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Preface
To the Reader:

In this book, I have tried to simplify and outline the various food pleasure principles as much as
possible in general observations, aphorisms, and theories; I’ve often used bullet points in a
teaching manner.

To the Dietitian: [ would hope these principles may be used to make healthy food taste good. It
is certainly possible! Pleasure is the major driver of food ingestion and behavior, but without an
understanding of the nature of food pleasure and perception itself, no useful modifications to
food can be made. Salt, fat, and sugar, classically considered a nutritional enemy, can still be
used for good.

To the Food Scientist: Sadly, the principles of good food construction are not part of any food-
science curriculum that I am aware of—probably because of the sheer complexity of the subject
and the lack of physiological training in the food sciences. This book, then, may be your first
exposure to the interrelated world of food physiology, psychology, and neuroscience. In your
profession, you create foods that millions eat; use these principles to elevate your own
understanding of good food construction.

To the Professional Chef: Many excellent chefs use the principles described in this book
without actually knowing it; they use tradition, training, and talent in their food design.
Hopefully, I will demystify what you may already know. The time-honored principles of French
cooking were actually the impetus behind my scientific investigation of the “why” of classic
cuisine, which was presented at the 1985 Geneva nutritional conference and published in the
1986 book: Food Acceptance and Nutrition titled: “Physiological and nutritional influences on
cuisine and product development.” Twenty years later, food intake and neuroimaging research
coupled with advances in taste and smell perception have completely transformed the fields of
food science and sensory perception.

“Nothing would be more tiresome than eating and drinking if God had not made them a pleasure
as well as a necessity.”
Voltaire (1755-1826)

Final Note: Any errors in punctuation, syntax, or grammatical correctness are mine alone—
blame them on Sentence Specific Satiety.



Chapter 1: Food Pleasure Theories and Principles

The brain’s pleasure centers prefer salt, sugar, and fat mixtures."*

All of our favorite foods have unknown physiological and neurobiological explanations as to
why we prefer them and why they have endured as best sellers over the years. In fact, I started
studying the psychobiology of the popular snack food Doritos in an effort to understand why this
billion-dollar brand is a huge success year after year in the United States—and many foreign
countries as well. I studied the food intake and chemical senses literature—over five hundred
research reports and four thousand abstracts—in order to discern the popularity of Doritos. In the
process I developed the Food Pleasure Equation (Capaldi-inspired) and, in collaboration with Dr.
Robert Hyde (San Jose State University), the important theory of Dynamic Contrast in foods.

There are hundreds of food palatability theories and influences (and seemingly endless
neurotransmitters, neuropeptides, and hormone effectors). The list we will discuss includes what
I think are the most important and useful food perception theories. In my evaluation process I
used the philosophy of the renowned physicist Albert Einstein, who once said (I paraphrase) that
a good theory must have three properties: it should explain the phenomenon, it must predict
future behavior of the phenomenon, and it must be simple, the simpler the better—but not any
more than that. It is the hope of this author that the principles enumerated below will help
explain why you eat what you eat (food enlightenment), elevate your own cooking prowess (it’s
fun to prepare meals for your friends), and perhaps even make good-for-you food tasty and
delicious. Please note that not all researchers will agree with my list, and some may not even
want to be associated with the phenomenon—but after twenty years of giving lectures and talks,
I think it is both honorable and heuristic to put names behind the science.

In 1825, a French lawyer, Jean Anthelme Brillat-Savarin, wrote a brilliant treatise on food and
philosophy called the Physiologie du Goiit. Quite ahead of its time, and still quoted today, The
Physiology of Taste contains insights and musings on the sense of taste, food pleasure,
gastronomy, coffee, chocolate, and even the first description of the “umami” taste of MSG
(called the osmazome). I found his work inspiring (see my chapter on chefs), and I have tried to
update his treatise with this current work using the very latest research in food science and
neurophysiology—just as he predicted in the first chapter of his book. For a complete copy of his
work on the Web, see http://etext.library.adelaide.edu.au/b/Brillat-Savarin/savarin/b85p/.

The following is a list of the most important food palatability theories of particular interest to
food scientists, chefs, dietitians, and those who just like to cook. This is not in order of
importance, but merely a listing. I selected these sixteen theories from over a hundred published
food-perception phenomena in the scientific literature. I believe they explain most of the food
behavior we see in our daily life.

Major Food Perception Theories

1. Food Pleasure Equation (Hyde/Witherly)
a. Sensation Plus Calories
b. Taste Hedonics
c. Emulsion Theory


http://etext.library.adelaide.edu.au/b/brillat/savarin/b85p/
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10.
11.
12.
13.
14.
15.
16.

d. Salivation Response

Dynamic Contrast (Hyde/Witherly)

a. Ping-Pong Pleasure Contrast (Hyde)

b. Tostada Effect (Witherly)

c. Meatloaf Effect (Witherly)

Sensory Specific Satiety (Rolls) or “Variety Effect”
Supernormal Stimulus (E. O. Wilson)

Evoked Qualities (Hyde) a’k/a Emeril “BAM!” Effect
Flavor-Flavor Learning (Pliner)

Mere Exposure Effect (Pliner)

Taste-Aversion Learning (Bernstein/Rozin)

P. Rozin’s Principles of Food Likes and Dislikes

a. Disgust Theory

b. E. Rozin’s Flavor Principles

Energy Density Theory (Drewnowski)

Vanishing Caloric Density (Hyde)

Post-Ingestional Conditioning (Booth, Capaldi)
Human “Cookivore” Theory (Wrangham)

Aroma and Essential-Nutrient Encoding (Goff and Klee)
“Liking” Versus “Wanting” Theory

The Stomach: the Second “Taste” System

Six Most Important Food Theories:
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Taste Hedonics (salt, sugar, and umami)

Dynamic Contrast (food arousal and surprise)

Evoked Qualities (when food sensory properties evoke past memories)
Food Pleasure Equation (Food Pleasure = sensation + macronutrients)
Caloric Density (humans like food with a CD of about 5.0)

Emulsion Theory (taste buds love foods in emulsified forms)

Food Perception Theories

The reality is that scientists know very little about food choice or preference.* Food pleasure
appears to involve both the opioid and cannabinoids reward circuitry that interact in complex
ways.” Moreover, if we wish to understand the nature of overeating and obesity we must explore
the science behind what makes food taste good.®

1. The Food Pleasure Equation

A.

“O taste and see that the Lord is good.”
Psalms 34:8 (NASB)

“You are the salt of the earth; but if the salt has become tasteless, how will it be made salty
again?”
Matthew 5:13 (NASB)

Food Pleasure = Sensation (Taste, Aroma, Orosensation) + Calories (Macronutrients)




Sensation plus Caloric Stimulation

+«»+ Gustation (taste)

»  Salt, MSG, 5’Nuc. %+ Protein
= Sweet = Casomorphins
=  Fat Taste = Gluteomorphins
=  Vanilloid activation =  Amino acid stimulation
=  Water Taste ¢+ Carbohydrates
% Olfaction (Smell) * Sucrose
=  Aroma (pure) =  Glucose
=  Trigeminal = Fructose
% Dynamic Contrast (Feel) . = Starch
* Temperature change % Fat
* Snap, Crackle & Pop * Linoleic Acid
» Texture Contrast = Linolenic Acid
= Rapid Meltdown = Omega-3’s?
< Supernormal Stimulus <+ Caloric Density
=  Wansink Effect = Vanishing Caloric Density
% Variety Effect (SSS) (Hyde)

Food pleasure is a combination of sensory factors (sensation) and caloric stimulation by the
macronutrients (protein, carbohydrate, and fat). Sensory factors that most contribute to pleasure
are salty taste, sweet taste, umami taste, and orosensation from the oral cavity (feeling). Aroma is
important in food discrimination but not a primary hedonic driver like taste. Dynamic Contrast in
the food plays a major role in food pleasure (texture and taste contrasts, food meltdown, and
temperature changes).

The body regulates all three macronutrients with intricate feedback mechanisms—but uses the
total amount of calories as the general sensor. And as we will learn, high caloric density foods
are preferred over lower—brain scans show a reduced hedonic response when subjects view a
plate of vegetables versus a higher calorie alternative. Depressing, isn’t it?

The Food Pleasure Equation postulates that the brain has the ability to quantify the pleasure
contained in an eating experience as performed by certain dopamine neurons in the brain and the
sensing of calories by the gut. When you have a food choice, the brain actually calculates how
much pleasure will be generated during the eating and digestion of a particular food. The goal of
the brain, gut, and fat cell is to maximize the pleasure extracted from the environment, both in
food sensation and macronutrient content. If a food is lowered in calories for health reasons, the
gut has the ability to sense this, and the food will become less palatable over time (think frozen
yogurt or light potato chips). To keep the food pleasure elevated, one must add additional
sensation, e.g., more taste, greater dynamic contrast, or added orosensation. The biggest mistake
I see in the commercial marketplace is creating a light food (that tastes and looks exactly like the
original) without adding more pleasure sensation(s). Given the choice of two foods exactly alike
in sensory terms, the brain, with instructions from the gut and fat cell, will always choose the
higher-calorie original.



B. Taste Hedonics

As mentioned above, certain solutes (salt, sugar, MSG, and the 5’-nucleotides in solution) in
foods contribute most to food pleasure. In numerous studies, we find that the taste of sugar,
particularly sucrose, and salt drive taste hedonics and ingestion. Monosodium glutamate (MSG)
taste, or “umami,” is now firmly entrenched as the fifth hedonic taste. Umami means
“deliciousness” in Japanese and is believed to signal the presence of protein in your mouth.
Protein, by itself, does not have much taste (try chewing on a raw steak if you are a skeptic).
MSG, interestingly, does not have that much taste on its own either; kind of brothy and a little
salty, but add sodium chloride to it, and the hedonic flavors just explode!

