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Preface

Flavor is one of the main food sensory attributes of crucial importance for consumers
acceptance of food. Therefore, it attracts the attention of not only food technologists,
but also psychologists and neurophysiologists. Flavor compounds are challenging
ones to investigate for chemists and biochemists.

This book was intended to provide a concise one volume selection of flavor topics
especially important for food technologists and students in food technology/chem-
istry, who are main target reader groups, and all those who want to have a starting
point in a more in-depth exploration of the field of food flavors.

Having this in mind, the book chapters can be grouped into five areas generally
focused on the following aspects: i) introductory information on flavor compounds
and odor and taste perception; ii) basics of aroma compounds formation; iii) flavor
compounds specificity in food technology; iv) examples of flavors of selected foods;
and v) analytical approaches to characterize food flavor compounds.

Chapters 1 and 2 provide an introduction into the chemistry of food odorants and
food tastants, whereas Chapter 3 covers the area of flavor perception and provides
fundamentals, as well as recent accomplishments in this field. Chapters 4 through
6 are organized based on flavor precursors (lipids, carbohydrates, and aminoacids),
presenting universal mechanisms and pathways in aroma compounds biogenesis or
formation of process flavors. This gives readers a broad outlook of the common
points in the formation of flavors and should help to understand the process of fla-
vor formation in technological processes. Chapter 7 is related to interaction of food
matrix with aroma compounds in the process of their binding and release, whereas
Chapter 8 describes an significant issue of flavor suppression and enhancement,
important especially in functional food production and flavor perception. To guide
reader through the legislative meanders of food flavors and flavorings, Chapter 9
provides important data in this respect. Chapters 10 and 11 are alse helpful for food
technologists, providing information on spices and essential oils, and functional
properties of flavor compounds. Chapters 12 through 15 provide insight into various
food products and their characteristic aroma. Because of the ample variety of food
products with a distinct flavor and, simultaneously, because of the limited space in
the book, a choice of products must be a compromise. Cheese flavors, flavor char-
acterization of meat, odorants in wines, and formation of flavor in bread and bak-
ery products represent diversified character of flavor and aroma compounds, their
formation, sensory implication, and the roles of microorganisms and technological
processes in their formation. Chapter 16 describes the problems of food taints and
off-flavors, their origin in foods, and the strategy for their identification. The last
part of the book, comprising four chapters, is devoted to analytical aspects. Chapter
17 describes the use of volatile compounds in food authenticity and traceability test-
ing, whereas Chapter 18 presents analytical approach to the determination of key
aroma and taste compounds that play a crucial role in formation of food flavor. This
chapter links results of instrumental analysis with sensory impressions. Chapter 19

vii
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is focused on the techniques used in the sensory characterization of food, whereas
Chapter 20 provides the idea, theory, and instrumentation of machine olfaction.

The chapters in this book have been written by specialists from academia and
industry based on their teaching and research experience and contain both funda-
mentals, required to understand basic processes in flavor chemistry/biochemistry
and flavor perception and the evaluation of literature to present recent trends in flavor
research.

I hope that information provided in the book shall give an outlook of the various
aspects of flavor chemistry to the novices in the field, as well as useful information
for more experienced readers, and can be a concise starting book for all interested in
arole of flavors in food industry.
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1.1 INTRODUCTION

Food is one of the main stimuli to our sensés in everyday life. Apart from providing
nutritious constituents during consumption, food engages the human senses: not only
taste and smell, but also sight, hearing, and touch. Sensory properties resulting from
the involvement of all senses provide a wholesome picture of food, which is either
accepted or rejected by a consumer. Food appearance, texture, and mainly food fla-
vor are the sensory properties that influence food acceptance. Among the sensory
properties, flavor is usually the decisive factor for the choice of a particular product.

According to the New Oxford American Dictionary, flavor (Brit. flavour) is the
distinctive quality of a particular food and drink as perceived by the taste buds and
the sense of smell. The origin in late Middle English (in the sense fragrance, aroma)
is from Old French flaor, perhaps based on a blend of Latin flatus “blowing” and
foetor “stench.” It can be assumed that flavor is the sensation produced by material
taken in the mouth perceived principally by the senses of taste and smell, and also by
the general pain, tactile, and temperature receptors in the mouth.

