), and also shows greater repeatability
of results. The average precision obtained with the SPME
technique, calculated as relative standard deviation, lies
in the range <1–12%, while using the DHS technique usu-
ally a precision of 1–30% is achieved (Supelco Bulletin 923,
1998). Besides, in the case of SPME the remains of analytes
from preceding analyses are not introduced into the col-
umn, which occurs in headspace analysis in dynamic condi-
tions (Wilkes et al., 2000). Both techniques could be
utilized together with gas chromatography in order to dis-
tinguish milk in dependence on the thermal processing
method (Contarini & Povolo, 2002).

A better recovery of greater molecular weight com-
pounds (2-heptanone, 2-nonanone, 2-undecanone) has
been noted when using the HS-SPME technique, while
the DHS technique gave higher extraction yield for com-
pounds with small molecular weight (acetone, 2-butanone),
preserving a comparable repeatability of results using both
techniques. Similar results have been observed when com-
paring extraction yields of volatile aldehydes with HS-
SPME and static headspace analysis (HS) techniques from
vegetable oils (Doleschall et al., 2001). A comparison of
results of analysis of volatile butter fraction (Povolo &
Contarini, 2003) has shown a more efficient extraction of
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fatty acids of relatively low volatility using the HS-SPME
technique than the DHS technique. The better extraction
of medium-volatile compounds, compounds of low volatil-
ity and such of higher molecular weight using the SPME
technique in comparison with headspace analysis tech-
niques is not a rule. In the result of comparing the bouquets
of Parmesan cheese isolated with the use of the HS-SPME
and DHS techniques and determined chromatographically
(GC) it has been established that less-volatile components
were extracted more efficiently by the DHS technique (Bel-
lesia et al., 2003). Generally it can be stated that the total
productivity of solid phase microextraction in comparison
with the ‘purge and trap’ technique is usually lower. It has a
relationship above all with the much greater sorbing area
of the trap than that of fibre and also with the smaller
amount of sample extracted with the SPME technique
(Povolo & Contarini, 2003). Aromagrams obtained using
SPME are more readable but usually more modest because
of the number and concentration of isolated compounds
(Fig. 4).

4.5.2. Disadvantages of SPME technique
The sensitivity of headspace analysis techniques, includ-

ing also SPME, strongly depends upon the composition of
the matrix and is highly susceptible to changes in its com-
position, for example to changes in the fat content in the
product. High fat content reduces the extraction productiv-
ity, foremost in relation to less volatile components, there-
fore for products considerably differing in fat contents (e.g.
whole milk and skim-milk), in order to perform a quantita-
tive evaluation, separate calibration curves should be deter-
mined for each variant (Wilkes et al., 2000). The sensitivity
of SPME from edible oil samples is lower for the same ana-
lytes in comparison with water samples, because the solu-
bility of odorous components in oil is much higher than
in water. Thus the analysis of the odour of oils requires
usually a higher extraction temperature (Yang & Peppard,
1994). In a similar way the presence of organic solvents
such as ethanol reduces the adsorption of analytes on fibre.
The results obtained using the SPME technique depend
strongly not only on the composition of the matrix but also
on process conditions, which may complicate the quantita-
tive determination (Sides et al., 2000). Each change of
extraction parameters having an effect upon the division
ratio and speed of adsorption will have an influence on
the productivity and repeatability of the extraction.
Because of the susceptibility to the composition of the
matrix and conditions of carrying out the isolation, meth-
ods of extrinsic calibration should not be used in the case
of complicated matrices – solid, non-homogeneous, with
differentiated quantitative and qualitative content, or con-
taining substantial amounts of organic solvents, proteins,
fats (Supelco Bulletin 929, 2001). In such cases it is advis-
able to apply an external standard methods, most favour-
ably – isotope dilution analysis, but solid samples require
then homogenisation in liquid phase. It has been estab-
lished that in the case of simple matrices such as alcoholic
beverages from oranges (Porto et al., 2003), when there is
no need to enrich the analytes, a better solution may be
provided by direct injection the sample to a gas chromato-
graph, which gives more reliable quantitative results. An
additional argument against the use of SPME in the case
discussed by the authors is the low productivity of extrac-
tion of polar analytes such as low and medium molecular
weight alcohols (methanol, isobutanol, n-butanol, isoamyl
alcohols), even in comparison with direct analysis without
enrichment. The presence in the sample of large amounts of
analyte with a high partition coefficient stationary phase of
fibre – gaseous phase causes the appearance of the compe-
tition effect and displacement of analytes from the surface
of the fibre. A reduction of the extraction time in such a sit-
uation lowers the probability of overloading the fibre and
subsequent false results (Roberts, Pollien, & Milo, 2000).
In samples of alcoholic beverages with high ethanol con-
tent, the extraction productivity falls with the increase in
concentration of ethyl alcohol, therefore usually dilution
of the sample to an ethanol content of 10–20% is in use.
The effect of competition is of great importance in SPME
realized by direct immersion of the fibre in a liquid matrix.
A greater reduction in sensitivity has been observed with an
increase of ethyl alcohol concentration in relation to terp-
enoids isolated from wine in comparison with HS-SPME
(Garcia et al., 1998).