C. Emulsion Theory

Taste buds (and higher-order brain structures) like the taste of emulsions, whether they are salt-
fat or sugar-fat combinations. The most agréable foods are true emulsions, whether they are
butter, chocolate, salad dressings, ice cream, hollandaise sauce, mayonnaise, or créme. One
major reason for this is the concentration effect of the hedonic taste solutes when made into an
emulsion. For example, butter is about 2.5 percent salt by weight, but this level of salt is
concentrated into the 15 percent water phase of the butter emulsion. In effect, the true salt
concentration is 10 percent—a true hedonic salt rush.

French chefs are masters of emulsion creation, and the humble mashed potato is no exception. In
the French Laundry Cookbook (p. 86), Thomas Keller describes the exacting technique of using
a chinois (cone strainer) to create the perfect emulsification of potatoes, butter, and cream—or
pomme purée. Chef Rowley Leigh, food columnist for the Financial Times USA, writes about the
extraordinary (unctuous) mashed potatoes of French chef Joel Robuchon—finest ratte waxy
potatoes emulsified with equal parts of unsalted Normandy butter.’

D. Salivation Response

My salivation theory states that we prefer foods that are moist or evoke saliva during the
mastication process. Saliva is critical for hedonic solute contact with taste buds; simply put, no
taste, no pleasure. Saliva also fosters food lubrication and enhances the entire eating experience.
Even dry foods like saltines have salt on top and a flaky texture that fosters salivation as it melts
down in the mouth. Add fat to a dry food (potato chips are 50 percent fat calories), and you have
additional oral lubrication—the perfect “salivation” food. Thin potato chips have a texture that
melts down very quickly and stimulates salivary flow. The tastiest foods should evoke saliva or
at least provide lubrication and moistness. Culinologists and great chefs know this secret. French
chefs are masters of food saucing; Chinese (and Asian food in general) and Indian cuisines are
almost entirely finished with a sauce or glaze.

We have all experienced “mouth watering” when presented with tasty food, especially when we
are hungry. Salivation is tied into the whole experience of eating. And Temple et al. (2006)
found that as we eat more of the same food, we secrete less saliva—we are actually habituating
to the food in a manner similar to Sensory Specific Satiety.8 This amazing response actually
means the food becomes less pleasurable as you continue to eat it, and you salivate less! Taken
to another level, this means that superior cuisine that keeps you stimulated with texture, colors,
and taste will not allow this salivation habituation response to occur. In fact, salivation to a food



may be an independent measurement of how much you like it. (Dr. Robert Hyde and I performed
a number of salivation experiments under the direction of Professor Rose Marie Pangborn at UC
Davis.)

2. Dynamic Contrast (DC)

“So because you are lukewarm, and neither hot nor cold, I will spit you out of My mouth.”
Revelation 3:16 (NASB)

The Witherly and Hyde theory of DC states that people prefer foods with sensory contrasts—
light and dark, sweet and salty, rapid meltdown in the mouth, crunchy with silky, and so on.
Temperature changes in the mouth are also highly arousing and pleasurable. “Ping-Pong
Pleasure” refers to an ingestion pattern, in which people tend to alternate between foods that
cleanse the palate, like drinking beer (which is low sodium) with salty snacks, or wine with food
(wine is very low sodium and acidic). Studies indicate that the brain has a craving for novelty,
which produces a “thrilling effect” via the release of brain opioids (endorphins).” In fact, we used
to call our theory “dynamic novelty,” wherein the mouth delights in texture, flavor, and
orosensory novelty. In 2006, Biederman and Vessel proposed that humans are “infovores”;
where pleasure systems (using mu-opioids) actually guide human behavior for learning (and
preference for novelty) in a constantly changing or challenging environment—hence, the
addictiveness of video and Internet gaming.” In the same way, gustation and orosensation excite
mu-opioids in the medial and forebrain sections (our pleasure centers), guiding our pleasures of
ingestion.

Many foods with high DC have the same feature, which I call the Tostada Effect—an edible
shell that goes crunch followed by something soft or creamy and full of taste-active compounds.
This rule applies to a variety of our favorite food structures—the caramelized top of a créeme
briilée, a slice of pizza, or an Oreo cookie—the brain finds crunching through something like this
very novel and thrilling. No doubt, higher-order brain mechanisms release opioids—and
probably a separate population of neurons distinct from the activation of the classic taste centers.
This phenomenon name is derived from the only dish that I cooked in college that was popular
with my roommates—sometimes we would eat it once a week. (Cooking the tostada shells can
be hazardous; one roommate, while trying to deep-fry the corn tortilla, ignited the paper-towel
rack with the hot oil. A well-aimed dousing with beer saved the apartment.)

The exact opposite of adding contrasting flavors, textures, and tastes is what I call the “meatloaf
effect”, affectionately named after this most quintessential American dish that evokes sensory
yawns and feelings of apathy—a taste bud dud. Top French chefs know this effect well and take
great lengths to reduce or eliminate it entirely. Thomas Keller is one of the best at this—he
crafted the French Laundry and Bouchon Cookbook recipes to eliminate the accidental blurring
of sensation and diminution of pleasure. (See my chapter on secrets of the chefs). The meatloaf
effect is very prominent in canned foods or in stews and soups that sit around for a long period.
The intense heating called retort processing or, to a lesser extent, aseptic processing, transforms
fresh and bright looking ingredients into muted colors and unidentifiable flavors. Not only does
the meatloaf effect reduce food pleasure, but consuming such foods creates a bad-food memory
complex. To this day, the taste and smell of a tinny, canned vegetable evokes the sensory
shudders of my youth. Julia Child writes of this effect as well and provides culinary guidance on



how to eliminate it.'"’ She describes culinary techniques that transform ordinary canned beef
bouillon into a tasty brown sauce. I often use Thomas Keller’s favorite (fresh thyme and bay
leaf) flavoring complex to revitalize sauces that use canned chicken or beef broths.

3. Sensory Specific Satiety (SSS)

SSS is a very important theory in food pleasure appreciation. It states that as we eat food, the
pleasure response to the sensory properties of the food decreases within minutes. This involves
parts of the brain (orbitofrontal cortex) that sense the taste, aroma, texture, and even visual
aspects of foods.'' A decrease in pleasure response is the body’s way of encouraging the intake
of a wide variety of foods—differing in flavors and textures. The opposite or reciprocal of SSS
has been called the “variety effect” or the “smorgasbord effect,” wherein we eat more when
presented with food variety. The SSS effect is quite rapid (as little as ten minutes) and has
culinary implications for creating the most interesting and pleasurable food. Thomas Keller (of
French Laundry fame), understands this effect, he calls it the law of diminishing returns, and
specifically designs his tasting courses to counteract this negative effect on food pleasure.'

4. Super Normal Stimulus or Super Size Me

This is a long-held biology principle stating that rare and important stimuli in the environment
(like energy-dense foods) become magnified and more desirable (or Super Normal) if made
larger than expected—Iike a supersized order of French fries or the 1,400 kcal Monster
Thickburger. Meat is a valuable and precious macronutrient in our evolutionary past, and half a
heifer on a bun is visually exciting and stimulates the overall ingestive response. Several studies
indicate that big portions excite the palate, and people just eat more. Although the super size
phenomenon is waning, big portions are still the norm in many restaurants. Many of our favorite
foods are supernormal combinations of salt, fat, and sugar that exceed anything available to our
wandering ancestors. We evolved to crave these valuable and rare nutrients. Hence, we respond
with an exaggerated eating response (hyperphagia) to the super normal sundae.

Super normal stimuli exist in other avenues, such as the entertainment world. The cartoon
drawing of Jessica Rabbit (from the movie Who Framed Roger Rabbit) and, to a more limited
extent, Barbie, are popular examples of obvious accentuation of physical attributes beyond
normal physiological probability, with the intent of enhancing female desirability. For a
discussion on this phenomenon, see E. O. Wilson’s book Consilience: The Unity of Knowledge.

Brian Wansink, marketing professor at Cornell and author of Mindless Eating, has studied this
phenomenon and found that portion size can even supersede taste as a driver of ingestion.'?
Similar to the supersize phenomenon in fast food, he found moviegoers given popcorn in large
buckets ate 34 percent more. I can’t wait to read his book.

5. Evoked Qualities (EQ)

Dr. Robert Hyde’s hypothesis states that the act of eating food creates memories, not only the
sensory properties of that food, but the event of eating, and even the people you ate with. This
food-environmental experience creates a permanent memory engram. Later on, this memory can
be “evoked” or relived by exposure to the sensory properties of the food or one’s mere presence
in the same environment. Food cravings are often triggered by sight, smell, and caloric memories



of restaurants past. One EQ example is Emeril’s ubiquitous use of his excellent “Original
Essence” seasoning—or “BAM!” spice blend. It contains a number of culinary spices (onion,
garlic, Italian herbs) whose aromas evoke past memories of food ingestion and happy times. And,
according to the theory, one does not need to be consciously aware of the underlying memories
being recalled. Neuroscientist Sarah Leibowitz has also noted that every food experience creates
a sensory memory response to the food, the caloric level, and the social surroundings.'* Another
example is Chef Thomas Keller, who reminisced that every time he prepares onion soup it brings
back memories of every bowl of soup he has ever consumed.'

6. Flavor—Flavor Learning

This theory states that food preference to a neutral stimulus that is paired with a preferred flavor
or taste, will increase liking for the previous neutral or even disliked food.'> An example would
be adding sugar to oatmeal to induce preference or the use of garlic in a vegetable to induce
liking (works well with kids). This should not be confused with post-ingestional conditioning,
which is caloric-induced liking to a food after digestion.