Food flavor is of cardinal importance not only for consumers at the moment of
choosing a particular product, but also an important feature for breeders of fruit and
vegetable varieties and in selection of raw materials used for food production. Flavor
is an issue for food technologists, when developing new products, meeting consum-
ers’ requirements, and controlling it during processing and storage. Finally, flavor
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is one of the main factors that determine the shelf life of a particular food product.
Development of off-flavors as a result of enzymatic, chemical, or microbial changes
can make food products unpalatable. Therefore, maintaining the proper flavor of
food products is in the interest of both consumers and producers.

1.2 FOOD VOLATILES AND FOOD ODORANTS

Odorants have to be volatile to reach the human olfactory system; therefore, it is
accepted that, generally, odorants are molecules characterized by relatively high vapor
pressures of molecular weight lower than 300 Da, although there are odorants that
are relatively nonvolatile [Sa-androst-16-en-3-one—mammalian pheromone having
sweaty, ruinous, unpleasant woody odor; odor threshold (OT) = 0.00062 mg/kg; vapor
pressure = 4.22 x 10-]. The vapor pressure of odorants can vary over several orders
of magnitude. Majority of volatiles are also relatively nonpolar (hydrophobic) com-
pounds, which favors their partition in aqueous media.

A differentiation should be made between volatile and odoriferous compounds.
More than 11000 volatile compounds have been identified in food. They have been
compiled as a database accessible on the Internet (VCF Volatile Compounds in Foods,
2010, www.vcf-online.nl) and fill 18 different chemical classes (hydrocarbons, alde-
hydes, ketones, esters, acids, lactones, halogens, sulfur compounds, etc.). However,
it is estimated that only 5%—-10% of them play a significant role in the formation of
specific aromas of food products. The importance of particular compounds in flavor
formation is related to their concentration and their odor thresholds. Volatile com-
pounds influence the odor of a particular food when present in concentrations higher
than their odor threshold, or they can also influence the flavor when present in mix-
tures that exceed these odor thresholds as a result of additive or synergistic effects.

Increasing the potential of separation techniques, and developments in gas chro-
matography especially comprehensive gas chromatography (GC x GC) allow the
detection of hundreds or even thousands of peaks. Therefore, among the bulk of
volatile compounds, key odorants of a product are of special importance in flavor
analysis. As a consequence, although profiles of volatile compounds are useful in
metabolomic or authenticity/traceability testing (Chapter 17), the analysis of food aroma
compounds should be sensory guided. In analysis of food odorants, gas chromatography-
olfactometry (GC-O) allows selection of aroma important compounds from numerous
volatiles (van Ruth 2001). This approach to the analysis of food odorants and tastants is
discussed in detail in Chapter 18.

1.3 ODOR THRESHOLDS AND AROMA DESCRIPTION

Odoriferous compounds are present in food in very low concentrations, usually in
milligram per kilogram amounts, but very often in much lower concentrations—
microgram per kilogram or even nanogram per kilogram of the product. Our olfac-
tory system is able to detect some odorants present in extremely low concentrations.
Odoriferous molecules are sensed by the olfactory epithelium located in the nasal
cavity, which can be reached entering a nasal passage via the nose (orthonasal) or via
the mouth (retronasal path). In humans, introduction of an odorant above a certain
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threshold into the nasal cavity triggers a response to the stimulus (see Chapter
3). Odor threshold can be defined as the lowest concentration of a compound in a
specified medium that is sufficient for the recognition of a particular odor. In fla-
vor description, two thresholds are used: detection threshold defined as the lowest
physical intensity at which a stimulus is perceptible, and the recognition threshold
(odor threshold), which is the lowest intensity in which the stimulus can be correctly
defined or identified.

To characterize aroma compounds and their contribution to food flavor, odor
thresholds need to be determined. Traditionally, this has been carried out in air using
olfactometers; however, for food products, a more reasonable solution is to deter-
mine odor thresholds in water (Buttery 1999). This is based on the assumption that
in determining a water threshold, the odor threshold of a compound in air, where
the compound is at equilibrium between the water solution and air, is determined
(Buttery et al. 1973). Odor threshold in air (7,) can be determined from the following
equation:

=T, xK.,

where T, is a threshold concentration in water and K, is the air-to-water partition of
the compound at the testing temperature. Similarly, threshold in oil can be calculated
as follows:

1

ol

= 7‘w X (Kav»/Kaol)
where K, /K, is equal to the oil-to-water partition.

