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1.
Introduction
The nutritional and physiological literature on food selection and intake (FSI) provides insight into the etiology of food preferences, combinations and construction.  Elements of sensory perception and physiology find logical expression in the related sciences of nutritional biochemistry, gastroenterology and brain neurochemistry.  The present paper utilizes a heuristic approach to delineate and harmonize relevant FSI elements with overt expressions of food construction, i.e. food product development and cuisine construction.

Human sensory development evolved from nutritional demands and food substrate availability in the environment (1,2).  Foods that supply life sustaining nutrients often contain rewarding properties and easily identifiable sensory markers, e.g., taste, texture, color and aroma (3).  Existence depends upon the ability to recognize, remember, and select an adequate diet.  Therefore, the preparation of highly palatable food, regardless of culture, emanates from basic nutritional needs influenced by sensory perception (memory formation) and conditioned by positive or negative feedback during assimilation (4).

2.
Human Nutrition and Paleolithic Diets
Two classes of macronutrients, protein and carbohydrate, dominate human nutritional need (2).  Although carbohydrate intake may not be "essential", red blood cells, nervous tissue and the citric acid cycle (TCA) require glucose as the major metabolic fuel.  In addition, the carbohydrate metabolite (oxaloacetate) maintains the existence of the TCA cycle, allows fat oxidation and spares unnecessary protein degradation (5).  The 300-350 gram supply of glycogen in liver and muscle, coupled with a daily use rate of approximately 150 grams, imposes a practical requirement for daily glucose or gluconeogenic precursors (6).

Constant protein turnover and lack of adequate amino acid storage necessitates a daily ingestion of proteinaceous foodstuffs (8).  Animal protein, the other paleolithic dietary class, provides high quality protein (and sodium) with bioavailable vitamins and minerals.  Although most fruit and vegetable foods are low in protein quality and quantity (9) and very low in sodium, they provide generous levels of certain vitamins and minerals (e.g. vitamin C, potassium and calcium).  Obviously, the inclusion of animal protein with fruit or vegetables provided a fairly well balanced diet for early man (7).

3.
Food Intake, Reward and Regulation
Food cannot be labeled nutrition until actual consumption and assimilation.  Stellar and Stellar (10) emphasize that motivated behaviors (food ingestion) result from neurobiological mechanisms underlying homeostasis, reward and reinforcement.  Indeed, hedonic responses to food stimuli appear to be prewired brainstem reflexes, although rostral brain structures add greater complexity to the consummatory behavior of the organism (11).  Key regulatory and behavioral aspects of food intake include: 1. innate preference for sweetness; 2. innate aversion for bitterness; 3. rejection of unfamiliar foods (neophobia); 4. preference for variety in familiar foods (neophilia), 5. long delay learning to positive and negative metabolic consequences of food ingestion, 6. regulation of energy, sodium and protein (?) by internal receptors, 7. cognitive, social and cultural factors influence food intake, and 8. appetites for most nutrients are non-specific, imprecise and learned (2). 

Food selection, mediated through the senses, depends upon the visual and oropharyngeal analysis of potential foods (3).  Indeed, the sensory qualities of food provide the natural reward for maintaining ingestion.  When hungry, the intake of nutrients is pleasant, but the pleasantness declines during ingestion and can become aversive (12).

In the following section, the sensory qualities of food and their physiological roles will be examined in perceptual sequence (13).  In developing this outline, several papers contributed to the cephalic generation and condensation of ideas (1, 14, 15, 17, 29).

4. 
Sequential Sensory Perceptions

A.
Visual Anticipation
Color perception cues flavor recognition and intensity, (20).  Indeed, subjects resort to visual cues when evaluating conceptually difficult flavor indentifications in fruit drinks (21).  Williams et al. (22) found that panelists used appearance to override the sensory qualities of aroma and taste in port wine sensory evaluation.  Curiously, Pangborn et al. (23) demonstrated that color influenced sweetness evaluation of wine by trained judges vis-a-vis naive panelists. Thus, in cases of a food stimuli presenting conflicting sensory information (cognitive dissonance), one stimuli (visual) dominates the others (taste and aroma) (24).

The color of foods predicts product quality. That is, they influence the expectation of sweetness intensity, characteristic aroma or desired texture (21, 25).  As such, color becomes an important labeler of quality and any deviation from the norm may activate neophobic mechanisms and food rejection (3).  The typical reaction "Gee, that looks good!", underscores the amygdalic integration of taste, aroma and appearance with hedonic associations and reinforcement (19). 

