Flavors

Although flavor substances represent an extremely wide range of chemical structures derived from almost every notable constituent of foods, the feature of “stimulating taste or aroma receptors or specialized nerves to produce an integrated psychological response known as flavor,” remains as the only essential requirement for inclusion of a molecule into the flavors category of food chemistry. However, from a broader perspective, the term “flavor,” has evolved to a usage that implies an overall integrated perception of all of the contributing senses (smell, taste, sight, feeling, and sound) at the time of food consumption. Thus, although the nonchemical or indirect senses (sight, sound, and feeling) often substantially influence the perception of flavors. Flavor chemistry often has been equated with the analysis of volatile compounds using gas chromatography combined with fast-scan mass spectrometry, but this view is too restrictive as an extensive array of methods has evolved for the analysis of flavour compounds.
 SENSORY ASSESSMENT OF FLAVORS

Sensory assessments of flavor compounds and foods are essential for achieving objectives of flavour investigations regardless of ultimate goals. Some situations call for sensory characterization of samples by skilled individuals (experienced flavorists or researchers). However, in many instances, it is necessary to use formal sensory panels and statistical analysis to detect differences in flavors,

obtain descriptive flavor information, or determine consumer flavor preferences. Determination of detection thresholds for flavor chemicals provides a measure of the potency of flavor provided by individual compounds, and detection threshold values are usually determined using individual representative of the general population. A range of concentrations of a selected flavor compound in a defined medium (water, milk, air, etc.) is presented to sensory panelists, and each panelist indicates whether or not the compound can be detected. The concentration range where at least half (sometimes greater) of the panelists can detect the compound is designated as the flavor threshold. For odorants and some of the tastants (sweet, bitter, and umami), the initial perception event

involves the selective binding (believed to comply with a structural lock-and-key conceptual model) of a flavor molecule to a specific receptor protein in the membrane of an appropriate receptor cell.

BITTER TASTE SUBSTANCES 

Quinine is an alkaloid that is generally accepted as the standard for the bitter taste sensation. The detection threshold for quinine hydrochloride (IV) is about 10 ppm. In general, bitter substances have lower taste thresholds than other taste substances, and they also tend to be less soluble in water than other taste-active materials. Quinine is permitted as an additive in beverages, such as soft drinks

that also have tart-sweet attributes. In addition to soft drinks, bitterness is an important flavor attribute of several other beverages consumed in large quantities, including coffee, cocoa, and tea. Caffeine (V) is moderately bitter at

150–200 ppm in water, and occurs in coffee, tea, and cola nuts. Theobromine (VI) is very similar to caffeine, and is present most notably in cocoa, where it contributes to bitterness. Caffeine is added in concentrations up to 200 ppm to soft cola beverages, and much of the caffeine employed for this purpose is obtained from extractions of green coffee beans that are carried out in the preparation of decaffeinated coffee. Large amounts of hops are employed in the brewing industry to provide unique flavors to beer. Bitterness, contributed by some unusual isoprenoid-derived compounds, is a very important aspect

of hop flavor. The development of excessive bitterness is a major problem of the citrus industry, especially in processed products. In the case of grapefruit, some bitterness is desirable and expected, but frequently the intensity of bitterness in both fresh and processed fruits exceeds that preferred by many consumers.

Citrus fruits contain several of flavonone glycosides, and naringen is the predominant flavonone found in grapefruit and bitter orange (Citrus auranticum). Juices that contain high levels of naringin are extremely bitter.
SALTY TASTE SUBSTANCES
Classic, clean salty taste is provided by sodium chloride (NaCl), but it is also given by lithium chloride (LiCl) which cannot be used in foods because of its toxic properties. In general, salts exhibit complex tastes usually described as consisting of psychological mixtures of classic sweet, bitter, sour, and salty perceptual components. Since foods flavored with these substitutes have different, usually less desirable, tastes than those flavored with NaCl, renewed efforts are being expended to better understand the basic mechanisms of the salty taste and in the development of salt substitutes in the hope that low-sodium products with near normal salty taste can be devised.
SOUR TASTE SUBSTANCES

Sour taste substances are acidic in nature, and thus contain at least one proton that is dissociable in aqueous systems. Although the initial molecular level event in the perception of acidic, sour, or tart flavors involves the binding of protons (H+ ) to receptor cell membrane ion channels that results in closure to Na+ flow and depolarization, the qualitative aspects of the sour taste response are poorly understood. Contrary to popular belief, the acid strength in a solution does not appear to be the major determinant of the sour sensation; rather, other poorly understood molecular features appear to be of primary importance (e.g., molecular weight, size, and overall polarity), and prior empirical experience often determines the selection of acids for applications in foods.
UMAMI TASTE SUBSTANCES

Compounds eliciting this taste sensation have been utilized by humans to improve flavors since the inception of food cooking and preparation. For many years, umami tastants, notably monosodium l-glutamate (MSG; XIII) and the 5_-ribonucleotides (inosine-5_-monophosphate; 5_-IMP; XIV; and guanosine-5_-monophosphate), were scientifically relegated to the category of nonspecific taste

responses because specific taste receptors for these substances had not yet been detected. However, since the discovery of taste receptors for these compounds, umami is now widely accepted as a basic taste response. Umami substances contribute a delicious, mouthwatering taste to foods when used at levels in

excess of their independent detection threshold, and they modify and enhance flavors at levels below their independent detection thresholds. Their effects are prominent and desirable in the flavors of vegetables, meats, poultry, fish, shellfish, and aged cheeses. d-Glutamate and the 2_- or the 3_-ribonucleotides do not exhibit flavor-enhancing activity. Several synthetic derivatives of the 5_-ribonucleotides have strong flavor-enhancing properties. Generally, these derivatives have substitutions on the purine moiety in the 2-position. A synergistic interaction occurs between MSG and the 5_-ribonucleotides in providing both the umami taste and in enhancing flavors, and mixtures of these substances are widely used commercially. There is some evidence to indicate that some of the flavor-enhancing properties of umami compounds result from their joint occupancy of receptor sites involved in perception of sweet, sour, salty, and bitter sensations.
KOKUMI TASTE SUBSTANCES
The Japanese have introduced a separate term, kokumi, to refer to at least part of these chemicals which do not elicit responses for the original four basic tastes or the umami response, but which enhance food palatability by providing what is best described as fullness, complexity, continuity, thickness, and body to food flavors. For example, the principal precursors for the characterizing volatile aroma compounds in garlic and onions are S-substituted cysteine sulfoxide amino acids. Thus, although flavors of foods containing garlic (e.g., pasta sauces, sautéed meats, etc.) may not exhibit readily distinguishable volatile garlic flavor notes, their flavors are perceived as extremely complex, full, and palatable because of the presence of S-(2-propenyl)-l-cysteine sulfoxide.
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FIGURE 14
Enzymatic conversion of leucine to volatiles illustrating the aroma
compounds formed from amino acids in ripening fuits
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