7. Mere Exposure Effect

In studies on food preference, the mere exposure to a sensory stimulus (so-called neutral stimuli)
will increase familiarity and liking.'® Familiarity actually increases liking more than contempt as
we acquire tastes for things over time with repeat exposure. As an example, kids may not like
broccoli, but if you keep exposing them to it, for instance, by just placing it on their plates, liking
will occur even without ingestion. In time they will at least try it; and if it is made tasty (butter,
garlic, and salt), kids will be enticed to consume it. Once consumed, the calories (butter or
cheese sauce) will help burn-in permanent liking. We call this post-ingestional conditioning (see
below).

8. Taste-Aversion Learning

This principle states that food ingestion with negative gastrointestinal side effect creates a
permanent flavor or taste-aversion to that food."” It is likely that all of us have about half a dozen
of these aversions buried in our brain stems. An easy way to acquire one (and I have not, of
course, done this personally) is to drink too much, get sick, and throw up—alcohol is a gastric
irritant, and all those interesting flavors and tastes on the way up become instant food aversions.
Also known as the “Southern Comfort Effect” in the not-so-scientific food intake literature,
certain sweet liquors, or drinks with umbrellas, can slow gastric emptying, allowing alcohol a
longer and more damaging gastric contact time—with sometimes unpleasant results (vomiting).
Once during a lecture on food aversions, an executive came to the podium and confided that his
company is aware of this sugar-gastric-irritation phenomenon and is developing a line of less
sweet alternatives.

9. Rozin’s Fundamental Principle

Food psychologist Paul Rozin suggests that it is easier to dislike a food than to learn to like it.
His observation is an important protective feature of the human omnivore, where we eat anything
and can be poisoned by everything! Children, with lower body weights and less developed
detoxification systems, become very picky and prone to eat the same foods over and over.



Pregnant women, with a developing fetus, must be very selective with foods—especially novel

ones, where even small amounts of ingested food can have lasting biological effects.

a. Disgust. This is a powerful motivation to reject food because the food tastes bad or is
considered dangerous (a worm in an apple).18 A basic, core emotion, disgust involves the
sense of taste, perhaps gastric nausea, and stereotypical facial (disgust) expressions—yuck!
This factor is probably largely overlooked in food likes and dislikes—most of which are
based on texture and animal products. My favorite examples of disgust from Rozin’s
research include his attempt to get adults and kids to consume a cockroach-in-a-drink (after
the cockroach has been removed) or his request for people to drink apple juice from a bed
pan—now that’s disgusting.

b. Elisabeth Rozin’s Flavor Principle. An outstanding cook and food anthropologist, Ms.
Rozin observes that cuisines have core techniques and flavors that define their character
(sensory signature). Cuisine-curious cooks may want to check out her cookbooks (7he
Flavor Principle Cookbook, now known as Ethnic Cuisine, and Crossroads Cooking) and
try preparing the flavor signatures of various cuisines. The function of Flavor Principles is
to allow people to experience novel foods in their diet without inducing neophobia, or
rejection. In Asian cuisine, for example, adding soy sauce to a new dish brings back the
familiar and encourages food exploration. Here is an example of a flavoring principle:
Indonesian cuisine is characterized by a combination of soy sauce, brown sugar, peanut,
and chile. So by recreating this combination of flavors and ingredients you have formed the
flavor “signature” of that cuisine. (For college students and serious foodies, reading
anything from Paul and Elisabeth Rozin will advance your culinary and sensory
knowledge.)

10. Energy Density (ED) Theory

Adam Drewnowski (nutrition and sensory expert) has discovered in his research that high energy
density food is associated with high food pleasure. In addition, energy-dense foods are tasty but
not filling, whereas foods with low energy density are more filling but less tasty.'> Although
humans never evolved in an energy-rich food environment (with the exception of nuts), but we
crave the calorically dense foods when we see or sense them—we call this modern fast food.
Even French cuisine techniques increase the tastiness and density of foods with butter and
cream—visit the mashed potatoes recipe of Puree de Pomme de Terre in the Bouchon cookbook
(page 250) to get the idea. His preparation technique is worth noting; it creates an emulsified
potato mixture with rapid meltdown on the palate.

Energy density is a number from 0-9, and it is calculated by dividing calories (kcals) by the
gram weight of a food. Foods’ ED ranges from water (0) to pure vegetable fat (9). Most
vegetables are near 1, meats climb to 2-3, fast and junk foods hover around 4.0-5.0, and butter
climbs to 7.2.

11. Vanishing Caloric Density

A hypothesis by Dr. Robert Hyde states that we tend to like foods with high oral impact, plenty
of taste and dynamic contrast, but with low satiating ability or immediate gastric feedback. Now,
few foods qualify (meringues, diet soda, cotton candy, and pretzels), but popcorn is perhaps the
best example. Buttered, salted popcorn is very tasty, and you can eat a lot of it, repeat oral



stimulation, since it isn’t that filling. In fact, I’ve seen some people actually accelerate their
eating rate due to the absence of gastric satiety. Eating a whole bowl of popcorn for dinner is not
a rare occurrence. Foods that exhibit this rapid (oral) meltdown response may actually signal the
brain that the food being ingested is lower in calories than it really is. The reduced satiety
response to high dynamic contrast foods (ice cream, chocolate, and French fries) may partially
explain Dr. Drewnowski’s observation that energy dense foods that meltdown rapidly in the
mouth, often lack satiety. Hence, foods that quickly “vanish” in the mouth are more rewarding,
reduce gastric satiety, and encourage over ingestion.

12. Post-Ingestional Conditioning

“The belly rules the mind.”
Old Spanish proverb

Consuming the macronutrients (fat, protein, and carbohydrate) will quickly condition the human
(and animals) to prefer the taste of that food. Sweet foods condition readily, sometimes after one
pairing—sweet taste is a reliable and potent inducer of mu-opioid in the brain reward center.
Foods high in fat calories also condition readily; studies reveal that feeding people yogurts with
higher fat content will condition the food flavor faster and stronger. This is part of the problem
with junk food—unusually rich in taste-active components like salt, fat, sugar, and umami, with
high caloric density, they readily create potent food preferences. As food is digested, receptors in
the stomach and intestines relay information on the food to the brain via direct contact with the
vagus nerve, resulting in the release of many different peptide hormones. High-fat foods are
particularly bienvenue; specific hormones relay fatty acid information (calories) to the brain and
the fat cells. There are plenty of peptides in the brain that respond to the presence of fat. Such
peptides include orexin, galanin, leptin, and insulin. In the appetite center, certain peptides are
released that can stimulate the taste for fat (opioids, galanin) and carbohydrate (neuropeptide Y)
and encourage hyperphagia (overeating).”

13. Human Cookivore Theory

Richard Wrangham, professor of anthropology at Harvard University, noticed the close
evolutionary relationship between humans and fire over the past five hundred thousand years.”'
Cuisine may be in our genes. Cooking made modern man and influenced gastronomy, nutrient
assimilation, and flavor preferences. There is much evolutionary support for this theory: human
stomachs are smaller than primate herbivores, and we prefer nutrient-dense foods. Although our
olfactory receptors have degenerated over the past hundreds of thousands of years, our higher-
order aroma brain processing (secondary and tertiary areas) has actually increased. Aroma
perception touches more parts of the brain than any other sense. The use of fire greatly expanded
what we could digest and eat safely. This, in part, explains our seemingly built-in liking for the
smell of smoke and BBQ—it’s the smell of survival! To this day, hickory smoke can give me
pleasure chills—similar to a favorite piece of music.

Scientists have discovered “meat-adaptive” genes in humans that were a very important
nutritional adaptation to meat eating. Human ancestors ate meat as long as 2.5 millions years ago,
and despite what we currently think about meat and bad health; these gene changes protected us
against the adverse consequences of a higher protein diet (high cholesterol and iron). Chimps and
other apes that are fed our type of fast food diet clog their arteries very quickly—while we are
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relatively resistant.”? I’ve also expanded Wrangham’s cookivore theory a bit to include
fermentation aromas. Fermented foods and their aromas can also signal survival, whether it is in
the form of cheese, beer, wine, miso, or Kimchi.

Further evidence for the cookivore theory comes from researcher Peter Lucas, author of Dental
Functional Morphology, who suggested that cooking makes food softer and easier to chew, and
the use of utensils makes cutting food much easier, thus reducing the need for a huge jaw.”
Bernard Wood, a paleoanthropologist at George Washington University, believes we are
evolving to eat mushy food.”* Actually, we are evolving to eat cooked foods, prepared in ways to
increase caloric density.

Zoologist Desmond Morris in the now-classic Naked Ape, says that humans are meat-eating
carnivores, but have kept their plant-eating ways (like all other primates) for the pleasures of
food variety and the hedonic taste of sugar.” Typical primates have a wide and diversified palate
of tastes and flavors from plant foods, consuming roots, leaves, flowers, shoots, and fruits with
deliberate and obvious relish. Desmond also suggested that we prefer warm or hot food,
primarily to increase food flavor generation—a strict meat diet is simply too boring. Hence,
humans are mostly meat-eating omnivores, who like to consume plant foods for variety, flavor,
and sweet taste (energy). Most importantly, we like to cook these foods together. This is, in
effect, the foundation of modern cuisine (it’s in our genes).

14. Aroma and Essential Nutrient Encoding (Goff and Klee)

This novel theory states that human olfaction and the perception of essential nutrients in plants
co-evolved in a mutually beneficial way.** Many plants derive their volatiles from essential
nutrients such as vitamins, minerals, and fatty acids. Their detection and perception may have
helped guide human olfaction—fine-tuning the olfactory system to detect useful aromas. This
fits in well with the cookivore theory. As we have seen, over hundreds and thousands of years of
evolution our olfactory discrimination may have degenerated, but higher-order olfactory
pathways were fine-tuned to pay attention to survival aromas in the environment: detecting food,
foes, and sex. The authors suggest that volatiles that signal nutritional significance (Vitamin C,
B-vitamins, and carotenoids) are epigenetically (pre-programmed) preferred—and this has very
important food pleasure implications—especially in flavor manufacture and cuisine design.

