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Before I introduce The Handbook of Eating and Drinking: Interdisciplinary Per-
spectives, let me explain why we need another book on food and eating. There are
already so many books on food, especially cookbooks and travel books. There are
also many scientific and technical books on subjects surrounding food, including
food science, food technology, biology, physiology, nutrition, dietetics, social sci-
ences, and many others. There are also books on the history of food and philosoph-
ical approaches to food and eating including ethics. And there are many books on the
issues involved in serving food and on culinary applications.

However, there are fewer books examining the acts of eating and drinking,
bringing food and beverage in contact with people, and in context with people.
Thus, this Handbook differs from many other books because it is not aimed at eating
and drinking in isolation nor at food and drink separate from the people who are
consuming them.

In addition to this different perspective on eating and drinking, this Handbook is
aimed at combining in one place all of the various fields that deal with eating and
drinking. This includes technical and scientific subjects such as biology, nutrition,
social science, etc. It also includes applied subjects such as food service, culinary
arts, and business/marketing. It also includes non-technical subjects like the history
and philosophy of eating/drinking.

Why is it important to combine all of these fields into one book? Why has this
never been done before? First, it is important because the solutions to most problems
of eating and drinking involve many disciplines. We slowly have learned this over
the past decades. Dieting for better health involves knowledge of food chemistry,
social sciences, nutrition, cultural food choices, food pathologies, and probably
others. If we want to address dieting in specific population groups, we might need
to get into ethics, culinary approaches, and food service approaches. Providing for
undernourished populations in the developing world and undernourished parts of the
developed world involves some of these same approaches, as well as others. We
cannot solve the varied problems of eating and drinking without understanding the
complexity of eating and drinking.

That is another reason why it is important to combine all of the relevant fields of
inquiry into one book. People who want an overview of the component fields of
eating and drinking need a place to find comprehensive knowledge across these
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fields. So too, professionals who work in one field need up-to-date reviews of the
state of the other fields in eating and drinking. One cannot expect either laypeople or
professionals to read individual textbooks in each subject area of interest.

The Handbook of Eating and Drinking: Interdisciplinary Perspectives presents
over 70 chapters in 15 areas of eating and drinking. The book begins with an
historical perspective and ends with perspectives on what may lie ahead in eating
and drinking. The Handbook is not a static view of each field; rather chapters will be
updated, replaced online, and then published when new editions are released. Also
new topics will be added over time. The goal is to keep the Handbook updated with
progress in the fields as they grow. The Handbook will be a living book.

I hope you will benefit from this first-time presentation of this very broad view of
eating and drinking, both in your personal approach to eating and drinking and in
your professional pursuits as they relate to this important topic.

I am pleased to acknowledge the support of the following individuals:

1. For support in launching the Handbook: Morgan Ryan, Senior Editor, Behavioral
Science, New York

2. For continued enthusiasm and advice: Michael Hermann, Executive Editor,
Major Reference Works, New York

3. For detail work in completing the chapters involving communication with authors
and Editor: Juby George, Editor, Major Reference Works, New Delhi

4. For detail work in editing the chapters with authors: Leo Mosquline, Project
Manager, SPi Global — Content Solutions

May 2020 Herbert L. Meiselman, Ph.D.
Rockport, MA, USA Editor
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Abstract

This chapter presents a history of human-centered product research including
product design and product evaluation. The chapter begins with the world of food
business in the early 1900s and moves through a variety of themes and disci-
plines, including the period of testing for quality, the reign of the “golden palate,”
the emergence of descriptive analysis, and the growth of psychophysical think-
ing. The chapter traces the history of this field up until the growth of modern
methods beginning in the 1970s. The chapter shows the approaches, some of the
early research pioneers, some of the types of results obtained, an analysis of
“whys” behind the themes, and the controversies based on intellectual histories.

Historical Background: The Early Twentieth Century

If one were to look at the way products are developed today, one might think that
statistics, modeling, professional expertise, and a strong intellectual heritage have
been in play for decades. Most food companies, worldwide, subscribe to the now
widely held belief that to design foods requires a knowledge of the consumer, a talent
in the creation of tasty mixtures, and a profound understanding of trends, all together
collaborating to make today’s test products become tomorrow’s massive successes.
One cannot help but be impressed by the talents involved, whether one refer to
expert panels (e.g., Caul 1957), to statistical texts (Box et al. 2005), to consultants
specializing in new product design, or to trends monitoring which drive the devel-
opment of new foods (Costa and Jongen 2006).

This review covers the various Zeitgeists (German term literally meaning “spirit
of the time”), in the history of human-centered research, including both product
design and product evaluation, beginning with the “golden palate,” and moving to
today, with the plethora of product offerings, the paradox of choice, the change in the
nature of expertise, and recently the focus on low cost testing.

A Century Ago or Even Earlier: Before Consumers

If one wants to understand how today is so different, then one can go back a century
or more, to a time when the packaged goods industry for foods was just developing
(» Chap. 57, “Measuring Meaning of Food in Life” by Ruffieux in this volume also
discusses this early period). The time was decades just before the turn of the century
to some 10 or 15 years after World War 1. Those with a penchant for photographic
history are treated to the myriad photographs of the stores those days, the corner
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grocers, often weighing out the product, in a way that can be still seen when one goes
to some stores or to farmer’s markets. The shopper could buy some packaged goods,
but there were few supermarkets, and even fewer, if any, elaborate food halls in the
way we now know. Of course, big cities had big food markets even years ago, to
entice shoppers and make the effort easy and social. The storekeeper might offer the
customer a taste of the product before purchase, a delightful custom which remains
today, but today’s in-store tastings are now efficient affairs, with companies special-
izing in in-store demonstrations and tastings.

Nonetheless, in such a world product development proceeded with commercial
products like Kellogg’s Corn Flakes (started 1906) and Campbell Soup Company
(started 1869, condensed soups 1896—1897), along with other iconic companies and
brands. The world of iconic brands stretched all over Europe, from Twinings and
Cadbury in the UK to Liebig in Germany and so forth. The focus was on the one
product to sell, not on the paradox of choice driven by a plethora of products which
occupy the shelf in a marketing war, so-called facings, each item being a different
size of the basic product, a different flavor, and so forth, all designed to proclaim
“Buy Me,” and grab the customer’s last money.

The Early Days, Product Quality, Statisticians, and Statistical Tests
Quality Control and the Rise of Subjective Testing

In the 1930s and 1940s, product design was just a gleam in the mind of some forward
thinkers. The notion that one could formalize product design using subjective percep-
tions was new and only infrequently recognized, much less implemented. Typically,
practitioners used sensory perception to determine whether two products were the
same or different (e.g., two batches from the product, two samples from different
suppliers). This seemingly simple task laid the groundwork for product design, not so
much because difference tests guide design, but because they paved the way to use
subjective measures to guide decisions about products, such as accept/reject. What
began as new efforts by some bench researchers and developers to understand
differences would lay the groundwork for today’s product design efforts. The full
flower, however, would take years, as well as the entry of many different talents, such
as marketers as well as experimental psychologists, especially psychophysicists.

The individuals who were doing tests of acceptance in the late 1930s and early
1940s, worked in companies and, later, in the late 1940s, were at the Food and
Container Institute of the Armed Forces operated by the US Army Quartermaster
Corps in Chicago. From these professionals and others who attended the yearly
conferences of the IFT (Institute of Food Technologists), one got a “picture” of
sensory evaluation in the guidance of product design.

Among the biggest contributors to the development of the field of human-
centered research on food products were the US Army and its laboratories, first in
Chicago, Illinois, and then in Natick, Massachusetts. The Army laboratories in
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Chicago and Natick are extensively reviewed by Meiselman and Schutz (2003). The
Army’s Quartermaster Subsistence Research and Development Laboratory in Chi-
cago established a Food Acceptance Branch in 1944, headed by Franklin Dove. This
was followed by a food acceptance conference in December 1945, probably the first
food acceptance conference worldwide. Dove published a paper on food acceptabil-
ity in 1947 which describes the new taste panel booths at the laboratory. In 1949,
David Peryam became head of the Food Acceptance Branch. Peryam was a psy-
chologist, marking the introduction of psychologists into the field of food accept-
ability. Peryam was joined by psychologists Norman Girardot, Howard Schutz,
Joseph Kamen, and others. A long line of research psychologists followed Peryam
leading up to the current authors of this chapter who joined the Army’s laboratory in
Natick in 1969.

The work of the Food Acceptance Branch in Chicago focused broadly on food-
related behavior, including both acceptance testing of products and studies of food
habits. For acceptance testing, the laboratory used both expert and trained panels and
consumer panels, usually using a paired preference method (Dove 1947). Studies of
food habits were conducted under contract by universities who studied food prefer-
ences for a list of foods, along with consumer information on preparing and serving
these foods. The studies of food preference continued from the Chicago period to the
Natick period.

The most well-known output of the Food Acceptance Branch in Chicago was
the development of the nine-point hedonic scale. This project was started by
Peryam and Girardot in 1949 (Peryam and Girardot 1952) who were joined by
researchers at the University of Chicago in 1951, including L. L. Thurstone, Lyle
Jones, and Darrell Bock (Jones et al. 1955). The team conducted many individual
studies including testing the semantic meaning of various phrases (“like
extremely,” etc.), varying the number of categories, scale balance, numbers of
positive and negative scale categories, and presence of a neutral category. They
found an advantage for longer scales, but no advantage for a neutral point or the
same number of positive and negative categories. The nine-point hedonic scale
has probably been the most widely used scale of food acceptance in the world,
because it is easy for consumers to use. Many people using it do not know the
extensive testing that went into its development. Nevertheless, the scale has had
problems because of problems with translation into other languages (ref) and
because of the lack of equal intervals as should be found on in interval scale (see

Chap. 12, “Measuring Liking for Food and Drink” by Ares and Vidal in this
volume) (Fig. 1).

Both Chicago and Natick Laboratories worked on the relationship of food
acceptance to food consumption. Schutz and Kamen found that 50% of the variance
in choice or consumption could be accounted for by hedonic mean scores but that
up to 75% could be accounted for if one looked at individual food groups rather
than food items. Cees de Graaf and colleagues (de Graaf et al. 2005) found
significant but moderate correlations using data from Natick field testing of rations,
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Like Extremely

Like Very Much

Like Moderately

Like slightly

Neither Like nor Dislike
Dislike Slightly

Dislike Moderately
Dislike Very Much
Dislike Extremely

Nine point hedonic scale: in its pure form the 9 point hedonic scale does not have lines connecting
the scale points and does not have numbers associated with each scale point.

Fig. 1 Nine-point hedonic scale

indicating that acceptance is an important factor, but not the only factor contributing
to intake.

Statisticians, Difference Tests, and the Emergence of Interest in
Design of Experiments (DOE)

The emergence of interest in testing differences naturally involved statisticians, who
were the experts regarding inferential statistics. By the period between the late 1930s
and the 1950s, the world of food design and development was becoming more
professionalized. There was interest in doing the “right test.” For the first few years,
the focus was on inferential statistics, namely, do two or more products differ from
each other? The question of the time was “is there a difference, and is the difference
making the product better, or is it making the product worse?”” Product designers and
developers were not thinking about systematic variation of products, nor about
uncovering rules. The times called for the human being simply as a tester, an
“assessor,” in many of the scientific papers.

Statisticians, however, were moving to modeling, in order to understand the
relation between variables. A new culture was beginning to emerge, a culture of
systematic variation. Statisticians realized that they could use their armory of tools to
understand the relations between variables, specifically those variables under the
developer’s control, and other variables measured by people, namely, perception.
For example, one could learn how the amounts of two ingredients, e.g., sweetener
and flavoring, together drive the perception of “perceived strength of flavor” by
systematically mixing different levels of sweetener with different levels of flavoring
(the ingoing experimental combinations or experimental design) and instructing
panelists to rate the flavor intensity as they perceived it. This systematic approach
produced a body of useful knowledge for the developer, far deeper than the knowl-
edge that would be obtained by asking why two beverages of the same type differ in
their respective “strengths of perceived flavor.”
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The foregoing, focusing on systematic variation, and the linkage between two
variables, an independent variable under control and a dependent variable that is
measured, falls into the category of designed experiments, or more typically and
formally DOE, Design of Experiments. The application of DOE to the design of food
would come later, in the late 1940s, more in the 1950s and 1960s, and flower in the
1970s—1990s. During 1950-1965, there was a growing interest in DOE in the
chemical industry, perhaps because it had financial ramifications such as increasing
the yield from chemical reactions.

DOE opened the minds of professionals, allowing for more complicated exper-
iments, and thus laid the groundwork for product design. The traditional scientific
method postulated how important it was to isolate a variable and study it. The notion
that one should look at mixtures, to understand the system, was occasionally thought
of, but the lack of fast and easy computation made these multivariate studies more of
theory to be studied than a work tool to be used. DOE would become far more
important later, when computers enter the science, because DOE PLUS COM-
PUTERS enabled the statistician, and thus the engineer, and scientist, to study the
workings of several variables at once, and even nonlinearities and interactions
between variables. All these would become important in the world of food design.
Names such as Cochran (1950) and Box et al. (2005) are important, as are Plackett
and Burman screening designs (Vanaja and Shobha Rani 2007). These statisticians
contributed to this newly emerging field of DOE, which would lead to food design
some decades later. The reader is directed toward the later papers cited here, because
they put the earlier work into clear focus in terms of the major contributions made in
those early methods.

Describing Versus Designing: Structuralist Versus Functionalist
Agendas

By Way of Introduction to this Section

Structuralism and functionalism are two early schools of experimental psychol-
ogy, holding sway from the end of the nineteenth century to the early and middle
part of the twentieth century (Benjamin 1988). Their use here is metaphoric.
Structuralism asserted that one could “understand” the psychology of perception
by understanding the attributes or aspects that people perceived. To researchers in
structuralist psychology, the prescribed approach was introspection, to list the
different attributes of perception, whether those be the attributes or dimensions of
vision, hearing, smelling, tasting, and feeling. One could get a sense of how
people organized their perceptions. In contrast, researchers in functionalist psy-
chology asserted that a better approach was to understand how the person behaved
and how different aspects or dimensions of perceptions “functioned” to guide
behavior.



1 The Origin and Evolution of Human-Centered Food Product Research 9

Structuralism seems always to precede functionalism, going back to Aristotle.
Aristotle’s science classified to understand how aspects of the natural world distrib-
uted themselves. Yet even for a genius such as Aristotle, knowing the aspects of the
world, the different features shared or not shared by living organisms, did not tell
Aristotle how these organisms functioned. One could only guess about function by
knowing structure.

The same distinction between structuralism and functionalism applies to the
design of foods, with the structuralist agenda of description virtually always preced-
ing the functionalist agenda of determining relations between variables. As we see
below, the world of food design was dominated in the early days by description,
holding the belief that if one “knew” the different notes or perceptual characteristics
of the product, one might be able to develop better products of its type, or perhaps
correct some of the quality errors. In contrast, later scientists and practitioners
developed the relations between ingredients/process levels and consumer accep-
tance, in order to drive better product design.

Contrasting Beliefs and a Detour: What Can Be Judged and by
Whom

A sense of what “was” sensory analysis, and what was its focus, comes from the now
historic book by Amerine et al. (1965), Principles of Sensory Evaluation of Food.
The 602-page book was the first book in the set of monographs published by
Academic Press. This book, published more than a half century ago in the
mid — 1960s, emerged from years of painstaking library research as well as personal
experience. The topics in the Amerine et al. book deal less with the design of foods
and more to with the study of the assessors. Examples of chapter titles are Factors
Influencing Sensory Measurements (Chap. 5), Laboratory Studies: Quantity-Quality
Evaluation (Chap. 8), Consumer Studies (Chap. 9), Statistical Procedures
(Chap. 10), and Physical and Chemical Tests Related to Sensory Properties of
Foods. The Amerine et al. (1965) book helps us understand the background out of
which product design emerges. If one were to trace the history of product design
back to first-order questions, perhaps the first question would not be about the
product itself but rather about the person who is doing the judging. The first question
was “who is able to judge the product?”” The question about what the product should
be hardly emerges in the early days.

The detour in consumer-driven product design comes out of a continuing issue in
the evaluation of food, namely, who is competent to judge the aspects of food and
thus give direction to design. Some of this focus on the “expert” can be traced to the
world of certain kinds of products, such as wine, beer, and perfume. These products
came with a mystique, the wine expert, the beer meister, and the expert perfumer.
There was a sense that only these experts “knew” the product. The patronizing
undercurrent was that for the most part, consumers simply did not know good from
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bad, although of course they knew what they liked and disliked. As of this writing,
2019, the role of “experts” continues to be important, especially in the aforemen-
tioned areas of wine, beer, and perfume, where sensory properties can be romanti-
cized in advertising, in turn increasing the value of the brand.

A Land of Plenty: The Rise of Descriptive Analysis (Structuralism)
to Guide Product Design

Product design would “somewhat” change in the 1930s, as the world enjoyed the
bounty of better food, through advances in food preservation and food transporta-
tion. An important step was taken by the Arthur D. Little Company, a technical
consulting company in Cambridge, Massachusetts, where Stanley Cairncross and his
colleagues developed a system for describing the sensory characteristics of a product
(Cairncross and Sjostrom 1950). The method was being worked on in the late 1930s
and would become a flagship approach in the 1940s. The notion was to help product
design by identifying the sensory characteristics, so-called “notes” of a product. It
was assumed that the product developer would “know what to do” once the notes
were identified in the Flavor Profile. Importantly, the exact linkage between this
description and product development could not be specified as a series of specific
operations, which converted these “notes” to formulations.