Rolls et al. (43) demonstrated that alteration in the color or shape of a food may increase food intake by decreasing sensory specific satiety.  Blundell and Hill (26) also found that the sight of good tasting food restored hunger levels and increased appetite in human subjects.  Indeed, Rolls and Rolls (15) discovered neuroanatomical associations between reward (lateral hypothalamus) and the sight and taste of food (amygdala) during hunger.  In addition, visual inspection of palatable food initiates the cephalic phase of digestion by increasing gastrin and acid production in the stomach (27).  Therefore, food shape and color associated with reward and reinforcement anticipate the quality and satiety aspects of food ingestion.

B.
Aroma Association
After appearance, most individuals evaluate food quality using aroma perception (13).  Engen (28) and Beauchamp and Maller (29) suggested that the olfactory sense forms hedonic associations with the gratification of hunger, sex or strong emotion.  Unlike the other classic senses, olfactory information bypasses the thalamus initially for limbic processing in the medial and lateral olfactory areas before secondary tracts pass into the hypothalamus, hippocampus and eventually the neocortex (18).  Once again, aroma, taste and visual input impinge upon the amygdala, a structure sensitive to homeostatic input (trigeminal, hormonal and hunger signals) and responsible for sensory memory formation (19, 28, 30).

Although the olfactory system may be sensitive to low aroma concentrations, sensory studies indicate a lessened ability to discriminate among odorant intensity levels (31).  The flat intensity profile may result from rapid adaptation (32) or perceptual interference from the nasal trigeminal system (33).  In contrast, humans differentiate among thousands of environmental odorants, although the ability to label odorants may be poor (34).  Therefore, hedonic and qualitative aspects of olfaction dominate quantitative perception.

The quality dimension of olfaction greatly expands the number of associations possible with taste aversions and preferences, neophobic and neophilic reactions and sensory specific satieties.  Barker (35), described the four factors influencing aroma memory and storage:  1.  distinctive flavors are remembered better than bland;  2.  duration of contact with working memory;  3.  post-ingestive consequences (primarily taste aversion and conditioning); and  4. repeat flavor rehearsals in successive meals.  Once formed, aroma associations resist extinction and become stored as long term memory (28).

C.
Taste Hedonics
The consumption of energy dominates other nutrient intake mechanisms (36) and in the environment, sweetness can nearly always be equated with energy (37).  Quite clearly, taste drives ingestion, and as Stellar and Stellar (10) suggest, disproportional to what is required by homeostasis.  The arousing, rewarding and reinforcing properties of sweet taste involve opiate receptor mechanisms in the brain (38).

If sweetness signals energy, what are the functional properties of the other basic tastes?  Our vegetarian ancestry, combined with a terrestrial environment low in sodium, implicate the human preference for salt as the other driving hedonic taste stimulus.  Both Beauchamp (39) and Denton (40) agree that salt preference or appetite is innate and molded by evolutionary (nutritional) pressures.

Although the bitter taste sensation signals the presence of poisonous substances in the environment (2), few authors delineate the function of sour taste.  O’Mahoney and Ishii (41) speculate that sour foods may warn of spoilage or might affect the energetics of the citric acid cycle.  Settle et al. (42) also noted that sour tastants frequently stimulate olfaction and trigeminal sensations simultaneously.

Some authorities suggest that the "umami" taste be included as the fifth sensation (44).  According to O’Mahoney and Ishii (41), the umami taste (Japanese for deliciousness) may signal the presence of protein.  Monosodium glutamate (MSG), the 5' nucleotides (5'N), and certain peptides share the umami potentiation of salt taste and an increase mouthfeel sensation (44, 45).

The taste of food also contributes to the cephalic phase of digestion (46) and is an absolute requirement for the formation of conditioned taste aversions (19).  Finally, as Booth (1), Barker (35) and Blass (38) suggest, a neutral odorant acquires hedonic associations through oral stimulation, especially taste.

D.
Texture Contrasts
Food mastication stimulates taste, releases entrapped food volatiles and activates the neural transmission of pain, temperature and texture perception by relaying somatosensory information from the tongue, palate and pharyngeal areas (47).  Pulverizing food increases salivary flow (48), allowing taste solutes to interact with taste receptors conveying intensity and hedonic information (49).  Food insufficiently reduced in size resists absorption and attenuates the normal glycemic curve (50, 51).

Texture contrasts (firm/crisp vs. soft/creamy) in a meal, on the plate, or within a multiphased or uniphased food system enhance the eating experience and reflect upon the excellence of food preparation (52).  Texture variations which affect both appearance and mouthfeel may increase intake by reducing sensory specific satieties (43).