15. “Liking” Versus “Wanting” Theory

Neurophysiologist Kent Berridge suggests (with strong scientific support) that our desire for
food (and drugs) must be distinguished into two separate phenomena: /iking, or pleasure induced
during eating, and wanting, the (non-hedonic) desire to choose that food.?” Berridge’s work is
tough reading and difficult to understand because it is not biologically intuitive. (But the good
doctor is always quick to answer my e-mails when I need further clarification.) In an article on
liking vs. wanting, scientist David Mela (2006) explains that the key to understanding food
behavior involves physiological cues, anticipated pleasure, and external cues (conscious and
unconscious).?® He says that oral pleasure is not the only food-purchase criteria; the other
dimension is a desire for “wanting” that food based on a non-hedonic choice. He suggests that
wanting may be related to the experience of food boredom—we simply want food with differing
sensory properties. Low calorie foods, he hypothesizes, must be optimized for both wanting and
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liking. Why is this important? Well, it is fairly easy to measure and to manipulate how much you
like something, but measuring how much you want something, especially when you are not
aware of it, is quite another matter! Mela believes that this new dimension of wanting is a major
factor in purchase intent and deserves much more serious study. In the future, manipulation of
food “wanting” may be a major product development endeavor.

Berridge and his colleagues disclose that the intense liking of sweetness is due to mu-opioid
stimulation localized in the rostrodorsal region of the nucleus accumbens shell (a pleasure circuit
in the limbic brain) and the ventral pallidum.29 Dopamine was widely believed to be the major
pleasure neurotransmitter in the brain, but this may not be the case at all. Mice that are bred to
have no brain dopamine still experience pleasant taste, however, they lack the will to work for
it.*’ Shimura et al. (2006) also found that GABA, opioid, and D, receptors in the ventral
pallidum (brain pleasure structure) are involved in the consumption of hedonically positive taste
stimuli.*® The authors suggest that many common motivated behaviors activate the ventral
pallidum such as consuming food, mating behavior, sexual activity, and in the liking for number
of drugs such as alcohol, heroin, and cocaine. The brain pleasure response, it appears, likes to
share a final common pathway.

16. The Stomach: the Second “Taste” System

| Thermoreceptors \
| Osmoreceptors |/'

Mechanoreceptors |

Nutrient receptors |

Pressure and pain receptors |

Many chefs and food scientists have focused on the oral cavity as the major dictator of what we
eat. The tongue does contain many thousands of taste buds and chemoreceptors that constantly
monitor the gustatory and orosensations of the food we eat, and they certainly guide food
selection and pleasure. But this view of oral fixation changed when researchers found that the
stomach and small intestine have the great ability to sense what we eat as well—in fact, these
organs contain many more “sensing receptors” than our taste buds! The stomach, small (and
even the large) intestines’ major roles are to evaluate incoming food (called a bolus), facilitate
digestion, and prevent you from ingesting potentially toxic compounds. I became aware of the
importance of “stomach sensing” from a presentation in Geneva by the physiologist N. Mei in
1986. He was one of the first to note the amazing richness and complexity of the sensory
information arising from the digestive territory.31

The stomach and small intestine have the following systems to evaluate what is consumed:
1. Mechanoreceptors. These receptors located in the mucosa and muscular layers sense the
distention or contraction of the digestive wall.
2. Chemoreceptors. These receptors are sensitive to all three main types of nutrients:
carbohydrate, amino acids, and lipids. In addition, they are pH responsive to acids or
alkali substances.
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3. Thermoreceptors. The stomach can sense the temperature (and the intensity) of the
nutrients and the water of the food eaten.

4. Osmoreceptors. The stomach can sense “osmolality” or the number of dissolved particles
in solution. If one consumes a very high sugar and fat food, the stomach secretes water in
an effort to dilute the contents to lower the osmolality back to normal. This can stress the
stomach lining, and cause a feeling of malaise (upset).

The wall of the gut has an impressive array of sensors that can relay information to the brain
stem and ultimately to the sensory cortex of the brain (right next door to the taste areas). The gut
has nutrient receptors for: sodium chloride, amino acids, fats, fatty acids, glucose (especially
rich), and other simple sugars. In fact, the intestine may have more taste receptors than the oral
cavity, and non-nutrient receptors abound as well. These receptors sense the volume of food,
osmotic pressure, the temperature of food, the size and shape of food particles, and mucosal
touch. All these sensors have the following main functions—to sense what was eaten, prepare the
gut for digestion, create a gastro-sensory memory, and alter food selection in future meals. This
is accomplished by direct neural intervention with other body organs and a large number of
hormonal signals released by gut tissue. For example, the stomach and intestine may “taste”
glucose and amino acids and relays this information (via nerves) to the pancreas and the liver to
increase blood insulin and other post-digestive hormones.*

Gut-Brain Axis***

The gastrointestinal tract and nervous system, both central and enteric, are involved in a
complicated, two-way communication by both parasympathetic and sympathetic nerves,
cholinergic fibers, and dozens of peptides and hormones. We will not deal with details here, but
suffice it to say that sensors in the gut relay information during food digestion via vagal and
sympathetic spinal nerves to the central nervous system. This input is affected by the nature of
the food stimuli (protein, fat, and carbohydrate) and neuro-hormonal stimuli such as gut
hormones, neurotransmitters, and modulators as well as cytokines and microbial end products.
The stomach and intestine, therefore, are the body’s second chance to evaluate the taste, volume,
osmolality, and nutrient composition of chewed food and relay this information to the brain. In
addition, the stomach secretes hormones such as ghrelin, a powerful appetite stimulant that slows
metabolism and inhibits fat burning as well. Dieting causes a rise in this appetite-stimulating
hormone, and the more weight you lose the greater the rise. The body doesn’t want you to lose
weight; this is just one protective mechanism against starvation.

Importance of Stomach Sensing

For years food scientists have created a whole new category of foods that are light in fat, salt, or
sugar (or all three). Despite the unpopularity of some of these foods, they still proliferate in the
marketplace. And they certainly have their place in our society, as healthier alternatives to junk
food. But making a light version of a nutrient-dense food is sensorially difficult, due to the
ability of the stomach and intestinal to sense calories. Once you eat a food, the vast array of
sensors in the intestine calculate the taste and macronutrient content and relays that information
to the brain via vagal afferents to the nucleus of the solitary tract (among others) and then to
higher-order brain centers. In essence, the gut-brain axis knows the nutrient density of that food;
and if you try to fool the stomach by creating the exact same taste but with reduced calories, the
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body’s natural reaction is to lower food hedonics and, over time, food selection. Remember the
craze over low-fat yogurt? Shops popped up everywhere, until the stomach-learning mechanism
dropped the food preference and forced us back to ice cream (read that: Cold Stone!). Of all the
nutrients that condition food preference, the strongest associations are made from fat- and sugar-
containing foods, preferably in the emulsified form.

A number of years back, I was giving a lecture on food preference, and a food scientist in the
audience asked what I thought about the new Border Lights menu, developed to great fanfare at
Taco Bell in 1995. In a move that made the food police happy (including Michael Jacobson,
Center for Science in the Public Interest), the taco giant, owned by PepsiCo, introduced fat- and
calorie-reduced versions of tacos, burritos, and taco salads, a healthy alternative for more than
half of all their offerings. Two years of development and $75 million in advertising went along
with the food revisions. At the time, John Martin, the chairman and chief executive of Taco Bell,
suggested the move would transform the fast-food industry. He even suggested that the menu
would become a $5 billion opportunity in ten years (quite the optimist).>

So what did I think? Well, I visited the local Taco Bell and tried each one of the foods; I noticed
that they were good copies of the regular menu items, but in each and every case, the foods were
lower in dynamic contrast and hedonic solutes. The company made three very serious mistakes.
First, the brain and gut have a memory of the foods eaten in the past, including the taste and the
calories. Second, by removing the fat and modifying the ingredients, there was less meltdown,
less aroma, less flavor, and increased rubberiness and cardboard notes. (For example, starches
replaced milk fat, cheese became nonfat, and the tortillas were baked—ugh!) Finally, I could not
find any increased sensation to make up for the calories lost, as should occur based on the food
pleasure equation. I told the audience that Taco Bell would lose 50 million bucks. I was wrong; it
was double that. Now, don’t get me wrong; I like Taco Bell food (it sustained me in college), and
I don’t wish to be too harsh (their Mexican pizza is high in dynamic contrast and quite tasty).

But an awareness of the basic principles of food perception, appreciation, and digestion would
have helped enlighten the product development process and increased the probability of success.

Summary: The Big Six

Foods that are considered delicious and desirable have the following characteristics; look for the
application of these pleasure qualities in the chapters that follow. Our favorite foods usually
combine most, or all, of the following in a single food.

1. Taste Hedonics. Foods must contain salt, sugar, MSG, and flavor-active compounds.
Preferably all of the above at the physiologically correct amounts: salt at 1.0-1.5 percent, MSG
at 0.15 percent, and 5’-nucleotides at 0.02 percent. In sugar systems, salt will always improve the
overall taste hedonics; 0.25 percent salt is usually sufficient. Taste is a major driver of ingestion
and pleasure in food, but it only accounts for less than 10 percent of all the sensation from the
mouth to the brain. Food must also excite thermal (hot and cold), tactile, texture, fatty acid, and
pain receptors. And there are many lesser known hedonic solutes yet to be discovered.

2. Dynamic Contrast. Tastiest foods must contain texture and/or flavor contrasts; the more the
merrier—rapid food meltdown with snap, crackle, and pop. Next to taste hedonics, this is the
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most important contributor to food pleasure. Since humans are visual animals (almost 40 percent
of the brain cortex is devoted to vision), contrasts must include color and appearance as well.