The logic of identifying “notes” or attributes, and assuming that such identifica-
tion, either by experts or consumers would guide product knowledge and thus
product development did not begin with the Arthur D. Little Corporation. As
noted above, describing one’s sensation appears to be the first step in systematic
science, going back to Aristotle’s classification of animals, plants, and even consti-
tutions of city states. Then there was Francis Bacon and, in psychology, the emer-
gence of the Structuralist School, which assumed that we would know how
perception works if we could only describe the perceptions that we have. The efforts
did not end there. It was assumed in wine making, beer brewing, and fragrance
development that a description of one’s perception would somehow lead the devel-
opers to design and develop a better product. Again, as noted above, these descrip-
tions resided in the purview of the expert, whether the business-oriented expert (e.g.,
perfumer) or the trained expert.

Modern-day efforts for product design using descriptive analysis have focused on
training panels, including the Texture Profile (Civille and Szczesniak 1973), the
Spectrum™ method (Meilgaard et al. 1999), and Quantitative Descriptive Analysis
(QDA®; Stone et al. 1974). There remains little published evidence showing
the precise steps in the linkage between descriptive analysis and product design.
Professionals in the world of sensory analysis have, for the most part, directed their
use of expert panels to quality control. The experts, trained in descriptive analysis,
can describe two samples, and identify the sensory aspects, the notes which make
these samples different from each other. This ability to describe the nature of
differences can, of course, be a hint to copy a product by incorporating the
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“notes,” but it’s more often used to identify the nature of differences between a “gold
standard” product (the “ideal”) and a production or storage sample.

Psychophysics (Functionalism) Moves into the Food Industry

In the early 1860s, the German polymath scientist, Gustav Theodor Fechner,
hypothesized that one could measure the perceived intensity of a stimulus, doing
so by measuring successive difference thresholds (Stevens 1961). That is, one could
begin with a sample of salt water and find the concentration of salt water that would
be just noticeably different. This magnitude of change was defined as one JND, one
just noticeable difference. One could erect a “sensory scale” by cumulating these
JNDs and plotting them against the physical level of a test stimulus (e.g., the salt
concentration in the water).

The foregoing is an academic treatment of the foundation of psychophysics. It has
little or nothing to do with product design, but successors in psychophysics would
have a great deal to do with design, and with the success of products. What Fechner
suggested is that one could relate the physical intensity of a stimulus (think “ingre-
dient”) to the perceived intensity.

It would be about 80 years until a more direct approach would take hold, one
which would link practical product design to psychophysics. This more direct
approach is called direct scaling. The respondent is exposed to an array of test
stimuli, one stimulus at a time in irregular order, and assigns a number on an attribute
scale to match the perceived magnitude of the stimulus. The attribute could be
sensory, such as the saltiness of salt solutions, or hedonic, such as the liking of the
salt solution, or even a more cognitively complex phrase such as “perceived health-
fulness of the salt solution.”

Psychophysics/scaling entered the food industry in a slow but relentless progres-
sion. The Army psychologists in Chicago, Peryam, Pilgrim, etc. worked with the
scaling expert Thurstone at the University of Chicago to develop the hedonic scale
and to test many variations of that scale. At the US Army Chicago laboratory,
Pilgrim, Schutz, and Kamen conducted a number of studies in taste and odor
psychophysics in the 1950s. They conducted research on difference thresholds for
the basic tastes (Schutz and Pilgrim 1957a), as well as on the relative sweetness of a
number of natural and synthetic sweeteners using suprathreshold rather than absolute
threshold measurements, demonstrating the importance of suprathreshold rather than
threshold measures (Schutz and Pilgrim 1957b). The first systematic study of
interactions of suprathreshold taste stimuli was conducted, and it was found that in
most cases the effects were those of simple enhancement or masking. A one-person
olfactorium was constructed, and studies included olfactory adaptation and devel-
opment of an odor classification system.

When the Chicago laboratory moved to Natick, none of the researchers moved
with it, and most of them went into industry and did not publish many research
papers (see Meiselman and Schutz 2003). The exception was Howard Schutz.
Schutz had received his education in experimental psychology in the 1950s. Schutz
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was interested in statistical modeling and analysis, rather than in rigorous testing.
Schutz’s contribution may be to have opened the eyes of the field to the importance
of consumers, perhaps because of his tenure at Hunt Wesson Corporation, where he
was responsible for running a commercial sensory evaluation laboratory in the
1960s. Schutz moved to UC Davis after Hunt Wesson and spent many summers
working at the Natick Laboratory — he was the only Chicago alumnus in sensory and
consumer testing who worked at Natick.

Roland Harper was probably the first psychologist in Europe to work on the
sensory properties of foods beginning in the 1940s, around the same time as the US
Army Chicago group. Harper joined the agricultural laboratory in Shinfield from
1946 to 1950 (where author Meiselman worked in 1990-1991 along with Howard
Schutz). There is evidence of Harper’s communication with Thurstone in 1948,
around the same time that Thurstone was working with the group of Army
psychologists in Chicago (Land 1988). In 1961-1962 he spent a sabbatical year in
S. S. Stevens’ psychophysical laboratory at Harvard University, from which author
Moskowitz graduated 8§ years later in 1969.

By the late 1950s, another sensory scientist interested in food emerged in Europe,
Egon (Ep) Koster in the Netherlands. He also received his degree in sensory
psychology, specializing in the sense of olfaction. Later he would apply his sensory
and psychology skills to working on food products. Koster contributed important
papers in sensory and consumer psychology of food well into the 2000s. Both
Harper and Koster were trained in psychology, while another influential early figure
was trained in food science.

These later years were the same years that Rose Marie Pangborn was starting her
career in the United States. She attended New Mexico University (degree 1953) and
then Iowa State University (degree 1955). She began working at the University of
California at Davis in 1955, where she worked for 35 years until her death in 2000.
UC Davis became a powerhouse in sensory and consumer science during and after
her tenure. Her early papers (maiden name Valdes, married name Pangborn) were
published in 1956 and 1957.

Drewnowski (1993) reviewed the contributions of Rose Marie Pangborn at the
first Pangborn Sensory Science Symposium in 1992. He noted that her work covered
sensory evaluation of food and the evaluation of food preferences. Pangborn was one
of the first sensory researchers who moved from model systems (sugar in water, salt
in water) to real foods, using canned apricots (Valdes and Roessler 1956) and vanilla
ice cream (Pangborn et al. 1957). She also studied more complex sensory stimuli,
combining several sensory modalities (sweetness, viscosity, texture). Pangborn also
was among the first to study individual differences in perception, applying this to
product perception and to the relationship to food preference and management of
body weight. This interest in individual differences also extended to determinants of
food acceptance, and Pangborn included individual attitudes in her research on
nutrition. Perhaps the biggest contribution of Rose Marie Pangborn was her
pioneering efforts in training 30 years of undergraduate and graduate students to
do testing in a logical, scientific, rigorous way and to report the data in the proper
format. Pangborn produced a generation of good researchers and teachers.
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A Cadre of Chemosensory Psychophysicists Enters the World of
Food

The 1960s grew into a fertile period for the growth of interest of psychophysicists in
the chemical senses, taste and smell, and in the lower senses, touch. The focus would
first be limited to so-called model systems, a focus that would later evolve to real
foods and even full meals. The impetus for this was what has been called the “new
psychophysics.” This new psychophysics attempted to uncover quantitative rela-
tions between the physical stimuli and subjective responses, with many of the results
suggesting that the relation could be described by a power function of the form:
sensory rating = k (physical intensity)". It was the exponent which was of interest
(Stevens 1975).

Natick Laboratories was opened in 1954 as the Quartermaster Research and
Development Center, and the US Army food research program moved from Chicago
to Natick in 1963. The nutrition research from Chicago moved to Colorado and
eventually to Natick, and the dietetic services moved to Virginia. Between 1963 and
1966, a taste test laboratory with 11 testing booths was constructed in Natick. A joint
annotated bibliography on acceptance and preference research was published jointly
by Chicago and Natick (Bell et al. 1965). Beginning in 1966, Harry Jacobs began a
program in behavioral sciences (psychology and other human sciences) with a strong
emphasis on food. Harry Jacobs hired Linda Bartoshuk from Carl Pfaffmann’s
sensory laboratory at Brown University. Jacobs was interested in basic animal
studies of appetite regulation. Bartoshuk was interested in basic human studies of
taste processes and taste perception. Shortly after that, Howard Moskowitz and
Herbert Meiselman were hired. Both Moskowitz and Meiselman would eventually
apply their research to actual foods, with Moskowitz interested in the relation
between ingredients and perception and Meiselman interested in meals in real-
world settings out of the laboratory. Over time a number of other professionals/
psychologists worked at Natick including Richard Bell, Armand Cardello, Barbara
Edelman-Lewis, Dianne Engell, Edward Hirsch, F. Matthew Kramer, Owen Maller,
and Richard Popper. These professionals were joined by a cadre of technical support
people and by a rotating group of Army psychologists assigned to Natick for a two-
year period, often bringing with them valuable skills in related disciplines. The
military psychologists were especially helpful in conducting large-scale studies of
food products and food service with military personnel on military bases and in the
field. Finally, the civilian staff and the military staff were joined by a large number of
visiting scientists from laboratories all over the world.

The Natick researchers conducted basic psychophysical studies of taste, smell,
and texture and their relationship to liking. They applied related methods to study
food preferences, food compatibilities, and boredom as applied to menu planning.
They extended the study of short-term food preferences to studying long-term
preferences. They studied the relationship between data collected in the laboratory
and data collected in the field from soldiers and from university students. They
extended this work with research on the role of context or environment on ratings of
food and beverages. This topic would become a major topic in the field decades later
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(see Meiselman 2019). Another new approach in sensory and consumer research was
the introduction of expectation theory and methods — this topic is covered below.

In both Europe and America, the psychophysicists were just beginning to look at
the relation between the physical stimulus and liking, first with model systems as
science (e.g., sugar in water), but insensibly moving toward the evaluation of real
foods. Their work was primarily academic, but both authors moved inexorably
toward the study of actual foods. For example, fairly early in his tenure at the US
Army Natick Laboratories, author Meiselman began to measure liking both in the
laboratory and in the field (see Meiselman and Schutz 2003). In contrast, during the
same period, author Moskowitz began to use psychophysics to study the nature of
liking as well as sensory perception as they are driven by the interactions of
sweeteners in cola (Moskowitz et al. 1979). In a parallel path, psychophysics was
at the ground in one of the first syntheses in behavioral economics, the economics of
sweetness scales (Moskowitz and Wehrly 1972). These latter psychophysics studies
would remain academic for the early part of the 1980s but then evolve into larger
studies, using psychophysical thinking and experimental design. Those will be
covered below.

The Zeitgeists of “Disciplines”: Psychophysics, Sensory
Professionals, and Market Researchers

The German philosopher Hegel postulated the ever-repeating dialectic of thesis,
antithesis, and synthesis. Advances in every era bring with them conflicts and then
synthesis and advance in the wake of those conflicts. We turn now to the 1970s,
when forces would interact with each other in ways that might now have been
expected from the decades before but which would prove extraordinarily fruitful as
one looks back at these conflicts. The focus of the period was “drivers of liking,” or
in effect, what makes a product good? We move past the era of difference testing, a
worldview which remains with us in full force but generally relegated to quality
assurance.

In the 1960s, a new discipline emerged, market (or marketing) research. The
focus of this new discipline was the consumer and the market. Most of the efforts
focused on the role of consumer responses to product advertising and to product
packaging at the point of sale. Market researchers combined scientists and practi-
tioners, with an array of learned journals, such as the Journal of Market Research, to
memorialize some of the more important efforts of an academic nature. There was
also Robert Ferber’s book, The Handbook of Marketing Research (Ferber 1974) and
the comprehensive Handbook of Marketing Scales (Bearden et al. 1993).

Market researchers were interested in people, specifically in the response of
people to products. It was market researchers who popularized the notion that
product acceptance might vary, some of the variance traceable to error inherent in
measuring subjective responses, but perhaps also traceable to the fact that people
simply had different preferences. Market researchers were able to recognize these
differences in their “product tests,” evaluations of product samples before the
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product would be launched, to guard against market failure (so-called disaster
checks).

With the introduction of market researchers into the world of product testing,
there were three different groups of professionals offering direction and “insight” on
the design of products, inputs which were sorely lacking just a decade before:

1. Sensory psychophysics: Psychophysicists were entering the business world,
choosing to work for manufacturing companies or consulting groups. Often, the
psychophysicists would work in the sensory department of a company.
Abandoning the traditional academic route, these business-oriented scientists
often brought with them the desire to use their psychophysics to drive product
creation, rather than to continue the clerical work of difference testing, to which
the sensory department had evolved.

2. Sensory professionals: The sensory professionals remained bound to their
descriptive analysis and graphical representation of the data. They seem not to
have been able to show the way that descriptive analysis would drive improved
product acceptance. Perhaps their main contribution was to pronounce in their
presentations that the product developer would (somehow) recognize certain
departures from the standard for current quality control or recognize new notes
in products that were to be copied, used as springboards for the company’s new
and competitive entry.

3. Market and consumer research: The discipline of marketing research was grow-
ing. The focus, limited as it was on whether a product passed a specific level for
acceptance or was better than a comparison product, necessarily had to look at
differences among respondents, the individuals who participated in the market
research studies. Whereas psychophysicists and sensory professionals focus at the
product itself, marketing researchers focused on the consumer and the resulting
pattern of acceptance, recognizing that people differed. They did not, however,
have the necessary tools to understand what drives liking beyond the so-called
cross-tabulation methods, comprising tables of product scores by subgroups of
respondents (e.g., frequent vs infrequent users, older vs younger, brand-loyalists
vs non-loyalists, and so forth). As part of the contribution of market and consumer
research, there would spring up a new form of understanding consumers, so-
called psychographic segmentation (Wells 1975). The focus would be on the
psychology of the consumer, specifically what type attitudes were possessed by
different segments of consumers and what types of behaviors were exhibited.
Food was no longer simply the ingredients and taste, but rather the “right message
to the right person” and “the right product to the right person.”

Zeitgeists of Method in the 1960s, 1970s, and 1980s

The three groups of players in the design of product used different tools. We will
look at the research tools and then discuss the underlying rationale of each tool, the
role of the relevant group, and finally how each tool helped move forward the
capabilities of food design.
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Single Test Stimulus and Analysis: Cross Tabulations

The term “cross tabulation” refers to the evaluation of one product (or perhaps two),
deconstructed into the ratings by different groups or different test conditions. As
strange as that might sound today, as of this writing (2019), when cross tabulations
were done for product tests, mainly by market researchers, there was a sense that the
“answers were in there, in the cross-tabs.” A good analogy today is “Big Data.”
There is no reason to assume that the analysis will produce an answer telling the
product design what to do to create a better product, but it is satisfying to the
researcher to show an “effect,” e.g., that more frequent users prefer the less sweet
product.

Single Test Stimulus: Just About Right (JAR) Scales

The JAR or just about right scale is widely used today to identify what to change.
The JAR scale asks the respondent to judge whether a product has too little of an
attribute (e.g., sweetness), just the right amount, or too much.

Although there have been many developments using the JAR scale, such as
penalty analysis (Narayanan et al. 2014), the origin of the JAR scale as used today
may have its origins in a discussion about applying psychophysics to business issues
in product design. During the September 1968 meeting with Loren B. Sjostrom and
Anne Nielsen of Arthur D. Little, Inc., author Moskowitz suggested that the Flavor
Profile could be improved by using psychophysical scales to identify how to change
a product. The researcher would instruct the respondent to rate the amount of a
sensory attribute and the degree of change to make a better product. The psycho-
physical scale would then show the sensory level and in turn the physical level to
optimize acceptance, in the opinion of the respondent. Four years after that first 1968
meeting, the approach was codified in a peer reviewed paper in the Journal of
Applied Psychology (Moskowitz 1972), demonstrating the practicality of the
approach with Kool-Aid, tuna fish spread, and hamburgers of different grinds,
respectively.

The JAR scale was and remains attractive. It was easy to apply, to analyze, and
to report to product developers who could understand what the scale meant. What
was not so clear was what exactly to do with the results when the data fail to be
accompanied by a functional relation between “sensory amount” and “physical
level,” i.e., when the psychophysical curve was absent. For example, when the
respondents said much too sweet, just what did that mean? And what should one
do when people disagree? And what about certain attributes for which one never
has enough, such as “natural flavor?” In commercial applications for manufac-
turers conducted as far back as the 1980s, author Moskowitz discovered that for
some attributes such as “real chocolate flavor,” the more chocolate one added to
the product, the more bitter the product tasted, and the less natural the product
tasted. The same type of finding emerged for flavor. Real flavor did not come from
the flavoring but from the “sugar.” It required product development expertise to
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understand just exactly what the JAR data required in terms of subsequent product
design.

Single or Multiple Test Stimuli: The Self-Designed Ideal

Once we admit of the ability of consumers to point to changes in a product, e.g., by
the JAR scale, it is not far afield to instruct consumers to describe their ideal product,
using the same attributes and the same scale as they used to describe products. One
can then compare the magnitude of the ideal product (emerging from the mind of the
consumer) to the scores of actual products, tested by these same consumer respon-
dents, at the same time. The products which score closest to the self-designed ideal
are presumed to represent target products.