E.
Salivation Response
Saliva plays a pivotal role in hedonic solute (salt/sugar) release by solubilizing and lubricating food particles before swallowing.  Saliva also modifies and dilutes tastants which influence taste perception and the release of flavor volatiles (55).  The lubricating properties of saliva facilitate the occurrence of pleasurable phase changes, solid to liquid (food meltdown), during mastication (52).

Thinking about or viewing food increases salivation prior to consumption (56), although not all researchers concur (57).  Chewing food, sour tastants, and moderate levels of oral trigeminal stimulation greatly increase saliva output.  The trigeminal component of olfaction, and the other basic tastes elicit lower levels of saliva (55).  Interestingly, amino acid infusates (e.g. soy sauce and meat broths) in the stomach activate or release a hormone into the circulation that increases salivary flow (46).

5.
Food Product Development
The process of constructing food products might be simplified by attending to the sensory qualities of food in a sequential manner.  Some considerations include:  1.  Color's major role in flavor anticipation dictates that hue, lightness and saturation be appropriate and consistent;  2.  Aroma quality and distinctiveness dominate intensity manipulation.  Barker's (35) and Rozin's (59) comments on aroma memory and flavor principles should guide flavor evaluation, selection and combination;  3.  Textural contrasts (52) and rapid food meltdown may increase palatability.  Variations in texture, during storage and from batch to batch, increase neophobic tendencies;  4.  Taste, especially salt and sugar, drive ingestion.  Additional spice cannot compensate for sodium reduction (54).  The use of umami and trigeminal spices should be considered in savory food systems;  5.  Foods should evoke saliva and not consume it.  Dry or chewy foodstuffs lessen hedonic solute release and palatability.

6.
Structure of Cuisine
The next section attempts an explanation of certain elements in cuisine design and construction by integrating the sequential sensory perceptions with readings in nutrition, food science and physiology.  Finally, any discussion on FSI must include a few comments on the macronutrient modulation of brain neurotransmitters and the opiate-like properties of certain food proteins.

Culinary behavior involves the voluntary or deliberate manipulations of a foodstuff.  Cuisine, however, reflects the individual style or expression of culinary behavior based on culture and bound by the availability of raw ingredients, cooking techniques and unique flavoring combination known as "flavor principles" (58).  For example, the unique combination of soy sauce, brown sugar, sesame and chile instantly identifies Korean cooking, certainly distinguishable from the Italian combination of olive oil, garlic and basil.  In many of the thirty-six flavor principles listed by Rozin (59), characterizing aromas (lemon, garlic, basil, etc.) pair with umami tastes-glutamates (MSG) in vegetables and 5' nucleotides (5'N) in animal products-considered by some (60) as a natural umami synergy and the essence of cuisine.

a.
Foundation of French Cuisine

Escoffier, the father of French cooking, once exclaimed: "Stock is everything in cooking, at least in French cooking.  Without it, nothing can be done", (61).  The ingredients for a beef stock preparation and the probable effect of each addition include:  1.  leeks, celery and onions, (aromatics, MSG);  2.  beef bones and meat, (amino acids, 5'N, beef aroma, and color);  3.  garlic and parsley, (strong aromatics); and  4.  salt (hedonic solute).

Typically, after browning the beef bones (for added color and aroma), all ingredients simmer for several hours.  Slow cooking extracts the water soluble volatiles from the vegetables while concentrating the entire solution.  The addition of salt at the beginning of the cooking process facilitates conversion of animal and plant ribonucleotides into the taste potentiating 5' nucleotides (62) and releases glutamic acid from the vegetable additions.  Hence, the final result consists of richly colored (visual anticipation), highly aromatic (aroma association) and concentrated amino acid/sodium chloride/MSG (taste hedonics) infusate -- the perfect sensory and gastrointestinal foundation for sauce espagnole, one of the two great French mother sauces (63).  Curiously, soy sauce, the mainstay of oriental cooking, possesses a similar sensory profile-dark color and characteristic aroma with 5' nucleotides, monosodium glutamate and a seven percent salt content (64).

b.
Function of Sauces
Almost every cuisine uses a flavored sauce as part of the culinary presentation of a food.  Sauces usually contain salt, sugar or both, thereby adding predissolved taste hedonics to the covered food.  Many sauces, based on butter (roux) or a similar fat are emulsified through the use of starch, casein or egg yolks.  Emulsified fat aids mastication by lubricating food particles during chewing.  Solutes (sodium chloride) increase the microvilli transport of sugars, amino acids, and water soluble vitamins (65).  In fact, the addition of salt greatly affects the glycemic index of certain foods (66).  Emulsification reduces fat globule size and surface tension for greater triglyceride absorption (67).  By selectively flavoring sauce bases, a chef promotes neophilia by adding variety to a familiar foodstuff.  Hence, a sauce maximizes oral pleasure while contributing to assimilation and satiety (16).