3. Evoked Qualities. Food must evoke or bring forth previously conditioned pleasure
memories—food content, environs where ingested, and prior physiological state. Emeril’s
“BAM!” blend is a good example: the spices (garlic, onions, etc.) evoke memories and pleasures
of past meals. The key is to add these “qualities” in a subtle and balanced way.

4. Food Pleasure Equation. Food pleasure is a function of sensation and macronutrient
stimulation. The tastiest foods maximize both dimensions. For example, if a food is lowered in
calories, to increase the pleasure, you must add more sensation.

5. Caloric Density. The gut-brain axis senses CD and makes it good. A CD of 4-5 is most
preferred, often found in junk foods. (0 is the score for water and 9 is for pure fat.) Exceptions to
this preference rule are those foods with big volumes that melt down quickly in the mouth
(vanishing caloric density), such as popcorn.

6. Emulsion Theory. Taste buds like emulsions, especially salt-fat or sugar-fat combinations.
Many of our tastiest foods are in liquid or solid phase emulsions, whether they are butter,
chocolate, salad dressings, ice cream, hollandaise sauce, mayonnaise, or créme. The making of
an emulsion concentrates the hedonic taste solutes (salt, sugar, and MSG) into the water phase.
We have discussed that butter is about 2.5 percent salt, but in the emulsified state, the actual salt
content presented to the taste bud is 10 percent salt because all of the salt is in the 18 percent
water phase. Ice cream is a frozen emulsified “foam” that concentrates the sugar (sucrose) in the
water phase, enhancing the perception of sweetness.

Glossary

Caloric Density: Calculated by calories of food divided by weight in grams

Casomorphins: Psychoactive digestion products of the cow milk protein, casein

D1 receptors: Receptors in brain associated with dopamine activation and pleasure or movement
Dopamine: Neurotransmitter in brain associated with arousal, movement, and pleasure response
Emulsion: A mixture in which fats and water are dispersed evenly in a solution

Engram: The brain memory of the sensory and calorie properties of a food

GABA: Neurotransmitter in brain involved with reward and inhibiting actions

Galanin: Brain neuropeptide that increases hunger, especially for fat

Gluteomorphins: Psychoactive compounds formed from wheat digestion

Gustation: The sense of taste

Hedonics: Derived from a Greek word that means the study of pleasure

Hyperphagia: Overeating caused by a tasty or calorically dense food

Leptin: Fat cell hormone that can reduce appetite; the obese are resistant to its effect
Macronutrients: The big three—fat, protein, and carbohydrate

MSG: Monosodium glutamate, a flavor enhancer and stimulator of “umami” taste

Mu-opioids: Brain neuropeptides involved in food pleasure

Nucleus Accumbens: Part of the pleasure center

Olfaction: The sense of smell

Orosensory: All other sensation from the mouth besides basic tastes (pain, heat, cold, and touch)
Palatability: A feature of food; high palatability food is tasty and calorically dense

Solutes: Particles in solution that can be tasted by the tongue

15



Taste-Active: Solutes that are innately pleasurable, such as salt, sugar, MSG, and the 5°-

nucleotides

Trigeminal: Cranial nerve that carries sensation from the mouth to brain and vice-versa
Umami: Means “deliciousness” in Japanese; the taste of MSG
Vanilloid Receptors: Ingesting hot and black pepper stimulate these receptors and create a

burning sensation.
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Now let’s get to some of the most preferred foods and the physiological and neurochemical
explanations behind their popularity.
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Chapter 2: Why We Like Corn Chips

Loaded with Thin chip melts down quickly,
taste-active enhancing dynamic contrast

solutes, e.g., and Evoked Quality.
salt, sugar,
MSG, and 5’

nucleotides. Chips are high in
caloric density.

Seasoning
increases
salivation.

Cheese protein creates the
pleasurable casomorphins
upon digestion.

Americans spent over $60 billion on snack foods in 2005."

Doritos” (little bits of gold in Spanish) is a hugely popular 2+ billion dollar worldwide brand.
Launched in 1966, it was an immediate hit with the consumers in the United States. Doritos
continues to be the most popular snack food yet invented so I created the term “Doritos Effect”
in my lectures as an example of a food high in pleasure. Now let’s deconstruct the ingredients,
tastes, and textures to learn important principles of (just about) the perfect snack food.

First, let me list the ingredients in order from my bag of Doritos Nacho Cheese:

Whole Corn, Vegetable Oil, Salt, Cheddar Cheese, Maltodextrin, Wheat Flour, Whey,
Monosodium Glutamate, Buttermilk Solids, Romano Cheese, Whey Protein Concentrate,
Onion Powder, Partially Hydrogenated Soybean and Cottonseed Oil, Corn Flour,
Disodium Phosphate, Lactose, Natural and Artificial Flavor, Dextrose, Tomato Powder,
Spices, Lactic Acid, Artificial Color (Including Yellow 6, Yellow 5, Red 40), Citric Acid,
Sugar, Garlic Powder, Red and Green bell Pepper Powder, Sodium Caseinate, Disodium
Inosinate, Disodium Guanylate, Nonfat Milk solids, Whey Protein Isolate, and Corn
Syrup Solids.

1. Loaded with Taste-Active Components

The Doritos formulation actually excites taste buds with every pleasurable hedonic solute! Since
taste is the major pleasure system in food perception that drives ingestion, it is important to
include both major pleasure solutes—salt and sugar—and the ingredients that boost their
perception—5’-nucleotides and garlic.
a. Salt (listed as the fourth ingredient!). The actual number will amaze you. Nacho
Cheesier has 200 mg sodium per serving, which calculates out to 1.7 percent salt by
weight. This beats my 1 percent rule for preferred foods—a little saltier might just be a
little better since saliva does dilute down the chip in the mouth
b. Sugars (including lactose, corn syrup solids, and sugar).
c. Umami tastants (5’-nucleotides, MSG, garlic, and certain amino acids) are pleasurable.

2. Creates a Salivary Response
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Acids keep the saliva flowing so that the food never dries out in the mouth (buttermilk solids,
lactic acid, and citric acid). The induction of saliva may be rewarding in and of itself. Studies on
the ingestion of food reveal that dopamine spikes in the brain are highest in anticipation of
eating! And the term mouth-watering has hedonic overtones, similar to the Colonel’s “finger
lickin’ good.” Hence, the continued and consistent salivation to a food is a very important aspect
of good food construction.

3. High Dynamic Contrast

Thin Doritos chips rapidly melt in the mouth—which create high dynamic contrast is very
pleasurable. Lay’s potato chips, which are quite thin, share this same oral property. In our food
pleasure equation, dynamic contrast plays a major role in food perception and palatability. The
contrast here is the hard chip and the powdery coating that disappears quickly in the mouth
during mastication—an oral food surprise, or the unexpectedness of rewarding stimuli.
Neuroscientist Read Montague and his colleagues (2001) reveal that oral surprise (unexpected
pleasure) was more rewarding than expected rewards.”

4. Non-Specific Aroma Quality

Doritos’ aroma profile is complex, and not one particular aroma dominates. This lack of specific
aroma identity allows a person to eat many chips without sensory burnout. This is very important
in reducing sensory specific satiety (SSS)—if one can identify the aroma, it is easier to become
bored with it. For example, if the chip is distinctively flavored with rosemary or thyme, SSS
kicks in with more force, and one is less likely to eat it every day. And very light, non-trigeminal
aromas do not activate SSS at all, and can be eaten every day. Michelle Peterman, VP of
marketing at Kettle Foods, noted in Food Product Design that the best-selling flavor has always
been, and continues to be, the lightly salted original flavor potato chips.?

5. High Evoked Qualities Effect or Emeril’s BAM! Effect

Doritos contains many of our favorite flavors on one chip; this allows us to experience all the
foods we love without consciously knowing it. For example, Doritos has corn, cheese, garlic, and
tomato flavors; many of these food ingredients are inherently tasty; as you will learn in the
chapter on super pleasure foods. Neurophysiologic evidence is now revealing that every eating
experience lays down another food engram (memory) in parts of the brain that control our
perceptions of taste, texture, aroma, and calorie content. When Emeril adds his BAM! spice
blend to a dish (note he adds it to just about everything except ice cream) he is also adding food
pleasure gestalt—a very clever hedonic booster. (The original BAM! flavor is quite good and
next to Aji-Shio salt, [MSG coated salt], [ use more of it than any other flavoring complex.)
Hence, the addition of a familiar flavoring system in Doritos brings back or evokes past
memories of all your favorite foods.

6. Contains 50 Percent Fat Calories

Recall that the brain prefers fat and fat-based flavors. Hence, Doritos must really light up the
brain for fat perception. In fact, most snack foods are very close to this magical 50 percent fat
calorie content. Fat ingestion activates the two types of fat recognition receptors in the mouth
(fatty acid and textural), increases levels of gut hormones linked to reduction in anxiety (CCK),
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activates brains systems for reward, and enhances ingestion for more fat (galanin). Noted brain
neuroscientist Ann Kelley says that foods high in sugar and fat change the brain the same way
that drugs of abuse can cause addictive behavior—obesity may be an addiction to junk or highly
palatable food.*

7. A “Cookivore” Food

These tortilla chips contain many cooked, roasted, and fermented food ingredients.
Anthropologist Richard Wrangham suggests, in a 2004 Harvard Review article, that human
beings are cookivores; we evolved to eat cooked food.> Cuisine has always been a high art and
human obsession—and it has physiological survival value as well. The aromas of fire, fermented
foods, and sugar-rich fruits are, at the very least, hedonically imprinted over many thousands of
years of selection. Doritos start with corn that is shaped and toasted before being fried in oil.
This increases certain aromas, like pyrazines, which many find pleasant, even in very low
concentrations. In fact, some scientists believe that liking these aromas (pyrazines) is the innate
result of a five hundred thousand year association of fire, food, and survival.