The JAR Scale, the Self-Designed Ideal, and Efforts to Validate Them

The JAR scale and the self-designed ideal instruct consumers to rate products and
conceptualize how they would change the product. When it comes to validating the
results, how does one then validate the JAR scale and the self-designed ideals,
respectively, either analytically or in subsequent direct tests.

Some published literature, primarily in the academic world rather than in the
corporate world, has focused on the ability of the JAR scale and the self-designed
ideal to guide successful product design. We thus rely on the literature, which
presents studies that can be described primarily as methodological. The published
studies suggest that the JAR scale and the self-designed ideal do point, albeit in a
general way, to a better product (Li et al. 2014).

Finding actual corporate case studies in the literature is difficult to do, but one
industry-facing organization, ASTM, the American Society for Testing and Mate-
rials (Committee E-18 on Sensory Analysis), has created recommended practices for
the JAR scale. That such attention is paid to the topic of standardizing the JAR scale
attests to its practical use and importance for product design. The JAR scale is used
to guide product redesign, with the directional referring to changes in the sensory
attributes of the product being tested. In contrast, there seems to be no clear literature
about the practical, industrial use of the self-designed ideal to guide product design,
even though the approach has been around for more than 46 years (Drewnowski and
Moskowitz 1985; Moskowitz 1972).

Let us assume that we can, in some way, predict the liking of the product which is
perfect on the JAR scale, or which “delivers” the sensory profile of the self-designed
ideal. Are there data showing that this product expected to perform in an optimal
way, if we were able to estimate the liking of this product? Keep in mind that the JAR
scale and the self-designed ideal work only with sensory attributes, and do not
involve the key evaluative criteria of overall liking, or likelihood to purchase. In a
study of pizza, with all ingredients disguised to maintain corporate confidentiality,
Moskowitz demonstrated through modeling that one could create a set of equations
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relating formula variables to liking, to sensory attribute levels, and to JAR scales.
Using the model, it was possible to set the JAR scale values all to 0 (no change
required) or to set the sensory attributes to the level defined by the self-designed
ideal. The results suggested that the products emerging from this exercise were not
optimally acceptable, i.e., the formulations expected to generate JAR scale values of
0 (just about right), or to generate the self-designed ideal (Moskowitz 2001).

It may be that the JAR scale and self-designed ideal work for attributes which are
not inherently hedonic, such as appearance, texture, and flavor attributes. For those
nonjudgmental attributes, respondents have a sense of what they want. For many
other attributes, such as salty, fatty, and so forth, the JAR scale and the ideal levels
must be interpreted with a note of caution because the respondent often either never
gets enough (natural flavor) or always has too much (e.g., fatty for a health-oriented
food). Table 1 (section A) shows the results of a commercially funded study with

Table 1 Data from a 1993 commercially funded study on consumer responses to 11 prototypes of
frankfurters, prior to the selection of one product to “go to market.” No prototype ever scores
sufficiently “meaty,” whether in terms of the JAR scale or in terms of the self-designed ideal

A - Average JAR (just about right) scale results for 11 frankfurter prototypes

JAR JAR JAR JAR JAR
Code Dark Smoky Meaty Salty Greasy
101 6 -1 -8 2 -1
102 7 —4 -10 1 -3
103 -17 -8 -16 2 -1
104 -10 -11 -16 2 1
105 -21 -16 -14 5 -2
106 1 -8 11 4 5
107 31 -16 =113 -5 2
108 —4 -7 -10 -2 —4
109 -20 -13 —20 -7 -5
110 -29 -14 -17 —4 -1
111 —4 -8 -21 9 1

B - Minimum, Self-Designed Ideal, and Maximum for 11

frankfurter prototypes on nine ‘sensory’ attributes

Min Ideal Max
Dark 19 45 67
Long 26 67 74
Processed App 57 30 69
Aroma 41 46 54
Smoke Flavor 31 36 51
Meaty 34 76 55
Salty 30 25 51
Aftertaste 40 32 61
Firm 29 46 60
Juicy 42 57 60

Greasy 21 13 34
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“frankfurters,” wherein the respondent rated the sensory intensity of attributes, the
sensory ideal of the attribute, and the JAR scale for the attribute. We show the results
for the 11 products. The important thing to note is that none of the 11 test samples
ever scored high enough on the attribute of “meaty.” Of course, it might well be that
these frankfurter prototypes were simply not sufficiently “meaty,” but we find similar
types of failure to deliver on other attributes which are “hedonics in disguise,” such
as “real chocolate flavor, etc.”

When we move to the self-designed ideal (Table 1, section B), we see the same
type of problem emerging. One attribute, meaty, shows a self-designed idea outside
the range of the levels achieved by the 11 prototypes. Again, the problem emerges,
namely, “what should the developer do with these results?”

Multiple Test Stimuli: Mapping

Placing points on a geometrical space appeals to researchers. Whether the points
define some type of function or the points define the location of an item in space,
there is the perennial desire of a research to display data visually. Quite often, such
displays reveal patterns that would be otherwise undetected. Mapping began with
statisticians, who suggested that factor analysis, which reduces the dimensionality of
a set of variables to a simpler set of orthogonal primaries, could be even more
valuable when one plotted the stimuli as points in this orthogonal space, as Fig. 2
shows. The size of the letter is proportional to overall liking (LTOT).

When used for product design, maps reveal open areas, opportunities for new
products. In today’s business parlance (2019), the term is “white space.” Author
Moskowitz developed methods by which to identify the sensory profile of the
products to be fit into this whole, using a method called “sensory-based engineer-
ing.” The approach used the coordinates of the map as independent variables and
each of the sensory attributes and the rating of liking as separate dependent variables.
The optimization routine identifies the coordinates in the factor space corresponding
to the “best product” and then estimates the likely sensory profile of that best product
(Moskowitz 1994).

Fig. 2 Example of a map, 2
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Multiple Test Stimuli: Response-Response Analysis

Regression analysis occupies the honorable position of being perhaps ke statistical
method to uncover so-called drivers of liking. The original use of regression analysis
by statisticians involved the analysis of large data sets in order to identify which of
the measured factors covary with a key evaluative criterion.

Focusing on food, the application translates into the simple problem of which of a
variety of ingredients drives liking or which of a set of sensory attributes drive liking,
respectively. The researcher assembles a set of products, either variants of each other
in terms of ingredients/processes or of the same general type. The researcher
instructs the panelists (consumers, experts) to rate the products on a set of scales
(e.g., sensory perception of color, aroma, taste, mouthfeel) and instructs the con-
sumers to rate the products on an evaluative criterion, e.g., “liking” or “purchase
intent.” The latter evaluative ratings are obtained either from the same panelists
providing the sensory ratings or from other panelists representing the ultimate
consumer.

When the researcher works with a single set of products, whether or not these
products are systematically related to each other by an underlying design, it is
straightforward to plot the relation between acceptance (e.g., overall liking) on the
ordinate and sensory attribute level on the abscissa. Figure 3 shows the results for the
study of the frankfurters, from personal data collected by author Moskowitz in 1993.
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Fig. 3 The scatterplot relation between sensory attribute level and overall liking for the 11
frankfurters introduced in the previous sections. The filled star/circles correspond to the 11 samples.
The statistical program (Systat) fits a quadratic function to the scatterplot
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The abovementioned approach is called R-R analysis, or response-response
analysis. We look for relations between two variables, neither of which is system-
atically varied. Rather, both variables emerge from the evaluation of the same 11
meat samples. We cannot discover “causality” but simply get a sense of which
attribute covaries with liking.

Systematics: Creating and Using Psychophysical Curves

The new psychophysics has had a direct impact on the world of product design,
perhaps one that was anticipated. Over the earlier decades of the twentieth century,
researchers began to explore the use of people as “measuring instruments.” For
food, this systematized effort began in earnest with ratings of liking of different
products, with such ratings being analyzed for differences (Peryam and Pilgrim
1957). Some researchers realized, however, that they had a tool by which to
understand how ingredients drove responses, whether the response is the perceived
sensory intensity of the food or beverage (e.g., the sweetness of cola) or the degree
of liking. Psychophysicists, specializing in the study of the relations between
sensory magnitude and physical intensity, soon began to contribute to this effort,
especially with simple systems, such as colas and some foods (Moskowitz et al.
1979). What is important to keep in mind is that these curves provided founda-
tional knowledge. It was quickly discovered that the same percent change in
ingredients could very well produce radically different perceived changes. Dou-
bling the concentration of a flavor ingredient, for example, was seen to be less
effective than doubling the concentration of sugar for the same food. We will
elaborate this type of thinking below, when we deal with stimulus-response
analysis and response surface designs.

Stimulus-Response Analysis

Product design becomes far more powerful when we move from testing one product
or several unrelated products to a set of prototypes that are systematically varied. The
original thinking comes from both statisticians who promoted the idea of DOE
(design of experiments) and from psychophysicists who promoted the idea of
uncovering lawful relations between physical stimuli and subjective responses.

Beyond the design of experiments, the creation of the systematically varied
prototypes lies on an entire body of statistics known as regression analysis or
curve fitting. With regression analysis, one discovers how a physical ingredient or
set of ingredients drives a response, the most important response being overall
liking. Furthermore, with nonlinear regression analysis, it becomes easier to uncover
optimal or most highly liked product formulations within the range of prototypes
tested, but a formulation not necessarily one of the prototypes created.

Figure 4 shows a schematic example of the approach. The regression modeling
typically creates either a linear plot, described by the equation and shown as
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Fig. 4 Schematic example of scatterplots showing the relation between a dependent variable
(ordinate) and either one independent variable (panels A and B) or two independent variables
(panels C and D). The plots represent the type of relations one might observe when the dependent
variable (ordinate) continues to increase linearly with increases in the independent variable (panel
A, panel C) or when the dependent maximizes at some intermediate point of one or both indepen-
dent variables (panel B, panel D)

examples (left panels) or described by a quadratic equation, in Fig. 4 (right panels).
The plot can either reflect a one-ingredient system (Panel A, Panel B) or a two-or-
more ingredient system (Panel C, Panel D). We present a visual only of the two-
ingredient system, but the mathematical modeling can accommodate many more
independent variables, even when we cannot easily visualize the model.

Regression modeling plays an important role in product design for at least two
reasons.

1. Regression provides insights into what might be important, giving specific,
testable direction for product design. The developer creates a quantitative



1 The Origin and Evolution of Human-Centered Food Product Research 23

structure to discover what operationally varied factor might be important, rapidly
providing insights that could not be obtained were the effort to be focused on one
product.

2. The second, perhaps more important, is that regression analysis forces the
necessary shift from focusing on one product to focusing on many products.
One soon realizes the futility of efforts to understand the drivers of liking by
relating the rating of liking for one product to the rating of sensory attributes for
the same product, using as inputs, both the sensory and the liking ratings
assigned to a single product by many respondents. The reliance on one product
alone produces a fallacious approach, confusing the “noise or variability-based”
information in the variation of responses to one product with the “signal-based”
information from the variation of responses to many products. As the intellec-
tual development of the field proceeded, this change in focus, from the study of
variability to the study of patterns, would inevitably lead to more powerful
tools.

Expectations

Another methodological breakthrough in the development of consumer methodol-
ogy for food and drinks was the application of expectation theory and expectation
methods. Perhaps the lead researcher in this area has been Armand Cardello from the
US Army Natick Laboratories. Cardello (2007) lays out the history of expectation
theory and research. Like some other methods in this chapter, expectation theory and
methods developed within psychology in the earlier part of the twentieth century.
Broadly speaking, expectations refer to the anticipation that something will occur;
when applied to foods and drinks, expectations refer to the anticipation that a product
will contain an attribute or result in a consequence. Early discussion of expectations
focused in its role in human behavior, especially motivation and cognition. Expec-
tation was applied to consumer research in the 1970s in the context of models of
consumer satisfaction and service quality. This satisfaction work led Cardello and
colleagues to apply the expectation model to product satisfaction (Cardello et al.
1985; Cardello and Sawyer 1992).

Expectation research uses the model of confirmation/disconfirmation in which
a person’s expectations are either met (confirmation) or not met (disconfirmation),
resulting in a product producing satisfaction or rejection. Research has shown that
the acceptance rating of a product often moves in the direction of its expectation,
referred to as assimilation. If you expect a product to be good, you will rate it
higher than if you expected a lesser rating. This is important for product design,
product advertising, and product success, because final acceptance by the con-
sumer is due to the actual product attributes but also to the expectation of those
attributes. Product liking is due to more than the physical make-up of the product,
as noted above. In addition to the assimilation model of expectations, there are
also other models including (1) generalized negativity, (2) contrast, and (3)
assimilation-contrast. The contrast model is one that is observed when a product
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falls much below its expectation, leading to rejection. Setting product expecta-
tions too high can lead to product rejection.

Conclusions

As we reach the end of this history, and this writing (2019), we are approaching the
greater part of a century since the first efforts at applying knowledge about the
human senses have been applied in a significant way to the development of foods.
What then have we learned in the past century? What has really transpired, and how
have we developed? There are some key trends that we should note.

1. Descriptive analysis: Research revealed that for easily understood attributes,

the ability of consumers to detect and report the magnitude of changes was
equivalent to that of experts, at least for sensory attributes that were obvious,
and did not need explanation to be recognized before being evaluated in an
experiment (Moskowitz 1997; Ares and Varela 2017). Research has shown that
it’s not all about experts, with consumers relegated to relatively blunt instru-
ments whose only ability was to respond with “like, neutral, or like.” Rather,
one should look at experts as trained to recognize notes and to describe whether
this description is relevant to product design or simply limited to quality
control. It is important, to note, however, that consumers, even untrained
consumers, can do a reasonably “good job” evaluating sensory attributes that
are easy to understand and with which they have had everyday experience.
However, some commercial research heavily depends on trained panels for
quality control and other functions.
In a broader sense, trained panel work has not delivered what people thought it
would deliver. There was a sense, perhaps not well stated, that if we understand
the sensory properties of the food, we could formulate newer and better products.
Unfortunately, the promise of descriptive was never fulfilled in an operationally
defined way. That is, there seems to be no simple relation between how a product
is described and what the product developer must do to change the product.

2. Product testing: Testing products has survived and flourished. Today, more than
ever, corporations depend upon the scores in so-called product tests to move
forward with a prototype toward market, to modify the prototype, or sometimes to
just “kill” the project. Testing, in fact, of all the contributions from human
research, has been the most absolutely robust, perhaps because it is structured
and well-choreographed, admits to “best practices,” and can be supported by
numbers, by statistics. All three of these reasons make it easy to adopt testing as a
standard procedure in corporate work.

But a number of things have changed in product testing. The product evaluations
are typically done with “target consumers,” i.e., with consumers who are repre-
sentative consumers of the products. They are less frequently done with
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convenience panels, i.e., panelists who are company employees and available for
testing. For larger companies, product testing is often done in multiple countries,
without the assumption that one test in one country guaranties global success.
What remains to be done is to better design these cross-cultural tests, which
remain a challenge, as discussed at a Pangborn Sensory Science Symposium
(Goldman 2006). Another change in product testing is the growth of the field of
sensometrics, with much more advanced statistical designs for data collection and
analysis. A final change is the growing appreciation of the context in which
product tests are conducted, with a growing use of home testing and non-
laboratory testing. Of great interest here is the growth of virtual reality as an
alternative to changing actual testing locations (Meiselman 2019).

. Experimental design: Experimental design of products has had its ups and downs,

due in great measure both to the benefits it provides and to the effort and cost it
demands. Experimental design forces the developer to create products, an effort
often resisted because it requires time, investment, and effort, all three in a world
which seeks success using faster and less expensive methods. Those are the
downsides, which stop experimental design in its tracks and limit its true value.
We can expect more experimental design work, however, when the methods
become less expensive, faster, and obvious, rather than seeming esoteric and
unapproachable.

. Expanding the field — sensory becomes sensory and consumer: In the early 1970s,

the Institute of Food Technologists formed the Sensory Evaluation Division
(SED). At that time, the world of human food research as we think of it comprised
the so-called sensory researchers in laboratories. There were some researchers
such as author Meiselman who campaigned for the broader study of food habits
(Meiselman 1992), but the majority of research facilities and research focus
remained steadfastly on what we today would call sensory issues, with foods as
the primary focus and the person as a secondary, convenient instrument on par
with instruments but of course an instrument which “evaluated” as well (good
versus bad, etc.). Over the decades, however, the world of human food research
expanded its borders, incorporating market researchers and anthropologists. The
IFT later changed its name to the Sensory and Consumer Sciences Division to
recognize the importance of consumers.