To quantify the influence of a particular odor compound on the aroma of a prod-
uct, aroma values (AV) are calculated by integrating the concentration of a particular
compound and its odor threshold—AYV is the ratio of a compound’s concentration to
its odor threshold (Rothe and Thomas 1963). An example of such approach is shown
in Table 1.1. Furthermore, the log of concentration/threshold ratios is used to express
the contribution of a compound to a product’s overall aroma.

Basic tastes can be relatively easily described (sweet, salty, sour, bitter, and with
umami being classified as the fifth basic taste). Contrary to this, description of odors
is often extremely difficult to do in unequivocal terms. Complex mixtures are diffi-
cult to describe unless there is one dominant compound that influences flavor. Odors
are described using adjectives comparing odors with known products/impressions
(e.g., hay-like, fruity). Many terms describing odors include animal (musk, civet),
camphoraceous, citrus, earthy, fatty, floral, green, herbaceous, medicinal, resinous,
spicy, waxy, or woody. For complicated (from a flavor point of view) products, such
as whisky, wine, or beer, flavor wheels have been constructed to help in describing
main and additional odors and notes associated with a product (Figure 1.1).

1.4 CHEMICAL PROPERTIES AND PERCEPTION OF ODORANTS

Perception of food odorants is related to the nature of food product from which
an aroma compound is released (food matrix) and the chemical/spatial nature of
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TABLE 1.1

Aroma Compounds in Rye Bread Crust

Compound Concentration (ppm) Aroma Value*
Ethanol 1100 110
Acetaldehyde 23 25
Acetoin 1 1
Diacetyl 13 330
2/3-Methylbutanal 15 1900
Pyruvic aldehyde 9 20
2-Methylpropanal 6 6000
Furfural 19 300

Source: Rothe, M., and Kruse, H.-P, in Flavor Chemistry. Thirty Years of Progress,
ed. R. Teranishi, E.L. Wick, and 1. Horstein, 367-375, Kluwer Academic/
Plenum Publishers, New York, 1999. With permission.

2 Concentration (ppm)/threshold in water (ppm).

the odorant molecule. Aroma compounds interact with food macro constituents—
proteins, lipids, and carbohydrates. The interactions influence release of aroma
compounds from the matrix, resulting in partition coefficients that in consequence
influence the levels of aroma compounds in the headspace. Odor threshold values of
2,4,6-trichloroanisol vary substantially in matrices of different viscosity and compo-
sition: in water, it is estimated at 7.6 x 10-%; in beer, 7 x 10-¢; in edible oil, 7 x 10-3;
and in egg yolk, 2.4 x 10-* (Maarse et al. 1987).

The food macroconstituents can govern aroma binding and release in various
ways: the presence of polysaccharides can alter partition of volatiles due to modi-
fied viscosity or formation of inclusion complexes. Binding of flavor compounds to
proteins is dependent on protein type. The nature of aroma binding to protein mol-
ecules can be reversible, based on hydrogen bonding and hydrophobic interactions,
or can be irreversible, such as in the case of sulfur compounds reacting with pro-
teins. Lipids influence partition of volatile compounds in foods to a great extent. In
emulsions, even a low level of fat can substantially influence absorption of volatiles
(Roberts and Pollien 2000). The process of aroma release was discussed in detail
in several review papers (Druaux and Voilley 1997; Guichard 2002). The problem
is of high importance for food manufacturers especially considering the trends for
production of fat-free or low-fat products. Binding and release of aroma compounds
are discussed in detail in Chapter 7.

The chemical nature of odorants influences the way they are perceived. Functional
groups position influences odor threshold. As an example, isomers of trichloroan-
isole—2,4,6-trichloroanisole and 2,3,6-trichloroanisole can be cited having odor
thresholds of 0.03 and 0.0003 ppb, respectively (Maarse et al. 1987). Size and char-
acter of the functional groups may also influence odor thresholds via the influence of
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FIGURE 1.1 Whisky flavor wheel. (From Lee, K.-Y.M., Paterson, A., Piggot, J.R.,
J. Inst. Brewing 107, 287-313, 2001. With permission.)

odorant receptor spatial interaction. A good example showing the influence of func-
tional groups on odor thresholds are alkylpyrazines. Werner and coworkers studied
the structure—odor activity relationships of 80 alkylpyrazines. Tetramethylpyrazine
had an odor threshold of >2000 ng/L, whereas trimethylpyrazine had a substan-
tially lower odor threshold of 50 ng/L (in air). When one of the methyl groups was