8. Contains Natural and Added MSG

Corn is high in bound and free glutamic acid. MSG is the fifth taste sense and is very pleasurable
in the presence of salt. Many believe it is an oral signal identifying the presence of protein in the

environment. Corn, among the common vegetables, ranks near the top (the highest being peas) in
this hedonic taste solute.

9. High Caloric Density

Many neurobiologists now believe the gut and brain prefer to eat high-density foods—it’s just
more pleasurable. Doritos certainly qualifies, with a caloric density of 5.0! In fact, many snack
foods have a caloric density of 4—6 and the contribution comes mostly from fat in a dry or low
moisture food system. The good news is that Doritos has only 1.5 grams of saturated fat per
serving (8 grams total). Studies indicate that saturated fat (and probably trans fat as well)
upregulates neuropeptide Y (a bad thing)—this increases the consumption of sugar in animal
models.

10. Long Hang-Time Flavor System

I have suggested that flavors that are more fatlike (lipophilic) than water-loving have a tendency
to hang around a long time in our sensory systems, thus allowing a very strong flavor
conditioning acquisition. Doritos’ flavor system is so powerful that if one kid in the back of the
classroom eats just a few chips, the kids in the front seats will detect the food within minutes!
When mixed with saliva and warmed up in the mouth, Doritos has an amazing propensity for
volatilization. And Doritos contains many long lasting and lipophilic aromatics from garlic,
onions, and cheese. Fat calories combined with long hang-time (lipid) odorants form strong food
memories.

11. High Glycemic Starch

Carbohydrates that are quickly broken down (high glycemic) into glucose in the gut elevate
blood levels of both glucose and insulin. Studies show that rapid absorption of sugar (glucose) is
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more rewarding than lower glycemic starches. The rapid reduction of hunger is also more
rewarding. In addition, the more rapid insulin increase acts on the brain in a complex manner that
encourages a hyperphagic (overeating) response.” And through insulin’s complex interaction
with leptin, serotonin, and other neurotransmitters, a very potent food memory engram is formed.
(Fat and carbohydrate have separate systems for memory formation.) The brain wants to
remember junk food since it has greater survival value than other foods. A cast member on
“Survivor” could live quite comfortable with a few cases of Nacho Doritos.

12. Doritos Contain Casomorphin Precursors

Cheese contains casein protein and, when digested by the gut proteases, turns casein into
morphine-like compounds called casomorphins. Some scientists think that these casein
derivatives act like morphine and are addictive by themselves—although this is still a
controversial hypothesis. (Endogenous opiates, which are widely distributed in the
gastrointestinal tract, are grouped into three major families according to their precursor proteins:
proopiomelanocortin [endorphin], proenkephalin [enkephalin], and prodynorphin [dynorphin].s)
Dr. Barnard, in Breaking the Food Seduction, believes that casomorphins have about one-tenth
of the narcotic activity of morphine. Casomorphins have many interesting properties, and one of
them may be that they make a food more memorable. They slow the digestion (cheese is
constipating) and lengthen the contact time between ingestion and food memory formation, that
is, the macronutrient content and the sensory properties of that food have a longer time to
develop a relationship. Casomorphins may also stimulate fat intake via inhibition of the gut
hormone enterostatin.” Regardless of the controversy, there is no doubt that cheese sells. Tom
Rieman, senior business marketing executive at Kraft Foods, has noted that in traditional salty
snacks, cheese is the number one flavoring system.3 Now you know why they call Doritos—
Nacho Cheesier! For a review of casomorphins see Teschemacher, H. (2003)."

13. Doritos Has a Nondescript Aroma Complex

The Doritos aroma is a complex mixture of many different ingredients from cheese to onion to
garlic to tomato solids. But not one flavor stands out; this reduces the ability of Doritos to initiate
sensory specific satiety. Strong and discernable aromas tend to cause food burnout faster than
those that are more subtle and not really recognizable. It is very hard to actually pinpoint or name
any aroma in the chip if you smell it blindfolded. Give it a try and see. In contrast, if you were
given rosemary-flavored chips, you would like them, but rosemary is a powerful and easily
recognized trigeminal odorant, and you will burn out on the rosemary flavor fairly quickly.

My wife conducted research that revealed when two or more spices or herbs were mixed together,
it greatly diminished the ability to tell what is in the mixture. The exceptions were onions and
black pepper—they are always distinguishable in the spice blend. Although name recall of the
mixture is lost, the brain activation of the olfactory cortex and associated hedonic interactions

still occurs. This phenomenon suggests that in humans, perceiving the aroma is much more
important than the ability to recall the aroma name.

The Doritos spice complex has some interesting additional properties:

a. Doritos Breath. Although the aroma of Doritos is very complex, it is also very aromatic.
When I was younger, we used to notice that when a person ate Doritos in the classroom
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(usually against the rules), the odor permeated quickly—and we didn’t find it as
pleasant as the one doing the eating. We had a term for this—Doritos Breath. Rumor
has it that Frito Lay was concerned about Doritos breath and lowered the garlic powder
in the chip in the mid 1990’s. This term is still popular, and one can find many stories
on Doritos breath on the Web: http://healthresources.caremark.com/topic/olestra.

b. Doritos Feet. Bacteria and fungi (yeast) are normal inhabitants of moist feet and can
generate aromas similar to the smell of Doritos. In fact, the aroma of smelly, stinking
feet (bromhidrosis) is surprisingly like Doritos breath. These aroma compounds are
probably sulfur based, and Doritos certainly is loaded with the allium family (garlic,
onions) and cheese powders as well. Cheese aroma is based on fatty acid fermentation,
and our feet also secrete fatty acids—the metabolic fuel for the bacteria and fungi
inhabitants. Here are two examples from the Web: "'

*  “True, some cheese does stink. Doritos smell like stinky feet but I like them.”
e “Oh man you are right about Doritos. I like them a lot, but a friend once said Doritos
smell like socks...that is just too delicious ...”

14. Doritos Taste Absolutely Fresh

Like the rest of the family of snacks at Frito Lay, you will never find a burnt chip or off-taste in
any of their product line. Food scientist friends tell me that the founder was a fanatic on this
principle of a fresh-tasting product as a differentiation point from all the competition. Bags of
Doritos, with high-quality ingredients and excellent barrier packaging, really don’t spend much
time in the store; they are pulled off the shelf in less than two weeks if they are not sold—which
is probably fairly rare for most foods. Eating a poor-quality chip (burnt or oxidized) can induce a
preference aversion for a (food) brand that can last a lifetime. I’ve even had competitors’ potato
chips that had a green ring around the outside rim, signaling that solanine was present! (Light
during storage induces the co-generation of the alkaloid poison, solanine, and chlorophyll.)

In the losing battle over obesity (thus far), the snack- and junk-food purveyors have come under
intense scrutiny and have even been subject to class action lawsuits.' Although I am not an
apologist for the snack-food companies, Frito Lay has introduced a few healthy trends. Frito Lay
has eliminated the nasty trans fats from all of its products, and the company now has a number of
calorie-controlled products for those who don’t want all the calories—and they actually taste
quite good—Iike Baked! Lay’s. There is even a Web site dedicated to those addicted to baked
Lay’s: http://www.worldvillage.com/wv/feature/bakedlay.htm.

I was once asked in a lecture which is tastier, based on my theories: crunchy or puffed Cheetos
(my all-time favorite snack); the follow-up question was, “Why do they have both?” I laughed,
because I had this same argument with a friend in Loyola High School many years ago! Well, the
crunchy is higher in cheese flavor and hedonic solutes, but puffs are higher in vanishing caloric
density, the fun sensation of eating calories but not feeling full. So which one is better? From a
pure pleasure standpoint, I think it is a wash. (If Frito Lay is listening, please bring back the
black pepper and Monterrey Jack Doritos, a nice blend of black trigeminal spice with subtle
cheese flavors.)

Can Doritos Be Improved?
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Doritos may be at a hedonic pinnacle, but there are additional structural changes that may add
pleasure. Frito Lay has already discovered one of them. The product is called Doritos 3-D’s,
which are spherical shaped Doritos in a variety of flavors. Lots of fun to eat, actually! Although
the caloric density went down a bit (4.6 vs. 5.0 for regular Doritos), the large volume and
thinness of the sphere went up. In the theory of vanishing caloric density, foods with rapid
meltdown and lots of air fool the stomach into reducing the satiety response—this allows
repeated oral stimulation without all the fullness. This contributes to the magic of popcorn: non-
satiation with repeated ingestional bouts. The 3-D also increases the amount of dynamic contrast;
instead of a one-dimensional oral bite, it is now three-dimensional, greatly increasing the
surprise factor.

But as advanced and creative as this shape may be, it is not quite original. In French cuisine,

there is a potato dish that, when done correctly, creates—instead of a 1/8-inch round chip—a
zeppelin-shaped potato crisp. This dish is called pommes de terre soufflés and was developed by
accident on a train by head chef Maitre Colinet. He twice cooked radial slices of potatoes and
finished them in very hot fat (on the second immersion), which made them puff up, to everyone’s
astonishment. It were the hit of the meal and were relished by Queen Marie Amélie and her two
sons.'? I have been able to duplicate this potato zeppelin, but the intensive preparation, messiness,
and dangerously hot oil make this dish more suitable as a food science experiment.