. Data analysis: The advent of the computer has brought with it many methods. It

is hard to know which methods have lasting impact. There are those which appear
at one or another conference, and have “staying power” such as temporal
dominance as a research tool or conjoint measurement for messages as research
and as a development tool. There are also methods that are accepted, but their
utility is less clear, such as mean drop analysis, a method of cross tabulation of
one product to find out what are the important attributes. We can be reasonably
assured that the continually increasing group of young, sophisticated, and moti-
vated researchers will continue to introduce new data analytic methods at today’s
pace and no doubt increase the pace in the future.
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Abstract

This chapter offers a very broad survey of the transformation of diet in past
2500 years. Such an ambitious venture tends to highlight spectacular changes,
such as the so-called Columbian exchange of the late sixteenth century. These
changes undoubtedly altered the diet radically, but many other, small and less
striking developments also played their parts in the long run. This survey focuses
on the history of eating and drinking, primarily but not exclusively in the West,
and not on the history of agriculture, commerce, retailing, or cooking.
It emphasizes the quantity and diversity of food, its consumption, food policies,
and health implications. Inevitably, all big and small changes in the food chain are
reflected in the history of eating and drinking.
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Introduction

Writing a survey of about 2500 years of eating and drinking throughout the world
cannot but be unsatisfactory and incomplete. Authors or editors who have ven-
tured to do this used hundreds of pages or several volumes, unless they considered
one specific foodstuff. All of these studies emphasize the crucial role of food in
great transformations such as urbanization or migration, as well as in everyday
processes such as identity construction or social differentiation. By asserting a
central role of eating and drinking in social relations, economics, policy, lan-
guage, medicine, gender, fears and dreams, or any other domain, this survey aims
to do no less.

Rather than proposing a chronological ordering, a thematic structure is chosen
with topics that have recently attracted great interest in historical studies. This
yielded eight chapters. The daily diet is connected to malnutrition and health,
which links up with dietary insights and advice; the latter connects to food beliefs,
policies, and rituals; all is situated within the exchanges of ideas, people, and
products. Geographically, this survey at first concentrates on Ancient Greece and
Rome, as the world of classical antiquity shows that developments did not take a
linear course, and at the same time often offered the origin and inspiration of later
ideas. Our survey takes a more global view from the late Middle Ages onwards.
Because the emphasis is on eating and drinking, this essay only marginally
addresses the history of agriculture, retailing, or cooking. Some aspects are,
inevitably, also largely ignored, such as time spent on eating or its material
culture.

Daily Diets

For long, the basic foodstuffs consisted of vegetables that provided the necessary
carbohydrates. Grain continued to be the staple source of life across Europe, rice
performed a similar role in East Asia, and maize allowed for the Inca, Maya, and
Aztec civilizations to prosper. The importance of complimentary foodstuffs — dairy
products, fish, meat, and legumes — varied according to place and time, but the
tyranny of the starchy crops was most prominent when necessity forced people to
choose for the cheapest sources of energy (Braudel 1992). Caloric intake was near
the subsistence limit for most people living before the industrial era, averaging
approximately 2,400 kcal per adult per day (Pomeranz 2005). Nevertheless, huge
chronological, geographic, and social variations existed.

The diet in Classical Antiquity it is often observed was dominated by the
so-called Mediterranean triad consisting of cereals, olive oil, and wine. Although
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not entirely untrue, this view needs nuance and clarification (Garnsey 1999; Wilkins
and Hill 2006; Wilkins and Nadeau 2015). First, there was no common diet in
Antiquity, as it varied according to geographical, rural/urban, and socioeconomic
background. Moreover, the general term “cereals” encompasses a wide variety of
crops, including various species of wheat and barley, each with different properties
and eaten in different forms. On the Greek mainland and islands, species of barley
remained important, as they were better suited to the dry climate, while the Romans
preferred wheat. There is a general trend over time from hulled wheats (such as
emmer wheat) to naked wheats, in particular hard wheat, which were easier to
process and transport, and therefore better suited to provisioning the cities (Heinrich
and Hansen 2018a, b).

Literary sources show a clear cultural preference for consumption in the form of
leavened bread, made out of hard wheat, although other forms of (un)leavened bread
were eaten too. Cereals were also eaten in the form of porridge. Various kinds of
cereals offered the largest part of calories, mostly so in cities, as the people in the
countryside had access to a wider variety of foodstuffs. Yet, consumption of pulses,
such as lentils, chickpeas, and faba beans, should not be underestimated. Cereals and
pulses were often eaten in combination. Olive oil was a staple in Mediterranean
lands, while lard or butter took its role in Central and Western Europe. Wine mixed
with water was common, but the poor generally drank sour wine (posca) mixed with
water, or the last dregs of pressed grapes. In the countryside, the milk of cows or
goats was drunk, but cheese was a more common way of consuming milk (Broekaert
2018).

Rich Greeks and Romans basically ate the same foodstuffs, but in more luxurious
forms — white bread rather than porridge — and in different proportions, with more
meat, sea-fish, richer wine, and fruits. Poor people, in particular in the countryside,
often had to rely on food that well-to-do Romans saw as fodder, such as barley and
other “inferior” cereals, while some country-dwellers had to make do with acorns
and chestnuts during part of the year.

Not only the number of calories matters, but also the variety of caloric sources.
Pulses and legumes were a vital source of proteins, which was all the more important
as the consumption of animal proteins was probably limited for most people, not
only in Antiquity, but also in later centuries. In the Greek world, many people
probably consumed meat of cattle, pigs, or sheep mainly in a sacrificial context
(Ekroth 2007). In Roman times, access to meat seems to have increased (MacKinnon
2004, 2018; Chandezon 2015). Fish was consumed fresh, salted, or otherwise
processed for long-term storage (such as the famous fish-sauce garum), but con-
sumption of seafood was limited away from the sea-coast (Mylona 2015; Marzano
2018).

The extent to which Europeans in medieval and early modern times were more
carnivorous than Asians, Africans, or Americans has been an important topic of
debate among historians (Braudel 1992). When European travelers, diplomats, or
merchants in the seventeenth and eighteenth centuries wrote about the diet of the
Chinese, Turks, or Japanese, they often remarked how rarely meat was eaten,
although later estimates have placed the aggregate protein consumption in the
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seventeenth century in China on par with that in England (Pomeranz 2005). Perhaps
differences were clearer in earlier times, since it is commonly held that in the two
centuries following the Black Death (ca. 1348), meat consumption in Europe was
more common than it had been before or would be again until modern times (Abel
1937; Teuteberg 1986). The idea was that the decline in population numbers and the
redistribution of resources and economic bargaining power following the demo-
graphic crisis of the Black Death allowed for a richer diet for the remaining
population. More recent research has called into question this straightforward
relation between meat consumption and demography, and in particular the rise of
meat consumption in the post-Plague period (Thoen and Soens 2010). However, it is
clear that after 1550, when the population began to exceed pre-Plague levels again,
regularly eating meat became a prerogative of the rich, or at least confined to a more
limited number of days per week or per year. Declining numbers of butchers,
decreasing revenues from excises on slaughtered animals, and the dwindling share
of meat in hospital budgets all suggest that the carnivorous consumption of
Europeans had finally reached the lowest point of its long decline since the
Middle Ages.

Everywhere across the world before the eighteenth century, most of the food and
drink was locally produced. Cities procured their food provisions as much as
possible from their immediate surroundings (a distance of some 25 kms), and the
local prevalence of meat, fish, and specific vegetables largely determined the daily
diet of consumers. Transport costs and the hazards of long-distance trade loomed too
large to allow for most — but not all — bulk consumables to be transported. However,
exceptions existed, and these became more prevalent over time. Some densely
populated places did import their basic necessities from much further away. Imperial
Rome depended on grain from Egypt and modern Tunisia, while Constantinople,
capital of the Byzantine Empire, received grain from the lands surrounding the Black
Sea and the Aegean. Florence relied on Sicilian grain since at least the thirteenth
century, regions such as Picardy exported large quantities of grain to Paris and
Flanders since the late middle ages, and in early modern times the urban population
of Holland relied on the regular shipping of grain from the Baltic Sea (Braudel
1992).

However significant such reliance on trade trade, these quantities and regions
were exceptional, as the vast majority of food and drink was consumed in the
immediate vicinity of where it was produced. This reliance on local produce does
not imply that monotony was the rule. Even for those who could not rely on the
import of foodstuffs from farther away, there was often a great variety of food types
available in medieval and early modern times. Forests, rivers, and wild places
abounded with wild birds, fish, mushrooms, herbs, berries, roots, nuts, fruits, and
edible plants that either disappeared over time or were in later times no longer
deemed sufficiently edible (Albala 2003).

By the late eighteenth century and worldwide, the so-called industrial revolution
had affected the daily life of ten-thousands of people in a negative way: many men
and women lost their job, called upon charity, moved to overcrowded towns and
became fully market-dependent. Only few people gained from the process of
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industrialization thanks to high returns or well-paid jobs in new trades. As a
consequence, social and spatial inequality grew, with direct effects on the daily
diet. It took several decades before the majority of the people, aided by rising
purchasing power, benefited from improvements in agriculture, transport,
manufacturing and distribution, which coincided with big geographical disparities.

Data of the Food and Agricultural Organization, starting in 1961, allow to assess
the nutritional transition in the world since 1800 by adding estimates on caloric
intake per head in the nineteenth and first half of the twentieth centuries (FAOSTAT
2018; Allen et al. 2005). Around 1800, parts of Asia, Europe, and North America
had a similar supply of about 2,300 kcal per head per day, but different protein intake
due to higher consumption of meat and dairy products in Europe and North America.
Other parts of the world had much less food available. The average caloric supply in
Western Europe rose slowly until the late 1850s, albeit with huge fluctuations and
geographical variations, to grow almost linearly up to the 1910s (3,200 kcal), which,
for the first time in history, assured food security for most of the West-Europeans.
Then, calorie supply declined until the 1960s (3,050 kcal), to increase again since
then (3,350 kcal).

In general, most parts of the globe lagged behind this West-European pattern to
various degrees. Changes of the human height (in which food plays a crucial role,
next to diseases, hygiene and preadult labor) allow us to assess nutritional standards
in the past. The average stature of men in northern Europe gradually declined from
the late middle ages until the early nineteenth century, when it started to grow
irregularly (Baten and Blum 2014; Steckel 2005). In Latin and North America,
height stagnated in the nineteenth century and grew afterwards, especially in
Canada and the United States; in Asia it dropped until 1880 and, again, in 1910 to
only increase after 1950; height fluctuated heavily in Sub-Saharan Africa in the
nineteenth century, to stagnate in the twentieth century; finally, height oscillated in
North Africa and the Middle East until the 1910s, to increase from then onwards.
After 1960, the world’s average caloric supply grew to 2,880 kcal per head per day
(in 1961: 2,200). This caloric intake fulfills energetic needs and brings about a fast-
growing group of people with overweight in many countries. Yet, health concerns
gradually influence the wealthier people’s food consumption in well-off countries,
who lower their consumption of, for example, sugar and alcohol.

As mentioned above, up to the 1900s most people ate and drank what was locally
produced. Only small, elite groups regularly consumed food and drinks that came
from remote shores, for example, cocoa, wine, or spices. Yet, radical changes
occurred with the coming of new foodstuffs that, gradually, were locally grown
(see below, the Columbian exchange). For instance, the diffusion of potatoes in
Europe or of cassava in Africa and South-East Asia transformed the staple food in
the first half of the nineteenth century. However, as the international trade intensified
after 1850 (among other things, caused by expanding colonialism), the daily diet
transformed once and for all. Worldwide, a pattern has developed in which the rising
purchasing power of the masses determined the pace of changes. At first, more of the
staple food is consumed, then, little by little, more expensive food (meat, fats, sugar,
dairy products) drives back the importance of staple foods, and finally, a diverse diet
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emerges with a high share of animal foodstuffs (Grigg 1999). This global process
involves the expanding consumption of manufactured food, the lengthening of the
food chain, the fading away of seasonal foods, the appearance of “food niches”
(aimed at particular groups such as youngsters, sportsmen or young mothers), and
the idea of food security and of individual choice regarding eating and drinking
(Scholliers 2007). This transformation can be summarized by the concept of nutri-
tional transition, or the move from almost constant undernourishment to enough and
even too much food (Popkin 2011).

From Malnutrition to Obesity

The cereal-dominated diet of the premodern world has often been regarded as poor in
nutrients, but this is a misconception that takes insufficiently into account that other
elements of the diet (though often contributing little in calories) offered various
nutrients (Heinrich and Hansen 2018a). While two decades ago it was generally
assumed that dietary deficiencies were widespread among the population of ancient
Greece and Rome (Garnsey 1999), recent studies are less pessimistic about health
and living standards (Waldron 2006; Killgrove 2018). Medical literature indicates
the presence of diseases, like scurvy, that are the result of an unbalanced diet, but
does not indicate how many individuals were affected. Osteological analysis of
skeletons offers insight into the health of individuals. Porotic hyperostosis, for
example, a condition that leads to porous bone tissue in the cranial vault, has been
interpreted as an indicator of widespread iron deficiency, but was in most cases
probably caused by red blood cell shortage, parasites or lead poisoning. Recent
studies find relatively few indications that individuals had suffered from chronic
dietary deficiencies. On average, yet, people in Roman times were shorter compared
to earlier and later periods. However, this is largely the result of the lesser intake of
animal proteins, as the skeletons were predominantly taken from urban graveyards.
Most osteological studies do not point to a clear difference between men and women,
although, in view of male dominance within the households, it is reasonable to
assume that under stressed circumstances, women and children were more vulner-
able than adult men.

Chronic under- and malnutrition were common experiences in the medieval and
early modern world as well — but again this should not be generalized. The spread of
diseases related to overly monotonous diets also points to the role of malnutrition —
especially in the centuries leading up to the industrial revolution. Scurvy, caused by
lack of vitamin C, is well known for its prevalence among sea-farers. More common
was pellagra, also caused by vitamin deficiency, which was widespread in
eighteenth-century Italy as a result of an overreliance on maize (the daily diet of
the poor). In Asia it was beriberi that was caused by poor diets with a lack of variety
and vitamin content. Health implications, caused by deficient nutrition, endured in
the nineteenth and twentieth century, but diminished unevenly and gradually
according to dietary improvements in specific parts of the world. The nutritional
transition initiated different health issues.
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Overweight people have always existed, but they constituted a small minority in
most parts of the world during most of the time. In Europe and the United States,
corpulent men and women often were a sign of well-being, but very obese men and
women were a curiosity at fairs (Oddy et al. 2009). Only after the transition from
insufficient to rich diets, fat people were perceived as an issue. In the United States, a
“creeping” obesity crisis occurred. It appeared in the 1910s, when health concerns
about overweight people mixed with notions of the ideal body, which led to
innumerable dieting schemes, but burst after the Second World War.

With regard to both under- and overconsumption of food, debate exists about
responsibility: the individual or “society”? For a long time, the former received the
most attention, but more recently the latter gained more support — referring to the
global escalation of convenience foods, fast expanding eating out, and the role of
advertisements.

Famine

The harvest of staple foods was vulnerable to adverse weather, but also to man-made
disruption, such as plundering soldiers. Growing barley or other so-called inferior
cereals, which had short growing cycles and were less vulnerable to drought, alleviated
but did not solve the threat of harvest failure. During Antiquity, general mentions of
the fear of shortage and famine are numerous, but it is difficult to establish how
frequent and serious food crises were. Literary sources on the ancient world pay most
attention to political centers like Athens, Rome, or Constantinople, but precisely their
political status ensured them a stronger entitlement to food. High food prices probably
caused increased mortality among the urban poor and certainly caused increased
inequality. If literary or epigraphic sources mention food shortages, it generally is to
emphasize the measures taken by rulers, benefactors or — in the Later Roman Empire —
the Christian church, but the gravity of the crisis is hidden from our view. Widespread
drought or back-to-back harvest failures depleted reserves, leading to famines charac-
terized by increased mortality. The few famines that are narrated in detail show that,
just as in later times, they caused high mortality due to epidemics rather than
starvation. Reliable figures are rare in sources on the ancient world, but occasional
claims of hundreds of thousands of victims (e.g., 800,000 in Numidia in 125/124 BCE
according to Orosius 5.11.1) are not to be rejected out of hand (Erdkamp 2018).

In the medieval and early modern world too, famines were a recurrent phenom-
enon, given the persistently low surplus produced in premodern agriculture. Almost
everywhere famines were frequent: at least once every generation in premodern
times a wide-spread famine struck most places in Europe, leading to anxiety and
insecurity (O Grada 2010). Unlike modern famines, medieval and early modern food
shortages were usually caused by back-to-back harvest failures, often the result of
too little or too much rain. They could be influenced by natural disasters such as
long-term climatic shifts or volcanic eruptions (for instance, the Famine of One
Rabbit of 1454).
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However, the risk of famine was not equally spread across premodern societies,
and man-made factors could severely exacerbate the destructive forces of nature.
Warfare increased the chance that bad harvests would result in famine, as when the
notoriously wet springs of 1315 and 1316 combined with warfare, caused a three-
year-long famine across much of Northern and Central Europe. The unevenness
across time and space with which famines struck the preindustrial world also
suggests that risks could be mitigated even before modern times. Harvest shocks
could be better absorbed where yields were higher, where transport networks were
developed more fully, and where agricultural surplus in good years allowed for
coping mechanisms to be better developed. A wide range of precautionary measures
were practiced throughout premodern Europe. In times of scarcity, marriages were
postponed, with a reduction in births as a result. Public granaries could allow the
storage capacity to overcome temporary adversities, and trade or exchange arrange-
ments could similarly help to overcome setbacks. If dearth struck nevertheless,
poorer consumers tried to safeguard their caloric needs by “trading down” to inferior
substitutes for wheat, such as oats or barley.

As a telling sign of the early improvement in the English economy, the size and
duration of food crises declined gradually over time, to such extent that it was spared
major peace-time famines since the 1620s. In Japan famines occurred less regularly
in the seventeenth and eighteenth centuries than before. In Germany famines also
became rarer in the eighteenth century, but in most parts of Eastern Europe the threat
of famine lingered on until at least the end of the eighteenth century (O Grada 2010).