In the case of simple matrices such as Tequila which
contain no components such as fats or proteins which
might interfere with and render the extraction difficult,
and which contain medium- and difficultly volatile odorous
components (such as long-chain esters of fatty acids),
SPME is preferred realized through direct immersion of
fibre in the matrix (Vallejo-Cordoba et al., 2004). It allows
not only to obtain a reduced extraction time, but also
increases its productivity and substantially lowers the
detection thresholds of these analytes, as the productivity
for medium- and difficultly volatile compounds is higher
and possible at all, and for easily volatile it comes close
to that of HS-SPME. Rinsing the fibre after extraction in
order to remove interfering substances extends the possibil-
ities of using this version of SPME. Rinsing with warm dis-
tilled water in order to remove saccharides extracted
together with the determined analytes has been used during
the isolation of components of the bouquet of whisky,
using a homologous SBSE technique (Stir Bar Sorptive

Extraction) (Demyttenaere, Sánchez Martinez, Verhé, San-
dra, & Kimpe, 2003).

4.5.3. Importance of appropriate selection of fibre

In spite of some deficiencies of the technique of the
solid phase microextraction, it seems to be ideal for pur-
poses connected with the determination of odorous com-
pounds. An even broader range of commercially
available fibres allows to determine a broader range of
analytes. An appropriately selected fibre allows a more
selective extraction than using headspace analysis tech-
niques, both static and dynamic, e.g. volatile polar fatty



Fig. 4. Profiles for volatile fraction of butter by using GC–MS and: dynamic headspace technique (DHS) (upper) or solid phase microextraction (SPME)
(lower) (Reproduced from Povolo and Contarini, 2003).
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acids appearing in low concentrations (Marsili, 1999). The
choice of the fibre is very important in the analysis of
odorous compounds not only because of the composition
of the extract obtained, but also because different fibres
ensure different repeatabilities of the method in a given
case. For example: the aroma of alcoholic beverages from
oranges has been analysed and among four tested fibres
(of the type: PDMS – polydimethylsiloxane as the station-
ary phase, PDMS/DVB – polydimethylsiloxane/divinyl-
benzene, CAR/PDMS – carboxen/polydimethylsiloxane,
DVB/CAR/PDMS) it has been shown that the use of a
fibre of the type DVB/CAR/PDMS resulted in relative
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standard deviations several times smaller for the deter-
mined compounds than the remaining ones (Porto et al.,
2003). Among fibres of the PDMS, PA (polyacrylate),
PDMS/DVB, CW/DVB (carbowax/divinylbenzene) types
exploited for the extraction of fatty acids ethyl esters from
the Tequila bouquet – the first turned out to be the best
because of its lowest coefficient of variation (CV), below
10% (Vallejo-Cordoba et al., 2004). The suitability of
fibres of a given type depends also upon the method of
extraction – from the headspace or as the result of direct
immersion. In the case of odorous components from wine,
the PDMS type of fibre has proved to be optimal for HS-
SPME because of the enrichment factor and repeatability,
whereas for direct immersion better results were achieved
with DVB/CAR/PDMS fibres (Demyttenaere et al., 2003).