c.
Function of Spice
The addition of spice adds a characterizing aroma to foods, thus affecting the perceptions of neophilia and neophobia (16).  Le Magnen (3) argues that man deliberately uses variety and succession of dishes within the meal as a means of renewing the stimulation to eat; hence, overeating becomes true chemosensory self-stimulation.  Some spices, e.g., pepper, ginger, horseradish and capsicums, add a substantial trigeminal component during ingestion.  Fenugreek stimulates fat digestion by triggering bile secretion (68), capsicums and mustard elevate basal metabolic rate (69) and marjoram adds a distinctive redwood aroma while protecting food lipids from oxidation, rancidity and rejection (70).  The use of capsicums in Mexican cooking illustrates the varied physiological effects possible in just one class of spice.  Capsicums combine distinctive aroma profiles with variety in color and shapes (71).  The pungency compound, capsaicin, adds a sharp and lingering trigeminal component responsible for increased salivation, digestive tract secretions, general food arousal and pain stimulation.  Indeed, capsaicin, once absorbed, actually exhibits systemic neuropharmacologic effects (72).  Zuckerman (73) points out that pleasure (reward) may have two components, one for arousal (catecholamines) and one for stimulating the opiate system.  Ziegler et al.  (74) concluded that trigeminal stimulation contributes to sensorimotor and motivational control of ingestion.  Hence, capsicums may activate and reward their own ingestion!

d.
Food and Wine
Good food and wine mutually complement the pleasures of ingestion.  Indeed, wine contains potent sialagogues (tartaric acid), gastrin secretagogues and a mild hypoglycemic agent (alcohol)-all potent stimulators of saliva, digestion and appetite (75,76,77).  The alcohol and low sodium content of wine maximize hedonic responses to food by clearing the palate of fatty tastes and solutes, thus renewing the lingual perception of each food bolus.  Of course, the ethanol-induced trigeminal stimulation and simultaneous neuropharmacological action, combined with preformed varietal aroma associations, must certainly add to the enjoyment of dining.

7.
Brain Neurotransmitters and Food Peptides
Food ingestion affects neurotransmitter synthesis by providing dietary precursors (78), modulating gut-brain axis activities (79) and influencing autonomic and endocrine effectors (80).  Dietary selection between protein (pro) and carbohydrate (CHO) containing food may involve insulin secretion, tryptophan transport into the brain and serotonin production.  Teleologically, brain mechanisms regulating protein and carbohydrate intake coincide with the paleolithic availability of animal protein and saccharide-containing plant material.  Yim and Lowy (81) implicated the brain's endogenous opiate system in food drive, macronutrient intake and selection (fat/pro/CHO) and reward and palatability.  Gut peptides (cholecystokinin, bombesin, glucagon and somatostatin) secreted in response to food ingestion may actually modulate opiate receptors and hence, satiety.  Although all four peptides reduce food intake, their potencies are influenced by taste stimuli association (82).  Morley and Levine (53) concluded that appetite regulation, analgesia, temperature regulation and acid secretion involve overlapping complementaries and redundancies between the monoamines and peptides neurotransmitters.

Casein (B-casomorphin) and gluten based proteins, upon digestion, generate peptides (exorphins), which exhibit opiate-like properties and may pass n the gut or the systemic circulation.  Although the role of exorphins remains speculative, Reid (12) noted that naturally occurring food preferences may be related to opioid activity in food.  Furthermore, an opportunistic food processor might attempt to capture markets by attending to the opioid content of his products.  Foods based on casein include cream based sauces, milk and fermentation products.  Gluten (gliaden) containing grains include wheat, oats, rye and barley, and the food products based upon them (e.g. soy sauce-a wheat and soy protein digest).

8.
Conclusion
The sensory properties of food, i.e. taste, appearance, texture and aroma, interact with the concomitant sialagogic, arousing and neuromodulatory adjuncts to ensure food selection and repeat ingestive behavior.  Food ingestion, and ultimately, appreciation, involves sensory memory formation through the feedback effects of post-ingestional experience (anticipatory satiety).  Highly palatable food, through culinary manipulation of form and substance, maximizes the naturally rewarding, arousing and perceptual properties of food.

Thus, an appreciation of and attention to the sensory and nutrient qualities of food enables the food scientist, nutritionist or marketing researcher to construct or fortify food ingredients with intention and foresight.
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