In the nineteenth century, the general improvement of food supply and the
growing buying power ended periods of starvation, except for specific episodes
linked to war. Yet, also plant illness, weather conditions, ruinous policy, and
speculation caused starvation. Some of these factors were increasingly under control
in more and more parts of the world since the 1950s, although there remain “problem
areas” while new risk areas emerged (Messer 2013). Estimations of the number of
deaths due to famine reveal huge fluctuations between 1870 and 1920 (3.1-16 mil-
lion deaths per decade), a disastrous increase between 1920 and 1970 (9.8—16.6 mil-
lion), and an impressive fall since 1980 (0.9—1.3 million) (De Waal 2018). Mass
starvation occurred in India under colonial rule in the 1870s, in Ukraine in
1932-1934, in large parts of the world as a consequence of the Second World
War, and in China during the Great leap forward of 1958-1962. Since the 1960s,
the Horn of Africa is permanently imperiled by hunger, which international aid
campaigns only partly remedied.

Globalization and Intercultural Exchange

Throughout Antiquity crops and animals were spread from East to West, including
such seemingly ordinary foodstuffs as peaches, wine, and chicken (Garnsey 1999).
The consumption of wine, which was imported into Gaul by Greek traders, was
adopted by Celtic leaders as a means to emphasize status. The increasing commu-
nication and trade across long distances under Roman rule stimulated the process of
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the diffusion of new crops and animals even more. Roman soldiers and civilians in
central and northern Europe held on to their culturally accustomed foodstuffs, and in
the early empire olive oil, wine, and fish sauce were transported from the Mediter-
ranean to the northern provinces. Wine cultivation spread northwards too, first in
southern Gaul, later also further north. Olives only grow in a limited range along the
Mediterranean coasts and hence olive oil disappeared in central and northern Europe
when the ethnic composition and dietary preferences of the Roman army changed.

Among the plants spread northwards were several Mediterranean herbs like
coriander, poppy seed, dill, and mustard. Commerce along trade routes towards
the East, reaching India and even beyond, ensured a steady supply of black pepper
and other spices (Sidebotham 2011). The price of pepper was not excessive, and it
was within reach of large segments of society. With the decline of the Roman Empire
in the West, many imported foodstuffs disappeared, though some plants became
permanent features of central and northern European garden plots (Cool 2006).

From the late middle ages onwards, the search for profitable spices spurred
European overseas expansion and the desire for more reliable and abundant supplies
of exotic cash-crops lay at the heart of the slave-based plantation system that was set
up across the world (Curtin 2002). A desire for exotic foods and drinks was not the
only factor in these developments: so, too, were intra-European warfare and imperial
competition, the search for precious metals, and nonfood consumer goods. Never-
theless, food did play an important role. Exotic condiments had been known in
Europe since Antiquity, and with the growth of international commerce in the later
middle ages, they regained their place in the European imagination, if not perhaps in
most kitchens. Spices such as pepper, cinnamon, cloves, or nutmeg travelled from
East Asia to Venice, and then further across Europe (Freedman 2008). Since
quantities were low and prices high, the incentive to find new routes was huge. By
the end of the fifteenth century, Portuguese and Spanish seafaring had resulted in the
establishment of a direct sea route around the African continent to the Indian Ocean,
and in the opening of the American continent to European exploration, conquest, and
commerce.

The spectacular strengthening of global commercial ties as a result of the new sea
routes pioneered by Vasco da Gama and Christopher Columbus brought about major
shifts in eating and drinking practices across the world. The variety of edible crops
expanded everywhere. Europeans, for instance, discovered sweet potatoes, maize,
chili peppers, and tobacco in the Americas. Over the following centuries they would
also become familiar with tomatoes, green beans, turkeys, cacao, and squash.
Meanwhile, wheat, horses, and livestock travelled in the other direction. This
so-called Columbian exchange did not leave untouched the world outside of the
Atlantic. Maize, cassava, and groundnuts were introduced from America to Africa,
while tomatoes, sweet potatoes, and chili peppers influenced Asian eating practices
(Albala 2003). Other things being equal, these exchanges themselves reduced global
vulnerability to famine (O Grada 2010).

From the sixteenth century onwards, the grip of European trading companies on
the global production sites of exotic comestibles was gradually strengthened. In the
most extreme cases, this resulted in colonial exploitation, with slave-based



40 P. Erdkamp et al.

plantations for the production of sugar, nutmeg, coffee, or tobacco as sad examples.
In other cases, such as those of tea or pepper, no unfree labor was involved until the
nineteenth century, yet the quantities produced, shipped, and consumed globally still
expanded to unprecedented levels. Already before modern times this implied that
global consumer goods could become within reach of average — and even poor —
households in Europe (O’Rourke and Williamson 2009). However, it is a telling
irony of the early modern age that even though globalization in theory brought more
potential variety in eating and drinking habits, in practice it was for many a period of
increasing monotony. Sugar and pepper became more widely consumed than ever
before, but at the same time a range of other spices almost entirely disappeared from
European kitchens after the sixteenth century. Potatoes and maize could offer more —
and cheaper — calories per hectare, as a result of which some European regions
gradually became overly reliant on a monoculture of those crops, leading, for
example, to the Irish Great Famine of the 1840s.

The Colombian exchange not only affected the types of food and drink consumed
worldwide but also sorted cultural effects. From at least the sixteenth century
onwards, eating and drinking rituals, their meanings, and their connotations travelled
the world. They influenced the performances of eating and drinking themselves, as in
the case of smoking or the drinking of hot beverages, which were unknown in
Europe before the introduction of tobacco, coffee, and tea in the seventeenth century,
but also the meanings of food and drinks: their perceived medical effects, or the
degree to which they could function as social markers. This globalization of foods
and drinks thus brought with it a complex history of cultural and scientific exchange,
in which the perceptions, uses, and qualities of foodstuffs became appropriated
differently in new contexts. Chocolate, for instance, was first introduced in Spain
from Meso-America as a spicy rather than as a sweet drink, yet between the
seventeenth and early nineteenth centuries it was gradually transformed into a
sweet beverage with aristocratic connotations (Norton 2008).

International food trade grew swiftly from 1815 to 1914, then weakened up to
1940, but skyrocketed after 1950 (Federico and Tena-Junguito 2016). The colonial
system until the 1960s and, then, free trade enabled this growth. Foods such as
cocoa, life cattle, alcoholic beverages, and, increasingly, grain represented the bulk
of the overall trade until the First World War. The share of fresh food diminished as
manufactured foodstuffs, such as canned food, biscuits, dried pasta or soft drinks,
grew in the 1920s. New modes of transport and preservation, particularly cooling —
also in private homes, first in the West, then globally — revitalized international
trade in fresh food such as herbs and dairy products since the 1960s, which
contributed to the idea of ever-expanding choice, although it furthered global
homogenization.

Availability of food from far remote shores changed the diet radically. The mass
import of American wheat into Europe from the late 1870s onwards, for example,
caused the fall of bread prices, which was the condition to revolutionize the overall
spending pattern. The share of bread in the total budget of an average West-European
household plunged from about 40% in the first half of the nineteenth century to 15%
in the 1920s and to 3% today, gradually initiating the so-called consumer society.
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Exchange of goods came along with the exchange of money, people, and ideas.
Migrants took with them not only their language and religion, but more tenacious,
also their foodways (Gabaccia 2017). The flow of migrants rose impressively
throughout the nineteenth and twentieth centuries, with millions of people moving
from Europe to the Americas, from Africa and Asia to the Americas and Europe, and
within each continent. They all opened their own shops and eating places, often
confronted with prejudices and xenophobia, although, inevitably, mixed diets
emerged to various degrees, such as fusion (i.e., combination of existing foodways)
or creolization (i.e., creation of new forms). This led to paradoxes to which testifies
the fact that chicken tikka masala was labeled the English national dish in 2011.
Culinary writers and performers (chefs, travelers, bloggers, ...) contributed to the
wide diffusion of both indigenous (“authentic” or “traditional”) and creolized dishes
in an ever-growing flow of culinary books, exhibitions, articles, and radio- and
TV-shows.

Governing Eating and Drinking

All over the world and throughout time, governments interfered with eating and
drinking, and in some periods most people actually depended entirely on help to
survive. Starvation, however, was not the only reason to develop specific policies.
Political and economic structures and strategies were aimed at securing the food
supply of the urban populace in Ancient Greece and the Roman Empire. Most towns
and cities relied largely on their hinterland, and taxes and rents ensured a large
percentage of the harvest. When local harvests failed, imports were required.
However, high transportation costs over land and limitations of communication,
commercial networks, and buying power restricted access to outside resources for
much of the people. Apart from the most powerful ones, towns and cities did not
control outside resources and were therefore limited to measures intended to attract
traders to supply the urban market. Guided by the notion of a “just price,” close
supervision and regulation of the city’s food market aimed at keeping prices low and
avoiding speculative behavior. However, authorities did not have the means to
prevent high prices when the supply failed. Members of the urban elites frequently
stepped in by selling food at prices that were below current market level (Erdkamp
2005). Only with the rise of Christianity in the Later Roman Empire did measures
emerge specifically aimed at the poor and destitute (Garnsey 1999).

Food riots did not occur in classical Athens, as the democratic institutions gave
the citizens sufficient means to put pressure on authorities. Urban food riots did
occur in Roman times, though, and not only in Rome. Riots were seen as the
expected consequence of price rises, which indicates that they were relatively
common (Erdkamp 2002). The political status of Rome and, later, Constantinople
ensured a stable supply. The well-known distribution in Rome of free grain (later,
bread) to adult male citizens was instigated in 123 BCE as a measure to stabilize
the food market. From Augustus onwards, roughly about one third of the population
of Rome ate grain or bread provided through this scheme, but also the
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remainder largely went through state-controlled supply channels known as the
Annona (Erdkamp 2005).

In classical Athens, public largesse was a civic duty of the rich; in imperial Rome
it was a monopoly of the emperor. Outside Rome the local elites demonstrated and
legitimized their social and political position by benefactions that included public
banquets, which reflected the social hierarchy of the communities: the higher the
status of the recipient in the community, the better treatment in terms of food and
wine that he could expect during the banquet. Sumptuary laws issued by Roman
statesmen and emperors ostentatiously aimed at limiting excessive spending on
luxuries, but the frequency with which these were issued shows that they had little
impact on reality, beyond emphasizing the virtues of the lawgiver.

Medieval and early modern governments were most clearly concerned with
regulating access to foods and drinks, rather than with eating and drinking itself.
Market regulation attempted to guarantee the fairness of the prices for basic food-
stuffs (the aforementioned notion of a “just price” lingered on until today), as well as
the quality and safety of foods that spoiled quickly, or of which the quality could not
be visibly or tacitly gauged. Eating and drinking itself was much more rarely the
subject of governance intervention, unlike the abundant sumptuary legislation that
attempted to regulate the wearing of clothes by limiting specific clothing types to
specific social groups or occasions. In some cases, such legislation was also imposed
on eating and drinking habits, for instance by imposing limits on the lavish spending
on wedding and funeral banquets. It is unclear if such regulation sorted much effect
(Hunt 1996).

Today, food supply still worries authorities because lack of food often causes
social outbursts (e.g., Egypt’s bread riots in 2017). In the nineteenth century,
securing sufficient food came along with quality concerns about food. The former
intensified throughout the world because of the growing dependency of the market
and the need to feeding the wage workers at low cost, but the latter — food safety —
was mostly new (Bruegel 2012; Joseph and Nestle 2012).

To secure sufficient and cheap food when domestic output coped with difficulties,
national authorities lowered taxes, subsidized producers and retailers, established
control systems with maximum prices, put up storehouses, and organized food
distributions. In many countries after 1950 food crises vanished, and only tariff
policy remained. Yet, many people hold authorities responsible for taking care of the
food supply. In other countries, however, diverse food policies continued to be
applied according to food availability. Local initiatives influenced eating in a very
direct way: public and private charity distributed staple foods on a daily basis, as was
the case in Europe in the 1840s, 1850s, and during both world wars. This still is the
case in many countries around the world until today, including rich Western
countries.

Other interference with food related to alcohol consumption (Phillips 2014). For
long, too much alcohol drinking was seen as lack of self-control. Although it was
tolerated, public drunkenness was rebuked and penalized, lest it was totally pro-
hibited for religious reasons. In Western countries in the nineteenth century, how-
ever, drinking was medicalized and conceived as a social problem, labeled
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alcoholism. It was central to the authorities’ so-called social question that included
immorality, delinquency, disease, prostitution, socialism, and other calamities. Con-
sumption of strong drinks would lead to unemployment, poverty, misery and,
inevitably, ruin the body and the family. Antialcohol campaigns emerged in the
1810s and intensified in the 1840s and, again, 1880s, which brought about successful
temperance movements all over the world. In turn, since 1900 this led to temporarily
or partly prohibition of producing, selling, or consuming alcohol in many countries
across the world, such as Australia (1910—-1928), some states in India (after inde-
pendence), Norway (1916—1927), Russia (1914—-1923), the USA (1920-1933), and
Yemen (1962-1990).

Wine and spirits were often adulterated. Food fraud was not new, it came under
many forms and related to many foodstuffs. However, the nineteenth century, again,
led to new challenges (Atkins 2013). These were due to big transformations (indus-
trialization, urbanization, individualization, .. .), as well as to the lengthening of the
food chain, which included a growing number of actors who saw profit opportuni-
ties. Water was added to milk, chalk and field beans to flour, which was illegal but
did not threaten health; copper sulfate, coloring agents, alum, and all sorts of stuffs
were added to flour, which also was illegal but, moreover, could harm health. Until
the 1860s, authorities focused on honest food trade, but since then also health
concerns were part of regulations. Detecting food adulteration was done by chemists,
physicians, and charlatans, but increasingly so by recognized chemical laboratories,
serving the authorities, merchants, and consumers. These could easily discover
falsifications by 1900 but had difficulties with the emerging sophisticated production
processes (chemical flavor improvers, emulsifiers, color agents, sweeteners, . . .), of
which the general public became aware in the 1970s.

National and, later, international institutions fixed norms for quality so as to
guarantee generally accepted quality norms and, hence, trust in food. Influential
was the 1905 French legislation on appellations of origin pertaining to wine,
mustard, cheese, cider, and other foods, primarily intended for economic reasons,
but with an effect on quality and health. In 1963, the World Health Organization
started establishing international food standards (the Codex Alimentarius). Recur-
ring food scandals, however, led to genuine food panics, as for instance in Scotland
in 1964 (corned-beef typhoid outbreak) or Japan in 2008 (poisoned dumplings),
which backs Ulrich Beck’s notion of “risk society” (Ferric¢res 2006).

Optimal Diet

Philosophy and medicine in classical antiquity are intricately linked, and both can be
seen as characterized by a system of contrasts. First, the contrast in Greek and
Roman perception between the cooked and uncooked, cultivated and wild, civilized
and barbaric, which reflected the dichotomy between “us” and “the other.” Barbar-
ians ate uncooked food and products of the wild, unlike civilized people who ate the
produce of cultivated fields and domesticated animals. Whether Scythians, Huns or
Homer’s cyclops, they were characterized in Greek writing as not belonging to the
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realm of civilization by their food and drink. Another contrast was that between
excess and moderation, the first also a mark of the uncivilized. In Plato’s view of the
soul and body, intellect is located in the head, emotions in the heart, while the lower
belly is linked to the lesser needs of humankind. Giving in to the needs of the body is
a sign of moral weakness, to which not only barbarians, but also slaves and women
were thought easily to succumb. Restraint in the face of luxury and pleasure is a
common ideal in Graeco-Roman philosophy, most explicitly in that of the stoics
(Wilkins and Hill 2006).

Medical thinking was based on the principle of the four humors
(or temperaments), propagated by the writings of the second-century physician
Aelius Galenus (or Galen). According to this theory, the balance of bodily fluids
in the body determined one’s health. The four humors were either hot or cold, dry or
moist. Food and drink were not only characterized by both contrasts, but they also
contributed to the balance of the body. Hence, food played a large role in medicine,
as ailments were thought to be caused by an imbalance that could be cured by a
particular diet. Women differed from men, being moist and cold, and therefore
required a different diet from men (Wilkins and Hill 2006).

These lines of thinking largely prevailed in the early modern period. As is fitting
for a world in which medicine enjoyed only few successes, and the little effect it
sorted was more obviously noticeable in preventing rather than in remedying illness,
knowledge about the dos and don’ts in eating and drinking was considered crucial
for good health. More so than in modern medical or dietetic sciences, mental and
physical well-being were thought to be very directly linked to what one ate and
drank. Medical thinking on the subject in the medieval and early modern era still
relied mostly on the synthesis made by Galen, whose ideas were re-introduced in the
European middle ages by Arab translators. This theory provided the framework from
which arose a range of theories that would dominate discussion about the optimal
diet up to the 1910s.

Since each individual had his/her own humoral composition, and all organic
matters were composed of elements with specific humoral properties, there existed
no universal optimal diet. Rather, the specific humoral properties of each individual
at a given moment determined what the optimal diet was. Age, gender, weather,
illness, occupation, and activities all played a role in determining the suitable diet.
The main object of discussion was then how to reliably determine which humoral
properties a given condiment possessed. For this one could rely on the knowledge
inherited from antiquity, on appearance and taste, or on similarity in provenance and
type to other foods whose properties were known.