4.5.4. Modifications of SPME technique

Depending on the kind of sample, numerous modifica-
tions of SPME have been developed in order to broaden
the application of this technique. For example, for solid
state products such as cured meat products (ham, liver
sausage) in which direct immersion of the fibre in the
matrix is not possible, a method facilitating the insertion
of fibre to the interior of a solid sample has been devel-
oped (Ruiz, Ventanas, & Cava, 2001). The method per-
mits the extraction from practically intact material,
without excessive manipulation of the sample, thanks to
the placement of the needle with the fibre inside an appro-
priately built perforated tube with a sharpened end, which
facilitates driving the whole device into the matrix. In
effect, an approximately similar number of extracted com-
pounds has been isolated in comparison with HS-SPME,
but the presence of impurity traces on the chromatogram,
coming from volatile solvents in air, could be avoided. A
deficiency was the somewhat lower repeatability for less
volatile components, as well as lack of possibility of using
an internal reference in quantitative determinations. In
another paper on this method it has been also indicated
that lack of homogenisation of the sample can have an
effect on the kind and number of isolated components
(Andrés et al., 2002).

As mentioned earlier, a small amount of stationary
phase deposited on the fibre can lead to low recovery of
analytes. For this reason, new modifications of the classic
SPME in the form of the SBSE technique (Stir Bar Sorptive

Extraction) and HSSE (Headspace Sorptive Extraction) are
under development, permitting the determination of ana-
lytes appearing in trace and ultra-trace quantities, even
below ppt, which results from a greater amount of station-
ary phase deposited on a bar thicker than the fibre (Baltus-
sen, Sandra, David, & Cramers, 1999; Bicchi, Cordero,
Iori, & Rubiolo, 2000; Demyttenaere et al., 2003). The
adsorbed analytes are subsequently undergoing thermal
desorption, which requires that the chromatographic sys-
tem is fitted with equipment for thermal desorption.
Advantages of the new techniques include also: slower deg-
radation of the stationary phase and resulting loss of
repeatability and in consequence rare necessity to exchange
and calibrate anew (Pillonel et al., 2002).

5. Summary

The examples cited in the paper show the great possi-
bilities in using the determination of volatile compounds
for the appreciation of contents of expected and desired
food elements, but also for the detection and determina-
tion of the level of undesired substances, including not
only those which lower the organoleptic quality but often
also hazardous to the health of the consumer. At the same
time, because of the variety and complicated composition
of matrices found in food products and the kind of infor-
mation we want to obtain on a product, particular impor-
tance is gained by the choice of the proper analytic
method. The more common use of instrumental analysis
in the creation of ‘‘aromagrams’’ in the evaluation of
organoleptic quality and safety of food results from limi-
tations characteristic for sensoric analysis. For reasons of
objectivity, higher repeatability and reproducibility of
results and the possibility of identifying odour and their
quantitative estimation, instrumental analysis constitutes
not only an excellent supplement to sensoric analysis,
but it becomes an indispensable tool in the complete anal-
ysis of sensoric quality of food. Besides, the analysis of
‘‘aromagrams’’ provides additional information on the
health quality of a product.

The basic advantage of creating aromatic profiles of food
products may be the possibility of creating ‘‘aromagram’’
bases on grounds of analyses of a kind of reference prod-
ucts, classified by type, origin or quality. The evaluation
of quality on the basis of comparison of the odour profile
of a given product with model profiles can constitute an
essential supplement and extension of sensoric analysis.
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aroma extract dilution analysis, quantitative determination, and
sensory reconstruction studies. Journal of Agricultural and Food

Chemistry, 50, 4048–4054.
Frank, D. C., Owen, C. M., & Patterson, J. (2004). Solid phase

microextraction (SPME) combined with gas-chromatography and
olfactometry-mass spectrometry for characterization of cheese
aroma compounds. Lebensmittel-Wissenschaft und-Technology, 37,
139–154.