How to Calculate Percent Sodium Chloride (Salt) in Foods

To calculate the salt content, find the sodium content in milligrams (mg) found in the nutritional
facts box. Then divide this mg amount by 0.4 (salt is 40% sodium) and then multiply by the
weight (grams) of the food per serving. Finally, multiply this number by 0.10 (conversion factor)
to get the percent salt. For example, Nacho Cheese Doritos contains 180 mg sodium, divided by
0.4 equals 450 mg of sodium chloride; then 450 mg is divided by the weight of a serving or 28
grams (1 oz.) which equals 16. Finally, multiply by 0.10, giving us 1.6 percent sodium chloride.
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Chapter 3: Why We Like Sandwich Cookies

The cookie has a high The cookie has a
caloric density. taste contrast of The cookie has a
sweet and salty. color contrast of
dark and light.

The cookie has a flavor
contrast of chocolate
and vanilla.

The cookie has a
texture contrast of
smooth and rough.

The cookie center is a
sugar and fat
emulsion.

Studies on snack foods suggest a narcotic-like effect on the brain.'

“Food and Sin are two words that—in the English-speaking world, anyway—have long been
linked.”
Anthony Broudain®

The Oreo cookie is a standard fixture in many a household pantry, including mine, as my
daughter has a fondness for the “mini” ones. According to a 2006 editorial by Lynn Kuntz, more
than 450 billion Oreos have been sold since their inception in 1912, making this cookie the best
seller of any cookie in the twentieth century.® The pertinent question is: What sensory or
nutritional attributes contribute to the most successful cookie ever developed?

1. Oreos Are High in Fat and Sugar

These are the big two ingredients that really “light up” the brain in brain bioscans of people
eating tasty foods. With most of the calories coming from fat (37 percent) and carbohydrate (60
percent), the cookie is basically a vehicle to supply the emulsified interior icing. With most
sweet foods, a little added sodium boosts the overall pleasurable response—about 0.5 percent
NaCl by weight—the typical level found in many sweet foods like chocolate and ice cream.
a. The first ingredient found in Oreos is sugar or sucrose—the most pleasurable of the
sugars since it combines a clean, sweet taste with added mouthfeel.
b. Commenting on the primal pull of sweets, neuroscientist Ann Kelley noted that the
attraction to sugar is very ancient; even bacteria will move towards it.!

2. Oreos Are High in Dynamic Contrast

I use this cookie as an example of the Witherly/Hyde theory of food pleasure equation. Let’s
quantify some of the contrasts in the cookie:

Visual: Dark cookie and bright white icing

Visual: Rough cookie top and smooth cookie interior

Olfaction: Chocolate aroma vs. vanilla icing aroma

Olfaction: Trigeminal aromas (chocolate) versus purer aromatic aromas (vanilla)
Taste: Salty in cookie versus sweet in icing

Texture: Rough cookie top versus smooth interior

Texture: Hard cookie versus soft icing

R a0 o
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3. Oreos Allow for an Optional Eating Pattern

Personalizing the eating experience increases food pleasure. Many people manipulate the cookie
before ingestion. Your personality may be based on how you eat an Oreo.* Men tend to bite
through the cookie, and women tend to pull apart the cookie and eat the filling first. The reason?
One colleague explained to me that men like excitement, and biting through the cookie is
thrilling (lots of dynamic contrast); women tend to prefer fat textures (emulsions) like ice cream,
butter, and other high-fat foods and eat the valuable core first. The number-one preferred food by
women is the French fry, and for men it is the hamburger.’

4. High Energy Density

An Oreo with the added icing in the center (mostly fat) amps up the caloric density close to a
level we see with many snack foods (4—5). With an energy density of 4.7, Oreos are one of the
denser cookie-like foods—even surpassing chocolate chip cookies. Double-Stuf Créme chocolate
Oreos are a bit higher at 4.9, but the chocolate-fudge covered top out at almost 5.3 caloric
density! The next highly calorically dense cookie that tastes great is the Nestlé Tollhouse, sold at
Burger King, at 4.6. Neuroscientist Ann Kelley says that high caloric density mixtures of sugar
and fat are very appealing and pleasurable—possibly approaching the “addictive” status.' In a
2003 paper, Will, Franzblau, and Kelley say that intake of energy-dense and tasty food is
controlled by activity in the pleasure center linked with feeding centers and the more primitive
brain stem.® Another scientist, Bartley Hoebel (2002), notes that when a high-sugar diet is
withdrawn from a rat, the animal exhibits drug withdrawal symptoms.® Sucrose is the first
ingredient in an Oreo, and fat is the third! Speaking of dependency, Callahan, writing in the
Chicago Tribune, suggests that Kraft used high-powered brain imaging research from their
parent company (Phillip Morris) to make the cookie more addicting (consumer dependency), a
charge denied by company officials.'

If the regular cookie is not tasty enough, you can always buy them double stuffed with icing, top-
coated with even more icing, and in a bewildering array of flavors and textures: Oreo Big Stuf
(twice as big), Double Stuf Peanut Butter Oreo (filling), Mystic Mint flavored, White Fudge
Oreo, Chocolate Cream Oreo, Double Delight Oreo (two different fillings), and the Golden Oreo
(cookie is yellow).

Fun Oreo Cookie Facts

* Over 450 billion have been sold, making the Oreo the most popular cookie ever invented.

* Placed side-by-side, the number of cookies sold would encircle the world at the equator
381 times.

* The cookie surface pattern is twelve, four-petaled flowers and ninety radial ticks on the
outside.

* Sunshine’s Hydrox cookie, after Oreos introduction, kept losing market share and was
dropped in 1996.

* There are dozens of Oreo variations (thirty-seven listed on the Web site), including double
icing, different flavors (peanut butter, mint, coffee, mocha, and caramel), and different
colored icings (red, yellow, green).

* South Park has an episode with a “quadruple stuff” cookie.
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* Oreo cookies no longer use hydrogenated oils, but the calorie content is the same.
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Chapter 4: Why We Like Vanilla Ice Cream

Ice cream Ice cream is
melts in the ' ' cold.
mouth. \ \ -
. Ice cream is
Vanilla flavor never \ loaded with
becomes tiring. salt, fat, and
sugar.
Ice cream lights / :
up the pleasure ‘\ Ice cream is
centers in the an emulsion.
brain.

Ice-cream eating is fun and fires up brain's pleasure center. Every ingestion brings back one’s
childhood memories.'

Adam Drewnowski (nutrition and sensory expert) speculated that there might be a relationship
between opioid addiction and ice-cream craving.”

Americans love ice cream, and, next to the Australians, consume more of it than people from any
other country. The twenty billion dollar ice cream industry is dominated by Nestlé¢ and Unilever,
although there are over five hundred regional mom-and-pop shops that make and distribute
America’s favorite dessert (or treat). And what is America’s favorite flavor? By a long shot, it’s
vanilla (as high as 50 percent preference), followed by chocolate, butter pecan, and strawberry.
(My daughter will only eat cookies and cream Héagen-Dazs, a preference I still find puzzling.)

Why do we like ice cream? Well, my fellow colleague in food science, Dr. Robert Hyde, has
developed a comprehensive principle of food pleasure called the “Ice Cream Effect.” Later, as
we refined our thoughts, we developed the “Dynamic Contrast” theory.. Ice cream is the perfect
food that lights up the pleasure centers of the brain due to its sensory and caloric properties. In
fact, neuroscientists at the Institute of Psychiatry in London scanned the brains (MRI) of people
eating vanilla ice cream. They found that the orbitofrontal cortex, the “processing” area at the
front of the brain, was activated during ingestion. The researchers conclude by commenting that
ice cream makes you a happier person!'

1. Ice Cream Melts

Ice cream, in the oral cavity, undergoes a phase change from solid to liquid within seconds—
dynamic contrast at its best. The mouth has abundant receptors for texture detection and a special
area in the brain to perceive it. We like foods that melt down rapidly in the mouth, and ice cream
fits this just about as perfectly as any food except popcorn and chocolate. The making of ice
cream incorporates almost 50 percent air in the mixing process, which amplifies the rapid
melting properties.

2. Ice Cream Is Cold

Another dynamic contrast component to food is the change in oral temperature. The mouth is
loaded with trigeminal receptors for both heat and cold, but cold may be a greater stimulator of
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sensory sensation. Cold perception in the mouth is a huge trigeminal blast, and when the food

warms up again, it produces dynamic contrast and increases food pleasure. Dr. Robert Hyde

noted in his work on dynamic contrast that oral temperature changes excite neurons at a high
level; in fact, our physiology, in general, was designed to detect and respond to minute changes
in cellular chemistry, whether they are temperature, oxygen levels, pH, or extracellular sodium
levels.

a. Ice cream coldness excites water receptors in the mouth, which is also inherently
pleasurable.® This is one reason why, after eating ice cream, you become thirsty; you activate
the water receptors for thirst but don’t actually drink any water, so the dehydration becomes
worse and your brain creates a water thirst.

b. Cold temperatures in the mouth actually activate taste receptors directly.”

3. Vanilla Ice Cream Flavor Never Grows Old

Brain studies have proven that the mostly pure aromatic aroma known as vanilla does not cause
flavor burnout in the brain. This is why people prefer it, three to one over chocolate! In addition,
vanilla acts as a background flavor base allowing infinite “inclusions” or ice cream add-ons to
maximize multidimensional flavor (Cold Stone Effect).

4. Ice Cream Is An Emulsion

In many taste experiments with both rats and humans, preference increases for food if presented
in an emulsified form. In fact, this is an important structural element of good food construction,
called the Emulsion Preference Theory. Many of our favorite foods are emulsions—some fat in
water (milk, cream, ice cream, salad dressings, cake batters, flavor emulsions, meat emulsions,
and cream liqueurs), and some water in fat (butter, margarine, and mayonnaise). In making ice
cream, the whipping process incorporates air into the emulsion, concentrating the sugar solution
into a complex emulsion called “foam.” Ice cream, as an emulsion, during melting, delivers
small fat globules, and the concentrated sugar explodes on the tongue. Drs. Drewnoswki and
Greenwood note in 1983, that preference for sweetened, high-fat foods may contribute to obesity
in people.” Humans strongly prefer sugar and fat emulsions, and will make the extra effort to find
and consume these foods.