This is not to say that medical thinking on diets did not change between the high
middle ages and the end of the eighteenth century: sixteenth-century humanists such
as Andreas Vesalius turned their attention to the original Greek texts of Galen,
instead of relying on older translations from Arab, and as a result of the studies of
humanist scholars, the texts of Hippocrates were re-discovered as one of the original
sources that had influenced Galen. However, by and large such changes in medical
knowledge required only minor adjustments and corrections to dietetic knowledge
but did not fundamentally alter the way of thinking about the relation between food
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and health. Deeper shifts in medical thinking about the optimal diet emerged only in
the seventeenth and eighteenth centuries, when different schools of medical thinking
emerged, such as the iatrochemical school of Paracelcus, and the Leiden school of
Hermann Boerhaave. However, the effect of these new modes of thinking on
dietetics was in most cases superficial and slow to spread. Until the early nineteenth
century most prevailing ideas about diets derived from older, humoral, ways of
thinking about the human body, even if they were no longer explicitly motivated in
those terms (Albala 2003).

For the majority of the world population before the nineteenth century the choice
of food and drink was overwhelmingly dictated by local availability. Nevertheless,
for better-off households there was room for fashion and taste. In sixteenth-century
Europe, Italy was the culinary fashion-maker, the place from which shifting tastes
gradually spread around. The most influential exponent of Italy’s role was
Bartolomeo Scappi, whose Opera of 1570 provided an exceptionally thorough
illustrated guide to Italian gastronomy in his time. In the early seventeenth century,
Spain would become the new gastronomic center, before moving to France.
Although the limited availability of imported foods and drinks compared to today
might make the impact of fashion less obvious, there are clear examples of changing
tastes over time in the early modern period. The separation of savory from sweet
courses (deserts) in the different courses of a meal is an invention of seventeenth-
century French gastronomy that became so self-evident that for many modern
observers it is hard to perceive that it is not a universal preference of humans, but
a taste that was only developed very recently in the history of humankind.

The importance and success of culinary fashions in early modern Europe was
greatly helped by the invention of the printing press in the fifteenth century.
Although recipe books in scriptural form were frequently copied and enjoyed
some popularity already in the late medieval period, the sheer number of recipe
books printed from the sixteenth century onwards indicates a change in scale that is
unlikely to have occurred without the printing press.

Throughout the nineteenth and twentieth centuries, nutritional insights renewed
drastically, which directly affected the way people conceived of good eating (Car-
penter 2003). Around 1800, centuries-old concepts about the diet still prevailed,
although gradually new insights had emerged in the eighteenth century linked to the
so-called chemical revolution in Western Europe. Despite this, very old concepts
related to the four bodily humors left traces up to the 1960s. Three big innovations
may be detected in nutritional sciences in the nineteenth and twentieth centuries: the
application of the concept of calorie (1880s), the discovery of vitamins (1920s), and
the full awareness of dangers of overeating (1950s). Of course, dietitians dealt with
food-related illnesses (beriberi, scurvy, pellagra, etc.), but particularly the three
innovations inspired food recommendations to which the general public mostly
reacted ambiguously: some recommendations were totally ignored, while others
were eagerly applied.

Prior to the “calorie-era,” food advice and eating rules aimed at well-balanced
diets. This consisted of the staple food that should be complemented by protein-rich
foodstuffs, some variation in the menu, and suggestions regarding a peaceful eating
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atmosphere. These, and other eating rules, appeared in household education for
young girls in several parts of the world after 1870, aimed at cooking well at low
cost and creating a joyful home for husband and children. After 1900, the general
public started to learn about the notion that all food and drinks consist of carbohy-
drate, protein, and fat that provide energy, which is quantifiable by calories. Bodily
requirements were established too (3,000 kcal per day for an adult man). Hence, it
became easy to compute exactly the necessary daily intake of food. Moreover, the
kilocalorie “equalized” all foodstuffs, and therefore energy-rich food, such as peas
and sugar, was highly promoted, while even alcohol was seen as energy provider. It
took several decades to realize that sugar was not harmless, while the antialcohol
lobby immediately reacted against the preeminence of the calorie (Scrinis 2013).

The coining of the vitamin in the 1910s, previously the “unknown substances
essential to life,” had immediate impact on food advice and manufacturers, to which
testify the many advertisements in popular newspapers throughout the world in the
1920s and 1930s. Moreover, the insight that heating fresh food may partly eliminate
the effect of vitamins led to the reappreciation of raw foodstuffs. Whole meal bread
contains more vitamins than white bread. This led dieticians to promote the former
type, which the (European) consumer rejected until the 1990s. After 1950, food
supplements with all sorts of vitamins became increasingly popular.

Finally, the insight of the dangers of overeating concurred with the expanding
availability of food in most parts of the world after 1980 since it may lead to heart
diseases, diabetes or some cancers. So far, the avalanche of food advice and a never-
ending stream of dieting gurus cannot end the recent “obesity crisis.”

Restrictions

Unlike Jewish religion, which imposed strict dietary laws about what and with
whom one could eat, Greek and Roman beliefs were not linked to strong ideas
concerning impure foods. This is not to say that there were no cultural boundaries,
for example, concerning the animals to eat. Eating wild animals, apart from wild
boars, deer, or hares, was frowned upon, but also domesticated animals, like dogs or
horses, were not normally eaten. Cannibalism, which is sometimes mentioned in the
context of severe famines, was obviously a strong taboo. Vegetarianism was rare in
Antiquity, although it existed among certain groups. Pythagoras believed in the
reincarnation of human souls, be it in humans or animals. Hence, he and his
followers regarded the eating of animals as a form of cannibalism. Also, the
Neoplatonist Porphyry rejected eating meat. In general, he advocated an ascetic
table, but realized that only philosophers could pursue this.

Paradoxically, food and eating were and were not important to most mainstream
communities of Christianity, as it spread into Graeco-Roman society. Commensality,
the act of eating together, was at the heart of Christian rituals. At the same time, these
same communities chose not to adhere to Jewish dietary laws, thereby allowing
Christians to remain part of wider, predominantly pagan communities. In its late
first-century formulation, the Gospel says that purity was a matter of belief, not of
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food (Mark 7, 14-19; cf. Luke 11, 37-42). However, against the background of
philosophical approaches to the relationship between body and soul, Christian
writers developed a Christian discourse on food, which was mainly aimed at
reaching higher forms of Christian religiosity by negating the demands of the
temporary, worldly domain. Christian asceticism, which became strongly developed
in the fourth century, aimed at fighting the body by depriving it from its sustenance
and by condemning pleasure that could be arrived from the act of eating. Asceticism
became a predominant feature of monastic life in Late Antiquity. However, outside
monasteries there remained a tension between the emphasis on asceticism in Chris-
tian thinking and reality, as banquets and self-indulgence remained important ele-
ments of Christian ways of life among the elites (MacGowan 1999; Smith 2003).

Medieval and early-modern medical thinking about the optimal diet provided a
few guidelines in making dietary choices, but before the nineteenth century it
imposed little in terms of general rules or restrictions. If medicine offered few
universal recommendations for restraint, religion did. In late medieval Christian
Europe, there were an estimated 150 fasting days spread over the year, during which
all healthy individuals were expected to abstain from consuming animal products —
not only the flesh, but also derivatives such as butter or milk. Some of those fasting
days were strict, others — such as the weekly fasting on Friday — were “minor” and
allowed for some flexibility. After the Reformation, thinking about restraint in eating
and drinking diverged across Europe. Lutherans did not adhere as strictly and as
often to fasting as Catholics did, while Calvinists tended to favor a more austere
living style in general, but not necessarily according to the rthythm of feasting and
fasting imposed by the Catholic calendar (Albala 2003).

Regardless of the specific religious confession one belonged to, it was widely
held throughout medieval and early modern Europe that the ability to refrain from
eating and drinking could be a powerful marker of spiritual achievement. Mystic
women, ascetic movements among the clerical orders, and heretics demonstrated
their exceptionality by imposing specific restrictions in eating and drinking (Bynum
1988). This phenomenon lingered on, or re-emerged, in the eighteenth and nine-
teenth centuries, when the temperance movement allied religious ideas with restraint
in eating and (especially) drinking habits.

Religion was not alone in imposing restrictions on eating and drinking. Starting
from the Renaissance, a growing concern for more restrained and civil table manners
gradually spread across Europe. Communal dishes made way for individual plates,
table cloths, and napkins presumably improved table hygiene, and as the fork was
gradually introduced from Italy to the rest of Europe, eating with bare hands became
less accepted. Historians and sociologists have debated whether this concern for
civility spread across early modern Europe as a result of the influence of courts,
urbanization, rising living standards, changing social inequalities, or shifts in moral
thought (Sarti 2004). Yet, between medieval and modern times there was much less
change in what was eaten, than in Zow it was eaten.

In the nineteenth and twentieth centuries too, food restrictions come under many
forms. Religious prescriptions continue to form the basis of food and drink regula-
tions and avoidances, thus constituting clear and strong identifying boundaries. Yet,
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regulations were followed to different degrees throughout space and time. For
example, alcohol consumption in countries with a Muslim majority fluctuated
under the influence of the intensity of faith, legal prohibition, social pressure,
international exchanges, or identification with peers (such as youngsters). Still,
century-old food restrictions remain important as part of traditions that recently
obtained new interest in some parts of the world. In Europe, however, the impact
of the Church diminished after the Second World War, which clearly shows in the
declining fasting observance and the vanishing of fish-days on Wednesdays and
Fridays.

New food restrictions surfaced. Deliberate refusal of meat eating existed since
classical Antiquity, while meatless days were part of religious rules, and some
doctors advised to moderate meat consumption for health reasons. However, in
Western countries, by the end of the nineteenth century, vegetarianism was institu-
tionalized when various associations with a slowly growing number of (middle-
class) members appeared. Sign of its success was, for example, the opening of a
vegetarian restaurant at the 1910 World Exhibition in Brussels (Belgium). Motives
for refusing to eat meat included animal welfare, economic concerns, health, phil-
osophical objections, or expression of solidarity and empathy with other people,
which all persuaded a growing number of people throughout the world in the late
twentieth century. Nonetheless, vegetarianism (and its variants such as veganism or
Sexiterianism) remains a marginal phenomenon worldwide (Ankeny 2017).

Deliberately restricting eating and drinking occurred also within the frame of
slimming. Dieting was not new, but with the increased attention to the (Western)
beauty ideal of the body, more and more men and women paid attention to food
intake. Long-established food avoidance may vanish. The recent case of eating
insects (entomophagy) in Western countries exemplifies this. After being qualified
for centuries as inedible food that arouse disgust, insects for human food are now
praised for its high protein supply, sustainable production, and low cost.

Transgressions of food avoidances and taboos occur for various reasons and are
accepted momentarily. For example, unrestrained eating may be stimulated at
particular occasions such as Christmas eve, when even children may be allowed to
drink some alcohol.

Commensality and Celebrations

The Greeks and Romans preferred to eat three meals a day, with the evening meal as
the main one. This structure persisted in many parts of the world until today. In
Antiquity, breakfast and lunch were usually light, with some bread, possibly dipped
in olive oil, cheese or eggs, and meat for the prosperous. The famous poem Moretum
depicts a farmer getting up in the morning and eating freshly baked bread with a mix
of cheese, vegetables, herbs, and salt before he sets out to work. The evening meal
could either be eaten in the domestic sphere or in a more public setting. In Greece,
women may not have joined their husbands during the evening meal. Homer depicts
aristocratic women as being present at banquets and busy with textile work, while
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the men enjoyed their meal. In classical Athens, aristocratic men reclined during
dinner at home, while their wives sat beside them. Roman custom, however, was for
men and women to have their meals together. During more formal meals, children sat
at a separate table (Dunbabin 2003; Wecowski 2014).

In cities many kinds of cold and warm food and drink were available in the inns
and taverns and from street vendors, which may be related to the generally limited
living space of the common people and requirements of work. For the same reason,
for more festive meals many common people relied on celebratory meetings of the
collegia (associations of different kind combining religious and professional func-
tions), which were often sponsored by rich patrons. In Roman times, women were
present at such meetings, as were slaves.

Festive meals of all classes were meant to express one’s social standing. While the
aristocracy in Homer sits during banquets, from the archaic onwards until the end of
Antiquity, the well-to-do recline during their dinner, while being served by servants.
Even Jesus is depicted in the Gospel as reclining during the Last Supper. The
symposium in classical Greece was solely a meeting of men of the upper classes.
Social equality was limited to the guests present. The etiquette and conversation
during the symposium ruled out the participation of the uneducated. The only
women present were servants and fluteplayers. The ideals of the Roman banquet
centered on simplicity, friendship, and social equality, in other words, the pleasant
gathering of likeminded people who enjoyed a good meal. Reality was different,
though, as social hierarchy was expressed in the arrangement of guests and even
quality of food and wine served. Writers like Martial and Juvenal complained about
the haughtiness of their patrons at dinners, while conspicuous spending could lead to
excess, as famously parodied in the Banquet of Trimalchio scene in Petronius’
Satyricon (Wilkins and Hill 2006).

Social hierarchy was not limited to the upper classes, as is revealed by the
regulations of the collegia dinners. Patrons celebrated their own birthdays and
those of family members by paying for these festive meals, but distinction was
also made among the collegia members between the well-to-do “middle class,” who
contributed wine and food, and the common members. Seating arrangements
expressed this hierarchy, while rules applied against rowdy behavior.

In many respects, the role of eating and drinking in celebration during the
medieval and early modern period formed a logical counterpoint to the importance
of fasting in the Christian calendar. The indulgence in food (meat) and drink during
Carnival stood in contrast to the period of fasting that followed it. Some religious
celebrations were linked to specific foods or drinks, such as the symbolic importance
of eating lambs and eggs at Easter. However, more so than religious meaning,
feasting was infused with social significance. Communal eating and drinking
cemented social ties, both horizontal and vertical ones. The community and cohesion
of a family was tellingly symbolized by the sharing of “bed and table,” while
confraternities, guilds, civic militias, and voluntary associations rarely spared
expenses for the organization of their guild meals. Drinking also played an important
role in social life, in particular alcoholic consumption. The consumption of intoxi-
cant drinks probably increased during the early modern period and forms an
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intriguing contrast to the growing importance contemporaries placed on civil table
manners during this same period.

In the modern period and until today, food and drinks continue to be used to show
rough and subtle differences between countries, regions, towns and countryside, men
and women, and especially, rich and poor. Celebrating was one of the most evident
occasions to clearly mark these differences, but in the course of the nineteenth
century new occasions appeared on the individual and collective level.

The process of individualization comprised the celebration of one’s career moves,
birthdays, or anniversaries, which all led to special dining. This was mainly limited
to well-off people: poor people celebrated collective events (e.g., the end of the
harvest) by having loads of their habitual fare. However, in the twentieth century, a
birthday or school success was increasingly celebrated among the middle and
working classes too. Moreover, people tended to visit friends and relatives much
more than ever before, to share a meal. In general, dinners of the rich were to some
extent imitated by poorer people, and according to the increase of the purchasing
power of the masses, more or less luxurious food and drinks were consumed, which
became particularly apparent in the 1980s. The case of (sparkling) wine illustrates
this well. This imitation led to the search of new forms of distinction by the rich who
eagerly use haute cuisine and its continuous innovations.

Collective eating and drinking have existed since long, but the nineteenth century,
again, brought about new features: throughout the world, big banquets were orga-
nized to celebrate the nation, the monarch, an institution (e.g., parliament, a trading
board, or a workers’ union), an international exhibition, the visit of a diplomat, or an
aristocratic marriage. On a more modest level, collective meals were organized by a
literary society, savings association, sports club, or any cultural group. The aim was
to create and strengthen solidarity and identity.

A new possibility to draw clear lines of distinction was offered by the modern
Parisian-style restaurant. Fancy eating out in public places existed in earlier centu-
ries, for example, in China in the seventh century, but the nineteenth-century
restaurant had more influence in that it appeared throughout Europe and its colonies,
North and South America, Australia, and parts of Asia. Worldwide, eating out was
common for travelers who could visit locales of very different kind, but where, in
general, choice of food was limited. The Parisian restaurant appeared somewhere in
the 1780s as a public place catering for richer patrons with specific characteristics:
individual tables, menu cards, prices, stylish décor, and waiters and, above all, the
possibility to choose among a wide selection of food and wine. The bourgeois
clientele, men and women, visited these places to see and be seen, meet with people,
and enjoy food. Culinary journalists and writers of traveler guides commented upon
this new cultural locus of the rich, thus establishing, destroying and diffusing cooks’
reputations (Shore 2007).

The middle and lower classes ate out for reasons linked to work: they purchased
soup, bread, cold meats, and the like, often sold by street vendors. In big cities in the
last quarter of the nineteenth century, new forms of popular eating out appeared, such
as the snack-bar or the automat, which were the precursors of today’s (transnational)
fast food eating places. By 1900 more and more people dined for pleasure in
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restaurants of various status (brasseries, bistrots, cafés, inns, ...), offering local
specialties, and increasingly, foreign cuisines. The latter’s success is connected to
movements of migrants and tourists, particularly after 1950.

Conclusion

Most people for most of the time and in most places ate very monotonously, had
barely enough and risked starvation frequently. Only a small group enjoyed food
security and diversity, using it as a sign of status. Despite the many innovations of
the Columbian exchange, the diet of the masses started to change definitely with the
growth of agricultural output, international trade, and transportation facilities around
1800. The disparate evolution of purchasing power, however, led to very uneven
nutritional changes throughout the world.