Freitas, A. M. C., Parreira, C., & Vilas-Boas, L. (2001). The use of an
electronic aroma-sensing device to assess coffee differentiation-com-
parison with SPME gas chromatography-mass spectrometry aroma
patterns. Journal of Food Composition and Analysis, 14, 513–522.
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Mildner-Szkudlarz, S., Jeleń, H. H., Zawirska-Wojtasiak, R., & Wąsow-
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Pérès, C., Begnaud, F., & Berdagué, J.-L. (2002). Fast characterization of
Camembert cheeses by static headspace-mass spectrometry. Sensors

and Actuators B, 87, 491–497.
Pérès, C., Denoyer, C., Tournayre, P., & Berdagué, J.-L. (2002). Fast

characterization of cheeses by dynamic headspace-mass spectrometry.
Analytical Chemistry, 74, 1386–1392.
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Losada, P. (2004). Determination of hexanal as indicator of the lipidic
oxidation state in potato crisps using gas chromatography and high-
performance liquid chromatography. Journal of Chromatography A,

1046, 75–81.



B. Plutowska, W. Wardencki / Food Chemistry 101 (2007) 845–872 871
Santos, J. P., Arroyo, T., Aleixandre, M., Lozano, J., Sayago, I., Garcia,
M., et al. (2004). A comparative study of sensor array and GC–MS:
application to Madrid wines characterization. Sensors and Actuators B,

102, 299–307.
Sen, N. P., Seaman, S. W., & Page, B. D. (1997). Rapid semi-quantitative

estimation of N-nitrosodibutylamine and N-nitrosodibenzylamine in
smoked hams by solid-phase microextraction followed by gas chro-
matography-thermal energy analysis. Journal of Chromatography A,

788, 131–140.
Servili, M., Selvaggini, R., Taticchi, A., Begliomini, A. L., & Montedoro,

G. F. (2000). Relationships between the volatile compounds evaluated
by solid phase microextraction and the thermal treatment of tomato
juice: optimization of the blanching parameters. Food Chemistry, 71,
407–415.

Servili, M., Selvaggini, R., Taticchi, A., Esposto, S., & Montedoro, G.
(2003). Volatile compounds and phenolic composition of virgin olive
oil: optimization of temperature and time of exposure of olive pastes to
air contact during the mechanical extraction process. Journal of

Agricultural and Food Chemistry, 51, 7980–7988.
Shaw, P. E., Rouseff, R. L., Goodner, K. L., Bazemore, R., Nordby,

H. E., & Widmer, W. W. (2000). Comparison of headspace GC
and electronic sensor techniques for classification of processed
orange juices. Lebensmittel-Wissenschaft und-Technology, 33,
331–334.

Sides, A., Robards, K., & Helliwell, S. (2000). Developments in extraction
techniques and their application to analysis of volatiles in foods.
Trends in Analytical Chemistry, 19, 322–329.

Siegmund, B., & Murkovic, M. (2004). Changes in chemical composition
of pumpkin seeds during the roasting process for production of
pumpkin seed oil (Part 2: volatile compounds). Food Chemistry, 84,
367–374.

Silva, M. L., Malcata, F. X., & Revel, G. (1996). Volatile contents of
grape marcs in Portugal. Journal of Food Composition and Analysis, 9,
72–80.

Smyth, A. B., Song, J., & Cameron, A. C. (1998). Modified atmosphere
packaged cut iceberg lettuce: effect of temperature and O2 partial
pressure on respiration and quality. Journal of Agricultural and Food

Chemistry, 46, 4556–4562.
Song, J., Gardner, B. D., Holland, J. F., & Beaudry, R. M. (1997). Rapid

analysis of volatile flavor compounds in apple fruit using SPME and
GC/time-of-flight mass spectrometry. Journal of Agricultural and Food

Chemistry, 45, 1801–1807.
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