5. Ice Cream Is Loaded with Salt, Fat, and Sugar

The “big three” are very pleasurable ingredients, and ice cream has them in abundance. The
typical fat content of premium Héagen-Dazs is approximately 16 percent butterfat (by weight),
the salt content is about 0.5 to 1.0 percent, and the remaining ingredients being sugar and protein.
Baskin-Robbins vanilla has 54 percent of its calories from fat and 40 percent from
carbohydrates—which is very similar to most salty snack foods as well. Emeritus Professor of
Food Science (an ice cream expert) Robert Marshall suggest that people like ice cream for three
reasons:’

a. Contains fat for flavor explosion and smooth mouthfeel.

b. Contains air for rapid meltdown.

c. Contains ice, which people really like due the cold sensation.

6. Ice Cream Has Vanishing Caloric Density (R. Hyde, PhD)
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Despite the abundance of salt, fat, and sugar, Baskin-Robbins vanilla ice cream has a
surprisingly low caloric density of 2.3, due to the whipping process. The amount of air
incorporation can be near 50 percent; but much less for premium brands like Hiagen-Dazs
(higher butterfat, less air).” Dr. Hyde has suggested that foods with an airy structure and a rapid
oral meltdown allow repeated self-stimulation without a strong satiety feedback from the
stomach. Another classic example is popcorn—all the fun of eating without all that satiety.
Popcorn may have a caloric density of 3.0 un-popped, but it’s in a volume of one cup popped.
Ice cream’s (and popcorn’s) vanishing caloric density fools the mouth, stomach, and brain into
thinking this food is lower in calories that it actually is—and this encourages over-consumption.

I had a roommate in college who once ate a whole half-gallon of vanilla ice cream for dinner—
and lived. Similarly, many people often substitute popcorn infused with butter and other
additions as a substitute for dinner or lunch because of the powerful hedonic combination of
orosensation (dynamic contrast) with the satiety reducing effect of vanishing caloric density.

7. Ice Cream Contains Casomorphins

The major milk protein in ice cream is casein, and upon digestion it creates morphine-like
molecules called casomorphins. Some scientists believe these compounds can make food more
addicting.*’ These molecules may also affect pain sensitivity, locomotion, anxiety, and
learning.' In addition, Lin et al. (1998), note that fat ingestion, through its action on enterostatin
(a peptide released by the gut upon fat digestion), reduces fat reward by actions on mu-opioids."'
Beta-casomorphin inhibits enterostatin and encourages overeating of fat. In layman terms, the
milk proteins in ice cream can override our fat satiety system. It really does seem that casein
ingestion, whether in ice cream, milk, or cheese, or as a topping on pizza—encourages food
intake via direct and indirect pleasure generation.

8. Final Thought—Turning Ice Cream into a Starbucks Model

Part of Starbucks’ success is the infinite variety of personalized drinks. It allows people to
maximize multidimensional pleasure—a very important principle in sensory hedonics, developed
by the pioneering Canadian sensory scientist Michel Cabanac. Bruce Horovitz, food business
writer for USA Today, notes that Americans have become picky and want food their own way;
this is why Starbucks has over 19,000 variations on the coffee drink.'> And how would one do
this with ice cream? Very simple, actually; go to the nearest Cold Stone Creamery ice cream
store and witness the infinite variety of “inclusions” that allows each of us to stimulate our palate
exactly as we wish. Although the founders believe that their stores’ success is due to
entertainment value, the physiological reality is quite different: this candy and ice cream shop
allows almost instant personal gratification with any craving that exists a la moment; a terrific
example of the principle of Cabanac’s multidimensional pleasure coupled with dynamic contrast.
Because of the huge, almost infinite, variety of possible ice cream inclusions and flavor
combinations, the consumer’s palate never tires and the ice cream never fails to be arousing." In
addition, the inclusion of solid candies and fudge pieces increases the caloric density of the final
ice cream creation—and this is, we have learned, a particularly pleasurable human culinary
activity.
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Chapter 5: Why We Like Butter

High amounts of salt are Butter melts
in the water phase. quickly in the
mouth.
Whey solids and fatty
acids create powerful Butter is an
aromas when fried. emulsion.

“Often overlooked, though, is the fact that butter is a ready-made sauce base.”
Thomas Keller'

“Hunger is the best sauce in the world.”
Cervantes (1547-1616)

Julia Child suggests that in French cuisine nothing can be accomplished if one cannot use butter
and cream. And Fernand Point, a famous French chef, is known for his maniacal use of butter in
recipes. For example, he cooks eggs very slowly in butter, and then tops it with more butter just
before serving. Certainly, both French and European cuisines use copious amounts of butter in
main dishes and dessert courses. And since most Europeans are milk drinkers and are not lactose
intolerant, like the rest of the world, their use of dairy derivatives is very high—in cream,
cheeses, and ice cream. The fact remains that in French haute cuisine, butter, in salted, unsalted,
and clarified forms, is used extensively in frying, basting of meats, and in many vegetable
preparations. Just take a look at some of the recipes in Thomas Keller’s complex but insightful
cookbook, the French Laundry, for the extensive use of a novel butter emulsion he calls beurre
monté.

1. Butter Is An Emulsion

As mentioned above, humans (and rats and mice) tend to prefer many foods in the emulsified
form. The reason may be due to the concentrating effect emulsions have on tastants or the fact
that taste buds like fats and fatty acids. Liquid and solid emulsions are a huge part of cuisine
development and modern cookery. French sauces are basically emulsions, some simple like
butter or complex like a hollandaise sauce. Sauces also contain water, and we have seen that the
brain has specific areas devoted to water taste (E. T. Rolls) and its built-in pleasure property.
Butter is approximately 80 percent fat by weight; 16—17 percent water, and the remaining is the
milk protein called whey solids.

2. Butter Is High in Fat

The mouth has the ability to sense fat (perhaps two separate taste mechanisms), and its presence
lights up the brain in a pleasure response. This has been confirmed for ice cream. Butter has the
same butterfat structure, although it is much lower in sugar. Fat also activates intestinal
rewarding peptides CCK and enterostatin (F1-ATPase-mediated pathway), upregulates its own
pleasure response (galanin and insulin), and releases mu-opioids in the brain.’

3. Butter Is High in Salt
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Most salted butters contain 1-3 percent salt by weight. This amount, however, is concentrated in
the water phase, which is only 15 percent of the butter weight. This means that the effective salt
concentration is almost 10 percent w/v. Now if you tried to taste a 10 percent salt-in-water
solution you would probably gag very quickly; this is like drinking the water in the Dead Sea!
Since the preferred amount in food is just about 1 percent w/v, the fat emulsion must dilute this
high salt level (somehow) to make it more palatable. This effect also applies to the sugar
perception in ice cream.

4. Butter Melts Down

This texture property of melting is a huge reason why butter is so pleasurable; this is yet another
tasty food with high dynamic contrast. People will not prefer butter substitutes that don’t
meltdown in the mouth. I know; in my food science days, I was asked to create a shelf stable
whipped topping—the project was a success—but the concoction would not melt in the mouth and
was rejected by the taste panelists. Margarine substitutes taste best when they perfectly mimic
the meltdown properties of butter.

5. Butter Aroma is Resistant to Sensory Specific Satiety

For reasons yet unknown, butter aroma, like vanilla, is highly resistant to pleasure or sensory
extinction. Perhaps the aroma volatiles are mostly of the pure aroma type, versus a more
trigeminal or a “feel” aroma like rosemary.

6. Butter Is High in Caloric Density

As noted earlier, high caloric density foods can release endorphins and/or enkephalins from the
brain. Butter stands out as one of the highest caloric density foods ever created, at 7.2! No
wonder Chef Point sings the praises of buerre!

7. Butter Contains MSG and Nucleotides

Milk and dairy products are a rich source of glutamates and the flavor-boosting nucleotides.
When salt is added, glutamates rapidly form MSG, the prototypical taste of “umami”—or, as
translated from the Japanese, “deliciousness.” Nature put nucleotides in milk not only for their
immune-boosting properties, but they also increase the binding of MSG to the glutamate taste
receptor—encouraging consumption. Thus, small amounts of these nucleotides (IMP, GMP, and
AMP) boost overall umami taste and flavor.

Milk solids in the butter contain whey protein, the most nutritious of all common proteins and
unusually rich in the sulfur-containing amino acid “cysteine.”4 This uncommon amino acid gives
butter that special flavor when heated in a preparation called beurre noisette, or hazelnut butter.
Thomas Keller, famed chef and restaurateur, writes about the importance of butter and the
exquisite brown butter sauce it can create in his cookbook Bouchon. (Easier to cook from than
the French Laundry cookbook.") With the addition of an acidic element, butter, being an
emulsion, becomes the simplest (and tastiest) of sauces a la minute (done in a snap).
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Chapter 6: Why We Like Gourmet Coffee and Ice-Blended Shakes

Gourmet coffee has a I )] (
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solids content = {
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time.

Over 19,000
variations are Coffee contains flavor potentiators
possible. and psychotropic mood elevators.

“Like it or not, Starbucks has changed expectations of how coffee should taste.”
Bruce Horovitz (USA Today, 2006)"

Starbucks over roasts their coffee, they should be called ‘Charbucks.’
Anonymous R & D comment

Coffee aroma contains powerful antioxidants.
UC Davis Study”

Gourmet coffee houses like Starbucks seem to spring up everywhere, as the consumption of
coffee and coffee beverages by adults (and kids) shows no signs of abatement. In Valencia, CA,
where I live, there is a Starbucks (named after a character in Moby Dick) on just about every
corner in the northern section of town. Starbucks is the largest ret