Perhaps the most telling transformation in the world’s food history is the chang-
ing significance of food. For centuries, food was a bare necessity for most people,
and although it obviously still has this function, more and more people see and use
food in a different way: a means of individual and group expression, element of
pleasure, and idea of choice. This is the move from the “taste of necessity” to the
“taste of freedom” or even “of luxury.” A clear chronology is lacking, although
worldwide the 1980s seem to have played a decisive role because of striking changes
in world trade, demography, purchasing power, politics, consumption, and perhaps
decisively, meaning of food.

References

Abel, W. (1937). Wandlungen des Fleischverbrauchs und Fleischversorgung in Deutschland seit
dem ausgehenden Mittelalter. Berichte tiber Landwritschaft. Zeitschrift fiir Agrarpolitik und
Landwirtschaft, 12(3), 411-452.

Albala, K. (2003). Food in early modern Europe. Santa Barbara: Greenwood Publishing.

Allen, R., Bengtsson, T., & Dribe, M. (Eds.). (2005). Living standards in the past. Oxford: Oxford
University Press.

Ankeny, R. (2017). Food and ethical consumption. In J. Pilcher (Ed.), The Oxford handbook of food
history (pp. 461-480). Oxford: Oxford University Press.

Atkins, P. (2013). Social history of the science of food analysis and the control of adulteration. In
A. Murcott, W. Belasco, & P. Jackson (Eds.), The handbook of food research (pp. 97-108).
London: Bloomsbury.

Baten, J., & Blum, M. (2014). Human heights since 1820. In J. L. Van Zanden (Ed.), How was life?
Global Well-being since 1820 (pp. 117-137). Paris: OECD Publishing.

Braudel, F. (1992). Civilization and capitalism, 15th—18th century, Vol. I: The structure of everyday
life. Berkeley: University of California Press.

Broekaert, W. (2018). Wine and other beverages. In P. Erdkamp & C. Holleran (Eds.), 4 handbook
to diet and nutrition in the Roman world (pp. 140—149). London: Routledge.

Bruegel, M. (2012). Food and politics: Policing the street, regulating the market. In M. Bruegel
(Ed.), 4 cultural history of food in the age of empire (pp. 87-105). London: Bloomsbury.

Bynum, C. W. (1988). Holy feast and holy fast. The religious significance of food to medieval
women. Oakland: University of California Press.



52 P. Erdkamp et al.

Carpenter, K. (2003). A short history of nutritional science. The Journal of Nutrition, 133, 638-645,
975-984, 3023-3032; 3321-3342.

Chandezon, C. (2015). Animals, meat, and alimentary by-products: Patterns of production. In
J. Wilkins & R. Nadeau (Eds.), 4 companion to food in the ancient world (pp. 135-146).
Oxford: Wiley-Blackwell.

Cool, H. (2006). Eating and drinking in Roman Britain. Cambridge: Cambridge University Press.

Curtin, P. D. (2002). The world & the west. The European challenge and the overseas response in
the age of empire. Cambridge: Cambridge University Press.

De Waal, A. (2018). Mass starvation. The history and the future of famine. Cambridge: Polity Press.

Dunbabin, K. (2003). The Roman banquet. Images of conviviality. Cambridge: Cambridge Univer-
sity Press.

Ekroth, G. (2007). Meat in ancient Greece: Sacrificial, sacred or secular. Food and History, 5(1),
249-272.

Erdkamp, P. (2002). A starving mob has no respect. Urban markets and food riots in the Roman
world, 100 BC-400 AD. In L. de Blois & J. Rich (Eds.), The transformations of economic life
under the Roman empire (pp. 93—115). Amsterdam: J. C. Gieben.

Erdkamp, P. (2005). The grain market in the Roman world. Cambridge: Cambridge University
Press.

Erdkamp, P. (2018). Famine and hunger in the Roman world. In P. Erdkamp & C. Holleran (Eds.),
A handbook to diet and nutrition in the Roman world (pp. 296-307). London: Routledge.

FAOSTAT. (2018). Food and agricultural organization. Rome: FAO. http://www.fao.org/faostat/
en/#data.

Federico, G., & Tena-Junguito, A. (2016). A new series of world trade, 1800—1938. European
historical economics society, EHES-working paper no. 93. London: EHES.

Ferrieres, M. (20006). Sacred cow, mad cow. A history of food fears. New York: Columbia University
Press.

Freedman, P. (2008). Out of the east. Spices and the medieval imagination. London: Yale University
Press.

Gabaccia, D. (2017). Food, mobility, and world history. In J. Pilcher (Ed.), The Oxford handbook of
food history (pp. 305-323). Oxford: Oxford University Press.

Garnsey, P. (1999). Food and society in classical antiquity. Cambridge: Cambridge University
Press.

Grigg, D. (1999). The changing geography of world food consumption in the second half of the
twentieth century. The Geographical Journal, 165(1), 1-11.

Heinrich, F. B. J., & Hansen, A. M. (2018a). Cereals and bread. In P. Erdkamp & C. Holleran (Eds.),
A handbook to diet and nutrition in the Roman world (pp. 101-115). London: Routledge.

Heinrich, F. B. J.,, & Hansen, A. M. (2018b). Pulses. In P. Erdkamp & C. Holleran (Eds.),
A handbook to diet and nutrition in the Roman world (pp. 116—128). London: Routledge.

Hunt, A. (1996). Governance of the consuming passions: A history of sumptuary law. Basingstoke:
Macmillan.

Joseph, M., & Nestle, M. (2012). Food and politics in the modern age, 1920-2012. In A. Bentley
(Ed.), A4 cultural history of food in the Modern age (pp. 87-110). London/New York:
Bloomsbury.

Killgrove, K. (2018). Using skeletal remains as a proxy for Roman lifestyles: The potential and
problems with osteological reconstructions of health, diet, and stature in Imperial Rome. In
P. Erdkamp & C. Holleran (Eds.), 4 handbook to diet and nutrition in the Roman world
(pp. 245-258). London: Routledge.

MacGowan, A. (1999). Ascetic Eucharist: Food and drink in early Christian ritual meals. Oxford:
Clarendon Press.

MacKinnon, M. (2004). Production and consumption of animals in Roman Italy: Integrating the
Zooarchaeological and textual evidence. Portsmouth: Journal of Roman Archaeology Supple-
mentary Series.

MacKinnon, M. (2018). Meat and other animal products. In P. Erdkamp & C. Holleran (Eds.),
A handbook to diet and nutrition in the Roman world (pp. 150-162). London: Routledge.


http://www.fao.org/faostat/en/#data
http://www.fao.org/faostat/en/#data

2 A Swift Overview of Eating and Drinking Since Antiquity 53

Marzano, A. (2018). Fish and seafood. In P. Erdkamp & C. Holleran (Eds.), 4 handbook to diet and
nutrition in the Roman world (pp. 163—173). London: Routledge.

Messer, E. (2013). Hunger and famine worldwide. In A. Murcott et al. (Eds.), The handbook of food
research (pp. 384-397). London: Bloomsbury.

Mylona, D. (2015). Fish. In J. Wilkins & R. Nadeau (Eds.), A companion to food in the ancient
world (pp. 147-159). Oxford: Wiley-Blackwell.

Norton, M. (2008). Sacred gifis, profane, pleasures: A history of tobacco and chocolate in the
Atlantic world. Tthaca: Cornell University Press.

O Grada, C. (2010). Famine: A short history. Princeton: Princeton University Press.

O’Rourke, K., & Williamson, J. (2009). Did Vasco da Gama matter for European markets? The
Economic History Review, 62(3), 655—684.

Oddy, D., et al. (Eds.). (2009). The rise of obesity in Europe. Farnham: Ashgate.

Phillips, R. (2014). Alcohol: A history. Chapel Hill: University of North Carolina Press.

Pomeranz, K. (2005). Standards of living in eighteenth-century China: Regional differences,
temporal trends, and incomplete evidence. In R. Allen, T. Bengtsson, & M. Dribe (Eds.), Living
standards in the past (pp. 23-55). Oxford: Oxford University Press.

Popkin, B. (2011). Contemporary nutritional transition. Proceedings of the Nutrition Society, 70(1),
82-91.

Sarti, R. (2004). Europe at home: Family and material culture, 1500—1800. New Haven: Yale
University Press.

Scholliers, P. (2007). Novelty and tradition. The new landscape of gastronomy. In P. Freedman
(Ed.), Food, the history of taste (pp. 332-357). London: Thames & Hudson.

Scrinis, G. (2013). Nutritionism. The science and policy of dietary advice. New York: Columbia
University Press.

Shore, E. (2007). Dining out. The development of the restaurant. In P. Freedman (Ed.), Food, the
history of taste (pp. 301-331). London: Thames & Hudson.

Sidebotham, S. E. (2011). Berenike and the ancient maritime spice route. Berkeley/Los
Angeles/London: University of California Press.

Smith, D. E. (2003). From symposium to Eucharist: The banquet in the early Christian world.
Minneapolis: Fortress Press.

Steckel, R. H. (2005). Health and nutrition in the pre-industrial era: Insights from a Millenium of
average heights in northern Europe. In R. Allen, T. Bengtsson, & M. Dribe (Eds.), Living
standards in the past (pp. 227-254). Oxford: Oxford University Press.

Teuteberg, H. J. (1986). Periods and turning-points in the history of European diet: A preliminary
outline of problems and methods. In A. Fenton & E. Kisban (Eds.), Food in change. Eating
habits from the middle ages to the present day (pp. 17-18). Edinburgh: J. Donald Publishers.

Thoen, E., & Soens, T. (2010). Vegetarians or carnivores: Standards of living and diet in late
medieval Flanders. In Le interazioni fra economia e ambiente biologico nell’Europa pre-
industriale, secc. XIII-XVIII (pp. 1000-1033). Florence: Firenze University Press.

Waldron, T. (2006). Nutrition and the skeleton. In C. M. Woolgar, D. Serjeantson, & T. Waldron
(Eds.), Food in medieval England. Diet and nutrition (pp. 254-266). Oxford: Oxford University
Press.

Wecowski, M. (2014). The rise of the Greek aristocratic banquet. Oxford: Oxford University Press.

Wilkins, J., & Hill, S. (2006). Food in the ancient world. Oxford: Blackwell.

Wilkins, J., & Nadeau, R. (Eds.). (2015). A companion to food in the ancient world. Oxford: Wiley-
Blackwell.



®

Check for
updates

History of Eating and Drinking in the 3
Ottoman Empire and Modern Turkey

Ozge Samanci

Contents
INtrodUCHION . ... .o 56
Ottoman Palace CUISINE ..........oiinttti e e e 56
Food and Beverages in the Ottoman Palace ... 58
Banquets and Daily Meals in the Ottoman Palace ..., 59
Food and Beverage Habits in Istanbul ........... ... 62
Food Culture in Ottoman Religious Communities ...............ccoviueiiiiiiniiiininienineennn.. 64
Food and MediCine ...........uiiuiiii i 64
Ottoman CooKDOOKS .. ...t 64
Food and Drinking Habits in the Ottoman Territories . ...........oovuiiiiiiiiiiiiiiieeean. 67
New Table Manners and New Food Habits in the Nineteenth Century ......................... 69
Eating and Drinking Habits in Modern Turkey ............oooiiiiiiiiiiii e 71
CONCIUSION . . ..ttt e e e e et e 73
RETEIENCES . . ..o e ettt 73
Abstract

This chapter offers a broad survey of the history of food and drinking culture in
the Ottoman Empire and Modern Turkey covering a time period of more than
700 years. This study aims to present changes and continuities that occurred in the
Ottoman culinary culture in more than 600 years. Considering the vast territories
of the Ottoman Empire encompassing modern Turkey, most of Southeastern
Europe including present day Balkan region, Greece, parts of Ukraine, Middle
east, North Africa as far as Algeria, and large part of Arabian Peninsula, it is not
easy to make a comprehensive portrait of the food culture in all of the Ottoman
territories. Istanbul, the capital city of the Empire as well as the Ottoman palace
that represents a model for the rest of the empire, constitutes the subject matter of
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the chapter. Ottoman palace culinary culture, courtly banquets versus daily food
and drinking habits of the common people, food culture in religious communities,
and traditional and new table manners are the thematic topics in the chapter.
Eating and drinking habits in modern Turkey reflecting a direct continuation from
the Ottoman past constitutes another subject.

Introduction

Ottoman Empire was founded in Anatolia (Asia Minor) at the end of the thirteenth
century by the Turkish tribes who originated from Central Asia. This Empire grew to
be one of the most powerful states in the world during the sixteenth century. The
Ottoman period covered more than 600 years and came to an end in 1923 when it
was replaced by the Turkish Republic and by the various successor states in
southeastern Europe and the Middle East. Considering the long-shared history across
the vast territories of the Ottoman Empire, the formation of food cultures in the
Middle East, Anatolia, and the Balkans reflects a synthesis of multiple culinary
heritages in which migrations, wars, political domination, trade, and religions played
an important role. The culinary heritages on these geographies have been formed
over the centuries as a result of culinary amalgamation of ancient Anatolian and
Mediterranean civilizations, nomadic Turkish, medieval Arab-Persian, Byzantine,
and Ottoman cultures. Among these ancient culinary heritages, the last is Ottoman.
For centuries, Ottoman territory had been a house for different cultural groups,
where Sunni and Alevi Muslims, Orthodox Christians, Catholics and Jews mingled
and co-habited. The interaction between these cultural groups had an impact on the
formation of a hybrid and rich cuisine over time. Istanbul, the capital city of the
Empire since 1453, became the house of the Ottoman elites where a refined culinary
culture flourished over hundreds of years. Although the culinary habits and traditions
were noticeably changed, enriched, or renovated in the Ottoman territories since the
end of the thirteenth century to the last days of the Ottoman Empire in the 1920s, a
coherent gastronomic language with some distinctions was formed in the vast
territories of the empire (Samanci 2019).

Ottoman Palace Cuisine

The Ottoman palace cuisine had the characteristics of an “haute cuisine” that differed
from the cuisine of the common people by the quality, abundance, and diversity of
the foodstuffs used in the preparation of the dishes as well as by the number of its
kitchen staff, the quality of the food, the tableware used at table, and the codes of
good manners at the table (Samanci 2015a). The food and drinking habits of the
Ottoman ruling elites in different part of the Empire reflected also the qualities of the
imperial cuisine.
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The Topkap1 Palace built by Sultan Mehmet II after the conquest of Istanbul in
the fifteenth century remained the center of refinement and elaboration of Ottoman
haute cuisine until the nineteenth century. The kitchens of the Topkapi palace,
which are extended along the right side of the second court, were designed as a
huge complex for different functions. They were divided into nine units catering to
different groups of the palace hierarchy (Necipoglu 1991). They had a separate
confectionery and an outer commissariat each with its own staff and equipment. The
confectionery was used to prepare fruit conserves, syrups, desserts, pickles, and
medicinal preparations as sweet pastes. Apart from the nine imperial kitchens and
the confectionary, which were located in the second courtyard of the Palace, a
special kitchen located in the Harem was only reserved for the Sultan. The organi-
zation of the kitchen staff in the palace was similar to that of the army. Under the
supervision of the chief imperial cellar, the head chef directed the kitchen staff.
Under the chief cook and the secretaries of the storeroom, the cooks worked with
apprentices and helpers recruited from young boys conscripted for the janissaries.
Tasters supervised the preparation of the dishes. The waiters were responsible for
importing food to the different rooms in the palace (Bilgin 2008). The kitchens of
Besiktas Palace (or the former Ciragan Palace), Dolmabah¢e Palace, which later
replaced the Besiktas Palace, and finally Yildiz Palace, the imperial residences
during the nineteenth century, resemble Topkap1 Palace in terms of kitchen structure
and organization (Samanct 2008).

The royal kitchens were the heart of the palace serving food to its thousands of
inhabitants. At the beginning of the sixteenth century, the Topkapi1 palace kitchens
were serving food per day to more than 4000 people. Apart from its practical
significance, the huge complex of the kitchens played a central role in the palace
ceremonies. The kitchens symbolized the generosity of the sultan who distributed
food to his inner household, the resident staff, his slave soldiers, and the imperial
council officials and also to official guests visiting the palace (Necipoglu 1991;
Inalcik 1991). Apart from these, during the imperial festivals, the kitchens worked
with a high capacity serving food to more than 5000 people.

The palace was the residence for both the Sultan and for members of the dynasty
as well as the center for the administrative mechanism; therefore, due to its function,
a special attention was given to the provisioning of the palace. The imperial kitchens
had the privilege of providing the best qualities of food products from different parts
of the empire in Istanbul. A department reserved for purchases and expenses for the
palace kitchen was established at the end of the fifteenth century. The network of
provisioning of foodstuff to the palace was founded, supervised, and maintained
regularly by the palace officials (Bilgin 2008). Provisions for the palace were
supplied by Istanbul markets and from the countryside. All perishable food items
and most of the other food products were purchased from Istanbul markets. The
areas from where provisions were supplied to the palace were dispersed over large
and geographically diverse lands of the Empire such as southern and northern parts
of Marmara, Eastern Anatolia, the Aegean Islands, Balkans, Wallachia and Molda-
via, Egypt, Cyprus and Crimea (Bilgin 2008).
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Food and Beverages in the Ottoman Palace

The basic consumption food items in the Ottoman palace were meat, rice, flour,
butter, and sugar. Sheep meat was the most favored one, along with lamb, kid, and
poultry. Beef was used to make pastrami in the imperial kitchens. Offal, that is the
head, the tripe, the feet, and the intestines of the sheep, were also used in cooking in
the imperial kitchens. Fowl such as pigeon, partridge, pheasant, duck, and goose
were the delicacies served to the table of Sultan and high dignitaries in the palace.
Compared to meat and poultry, the supply of fish to the imperial kitchens was very
limited until the nineteenth century. Seafood such as oysters, shrimps, fish roe, and
caviar were generally absent in the palace cuisine; except in the fifteenth century
where these food items were supplied to the kitchen of the Ottoman Sultan Mehmet
1. During the nineteenth century, the consumption of fish increased in the Ottoman
palace. Salted bonito, caviar, bottarga along with fresh fish from the Bosporus were
served to the table of Ottoman Sultans (Samanc1 2015b).

Dairy products such as milk, butter, cheese, milk cream, and yogurt were the
staple foods in the Ottoman cuisine, both for the elites and the common people.
Clarified butter was the favorite one among the other types of fats and oils such as
tail fat, olive oil, and sesame oil. The use of olive oil was restricted in the Ottoman
palace cuisine. During the nineteenth century, the consumption of olive oil was
relatively increased in the Ottoman palace (Samanci 2015b). Wheat flour was the
major ingredient used in the preparation of different types of bread (with yeast or
without yeast), sweet, and savory pastries. Different types of bread were prepared in
the imperial bakeries according to the hierarchy of palace residents. Rice was a
luxury cereal devoted to the table of Ottoman elites, while cracked wheat (called
bulgur) was the staple in the daily diet in rural areas. Lentil, chickpea, and broad
bean were the types of legumes consumed in the Ottoman Empire until the late
eighteenth century. Common beans and green beans, originated from the Americas,
were introduced into the Ottoman cuisine during the nineteenth century.

The consumption of desserts as well as sweet drinks was a privilege devoted to the
elites. Thus honey and sugar were used extensively in the preparation of different
types of desserts, sorbets, compotes, and jams in the Ottoman palace. Treacle of grape
(called pekmez) was another sweetener used in the kitchen. Spices were expensive but
indispensable ingredients in the palace cuisine. Saffron, mastic (the resin obtained
from Pistacia lentiscus tree), cinnamon, ginger, cumin, lemon pepper, cardamom,
cloves, musk, and black pepper were the major types of spices used in cuisine.
Allspice, paprika, red pepper, and vanilla (both originated from South America)
enriched the spice repertoire of the Ottoman elite cuisine in the nineteenth century
(Samanci 2015b). Seeds such as sesame, nigella seeds, and poppy seeds were used
mainly in the preparation of savory pastry products. Apart from a wide range of spices
condiments such as verjuice (juice of unripe grapes), rose water and orange blossom
water were used regularly in the preparation of dishes in Ottoman elite cuisine. The
use of spices was important also from the dietetic point of view. They were also used
in the preparation of therapeutic products such as pastes and elixirs.

Apart from the high consumption of meat in the Ottoman kitchen, the various
kinds of vegetables were the main ingredients used in making dishes. Eggplant,
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spinach, gourd, leek, cabbage, turnip, chard, fresh broad-bean, carrot, okra, arti-
choke, and cucumber were the vegetables used in the preparation of dishes in the
palace kitchen until the nineteenth century. Onion was the basic ingredient of many
kinds of dishes. Parsley, dill, mint, and garlic were used to give a flavor to the dishes.
In addition to the list given above, celery, lettuce, vine leaves were other vegetables
mentioned in the imperial kitchen records. New vegetables, native of Americas, such
as tomato, corn, potato, green bean, zucchini, Jerusalem artichoke, green, and red
peppers were introduced into the Ottoman territories since the eighteenth century,
but they began to be used in the kitchens of the Ottoman palace during the nineteenth
century (Samanci 2006).

Both fresh and dried fruits were commonly consumed and used in cooking in the
palace cuisine. Plum, quince, apricot, sultanas, and sour cherries are examples of
fruits used in the preparation of meat stews. Apple, pear, sour, and sweet pomegran-
ate, various kinds of grape, watermelon, melon, date, fig, plum, peach, apricot,
cherry, lemon, bitter orange, wild apricot were the fruits mentioned in the kitchen
account registers of the palace. Chestnut, almond, hazelnut, walnut, and dried fruits
such as prunes, dried apricots were present also in daily diet of the palace
inhabitants.

Apart from water, beverages consumed in the palace consisted of fruit compote
(hosaf), sherbet (serbet), a cereal-based fermented beverage (boza), and coffee.
Hogaf was a kind of sweet soup made of pieces of fresh or dried fruits, water, and
sugar. It was served in big bowls and consumed with spoons during the meals.
Sherbets made of fruit juice, flower’s essence, or dried fruits were served during the
day (Samanct and Croxford 2007). Sherbets prepared with rose, violet, tamarind,
narcissus, quince, sour cherry, and flavored with expensive spices like musk, amber-
gris in the palace cuisine symbolized the refinement of the Ottoman elite culinary
culture. Some of the sherbets were brought to the palace from the provinces of the
empire such as citron sherbet (hummaz) from Egypt, rhubarb sherbet from Damas-
cus. Palace residents had the privilege of using ice and snow in their beverages to
keep them cool. During warm summer days, snow gathered at snow deposits in
Istanbul and snows brought from the peak of Uludag mountain (in the province of
Bursa) were used in drinks as coolers. Boza was a fermented beverage made of
wheat, rice, or barley, and it was prepared and consumed in large quantities in the
Ottoman palace during the sixteenth and seventeenth centuries. Coffee had been
known and consumed in Istanbul since the sixteenth century. Since the first half of
the seventeenth century, coffee was listed among the ingredients supplied to imperial
kitchens (Bilgin 2008).

Banquets and Daily Meals in the Ottoman Palace

Food had symbolic meanings in Ottoman court ceremonies, with the Ottoman Sultan
displaying his munificence and his splendor to his people through feasts. By feasting
and entertaining his subjects, the Sultan received their homage, while the subjects
enjoyed themselves while participating in the festival. The consumption of plentiful
food and the various impressive spectacles during the imperial festivals symbolized
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the splendor of the Ottoman palace for the populace’s benefit. The quality and the
quantity of the dishes served during the banquets organized in order to celebrate the
circumcision of an Ottoman prince or the wedding ceremony of an Ottoman princess
was impressive in the Ottoman palace. Different types of dishes were served to
different groups of guests according to their rank. For example, in 1539, during the
imperial Ottoman festival organized to celebrate the circumcision of two Ottoman
princes, Bayezid and Cihangir, a series of banquets were prepared for a large number
of guests, which included the public, on the order of Ottoman Sultan Suleiman the
Magnificent. In addition to the public feast where 5000 bowls of food were prepared
and served —rice pilaf (dane), rice pudding with saffron (zerde), 600 boiled sheep, 40
roasted beef cattle and a 1000 savory pastries ¢corek) — on each day a banquet was
arranged for a special group of guests such as officials, clerics, ambassadors, and
janissaries. Six hundred tables were prepared for these military and religious men.
The menu was the same for each banquet and comprised nine dishes: rice pilaf
(dane), rice pudding made with saffron (zerde), chicken soup, three sorts of sweet-
meat, roasted chicken, as well as roasted lamb and sheep. Another banquet was
organized for the pashas and Ottoman notables. This menu of 12 dishes was richer
than that for the janissaries (infantry units) and clerics (Kut 1987). Each banquet
menu was arranged according to the social rank of the guests, with the most delicate
and appetizing dishes prepared for the Sultan’s table and the high Ottoman digni-
taries. The menu for this banquet consisted of 41 dishes. The different sorts of pilaf
were the most interesting part of the feast, as apart from ordinary rice pilaf, colored
varieties of pilaf created a visual spectacle. Four soups and five sweetmeats were
offered with different kebabs and stews. Alongside lamb, chicken, and mutton, duck,
goose, partridge and peacock were among the delicacies presented at the table.
During the henna night, the night before the wedding ceremony, in addition to the
above-mentioned dishes, stuffed gourd, stuffed eggplant, quail kebab and 53 desserts
including halva, fruit jams, candied fruits, fruit pastes together with different sweet
pastries were served to the guests (Tezcan 1998). As portrayed in several miniatures
illustrating the banquets given during the Ottoman imperial festivals, the dishes were
served one by one in Chinaware or in copper plates on low tables. The food might be
served also in one time, as in French service style during the feasts organized
on military expedition or during the feasts offered to a large group of people
(Figs. 1 and 2).

Compared to the menus served during the banquets, everyday meal served to the
palace residents was modest. For example, an everyday meal for the viziers, served
after a council session in the Topkapi palace during the seventeenth century,
consisted of six dishes and included items such as rice pilaf, chicken soup layered
pastry stuffed gourde, and meat kebab (Reindl-Kiel 2003). Kebab, rice pilaf, soup,
savory pastry, vegetable stews, or stuffed vegetables, desert, and fruit compote
continued to be basic types of dishes served to the residents in the Ottoman palace
during the nineteenth century. Chicken dishes, fish, and offal were types of dishes
served occasionally (Samanci 2015b).
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Fig. 1 Banquets given to the
Ottoman religious men during
the imperial festival in 1720,
Surname-i Vehbi, Topkapt
Palace Museum Library,
(Bilgin and Samanci 2008)

Feasting was a key element in the Ottoman palace ceremonies with respect to
receiving foreign envoys. Numerous travelers’ accounts from the fifteenth to the
early decades of the nineteenth centuries depicting the reception of foreign envoys in
the Ottoman palace imply that offering food to foreign guests was a constant and
permanent part of the court ceremonies. Generally a very rich menu consisting of
traditional Ottoman dishes was served to the guests. Special servants called
“tablakar” carried the tray of dishes from the kitchens to the rooms where the dinner
would be served. The dishes are served one by one on low table. The banquets were
in fact political occasions during which two parties fraternized and exchanged ideas.
The host of these feasts was the Ottoman sultan, who demanded the allegiance of his
guests in return for his generosity (Samanci 1998).
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Fig. 2 Banquet given by the
Commander-in-Chief Lala
Mustafa Pasha to the soldiers
in Izmit in the sixteenth
century, Nusret-Name,
Topkap1 Palace Museum
Library (Bilgin and Samanci
2008)

Food and Beverage Habits in Istanbul

As the capital of the Ottoman Empire, Istanbul had the privilege of sourcing the best
and most varied ingredients from each of its regions. Beyond the food items and
products of its immediate territorial limits, the kitchens of Istanbul also used
foodstuffs from distant geographical regions of the Empire. The production and
provision of foodstuffs in Istanbul have always been under the control of the
Ottoman state. The food supply of the capital was one of the priorities of the state.
State authority manifested over the economy in many ways: regulation of produc-
tion, fixing of prices, requisitioning of labor, merchandise and even capital, export
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prohibitions. These measures were taken in order to ensure the supply of the capital
city. Products such as cereals, animals, dairy products, coffee, olive oil, butter,
vegetables, fruit, and spices arrived at the ports of Istanbul from the different regions
of the Empire. Larders such as Unkapani, Balkapani, Odun Iskelesi, and Yemis
Iskelesi along the Golden Horn were the places of distribution of these commodities.
Most of the vegetables and fruits consumed in Istanbul were grown in the city.
Istanbul vegetable gardens, vineries, and gardens supplied the markets of the city.
Milk, yoghourt, and dairy products were supplied from the small dairy farms in
Istanbul. All food merchants were attached to guilds such as bakers, butchers,
confectioners, grocers, fishers, kebab makers, halva sellers, vegetable and fruit
sellers, poultry dealers, etc. People could buy food as well as ready prepared
meals (such as kebabs, halva, tripe soup) in the shops of these merchants. Street
vendors also sold all types of food while traveling through the city or neighborhoods
(Samanci 2015b).

The price lists of the foodstuffs sold in the market provide a detail picture of
the food items available in the capital. The Ottoman cookbooks show that the
food ingredients used in the Ottoman palaces and in elite households were very
similar. The key items were: mutton and lamb, poultry and game, fish, cereals,
milk and dairy products, dry pulses, animal fat and vegetable oils, sugar and
honey, spices, fresh and dry fruits, and vegetables. One of the main differences
between the ingredients available in Istanbul’s markets and in the imperial cellars
was the variety of fish and shellfish. Different kinds of fish and shellfish caught
from the Bosphorus were remarkable. The markets of Istanbul offered a great
variety of fish such as the goby, the eel, the sea bass, the mullet, the red pageot,
the swordfish, red gurnard, scorpion fish, the mackerel, the saurel, the common
mendole, bluefish, and the bonito. Lobster, oyster, crab, scallop, shrimp, and
mussels were sold also in the markets. Shellfish and fishes constituted the main
food items of the Christian population — both Armenians and Greeks — during
Lent (Yerasimos 2008). During the nineteenth century, the consumption of fish
and shellfish increased among the Muslim population as the Ottoman cookbooks
witness.

The most popular hot beverage consumed in the Ottoman Empire was coffee.
Coffee had been known and consumed in Ottoman society since the sixteenth
century. Tea was not a common beverage in nineteenth-century Istanbul until the
twentieth century, when it outpaced coffee. Another hot beverage that was com-
mon in nineteenth century’s Istanbul was salep, which was a hot beverage of milk,
thickened with salep powder (flour made from the tubers of the orchid) and sugar.
The three main types of fruit juices consumed were compote, sherbet, and cordials
(Samanci 2018a). Although the consumption of alcohol was forbidden in Ottoman
society by Islamic religion, accounts of travelers and memoirs written in the
nineteenth century show that Istanbul inhabitants, both Muslim and non-Muslim,
drank wine and raki in the city’s taverns (Georgeon 2002). These alcoholic
beverages were served with appetizers called meze such as salads, nuts, fruits,
and seafood.
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Food Culture in Ottoman Religious Communities

For centuries, Ottoman territories had been a house for all religions where Muslims,
Christians, and Jewish mingled and co-habited. The interaction between different
cultural groups had an impact on the formation of a hybrid and rich cuisine in time.
The cuisine of the different communities in the empire (Muslim, Jewish, Christian)
shared the characteristics of the same regional cuisine, dictated mainly by geography.
However, the normative rules of each religion constituted the barriers between the
culinary cultures of each community. Pork was illicit food for Muslims and Jews, but
allowed for Christians. Seafood and fish were widely consumed by Christians, espe-
cially during Lenten days. The Jewish community, whose religion did not allow the use
of meat and butter in the same dish, favored the use of vegetable oil. Consumption of
alcoholic beverages was forbidden for the Muslims but allowed for the rest of the
society. Cookbooks published in Turkish using the Arab and Armenian script during
the second half of the nineteenth century exemplified the existence of a cuisine shared
by both Ottoman Muslim and Armenian communities in Istanbul (Samanci 2015b).

Food and Medicine

Ottoman medicine and Islamic medicine were based on Greco-Roman medicinal
traditions, which relied mainly on Hippocrates and Galen. Dietetics was, along with
surgery and pharmacology, one of the three basic branches of ancient medicine. The
principles of healthy and balanced nutrition in Ottoman medicine are based on the
theories of “humors” (Sar1 2008). According to this theory, the macrocosm consists
of four elements: air, fire, earth, and water, whose qualities are wet, hot, dry, and
cold. To the four elements corresponded the four humors of the human body: the
yellow bile, the atrium, the blood, and the phlegm, that is to say respectively the hot
dry, the cold dry, the hot wet, and the wet cold. Dietetics was one of the major
methods of treatment of health. Each food having qualities associated with the four
humors (hot, cold, dry, and wet), the doctors recommended to their patients a specific
diet corresponding to their temperament. It should be noted that there is a direct
relationship between cooking and medicine in Ottoman culinary culture until the
nineteenth century. Recipes written by Shirvani in the fifteenth century and Ottoman
medicinal manuscripts from the fourteenth to the seventeenth centuries reflect all the
dietary concerns in Ottoman cuisine. Dietary rules based on the theory of humors
have played a decisive role in the formation of taste preferences in the Ottoman
culture, because they determined the combination of ingredients used in the prepa-
ration of dishes (Samanci 2015b).

Ottoman Cookbooks

An Ottoman physician, Shirvani in the fifteenth century, wrote the earliest cooking
manuscript known in the Ottoman world. Originally, this manuscript was the
translation of a medieval Arab cookbook written in the thirteenth century by
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Muhammad Ibn al-Kareem al-Baghdadi; however, the Ottoman author, Shirvani,
added 80 recipes that were not in the Arabic version (Argunsah and Cakir 2005).
This manuscript highlights the culinary exchange between Ottoman haute cuisine
and medieval Arab cuisine. It also indicates the relation of food and traditional
medicine in the Ottoman culture. In the manuscript, Shirvani, who was a doctor,
explained each dish according to its medicinal quality. Two Ottoman cooking
manuscripts were written in the eighteenth century. These manuscripts constitute
the basic sources for cookbooks that would be published during the nineteenth
century (Samanci 2015b).

Between 1844 and 1900, a series of Ottoman cookbooks published in Istanbul
illustrate the colorful richness of the Ottoman cuisine. The first cookbook, entitled
Melceii t-Tabbahin [The Refuge of Cooks], was published in 1844. After its initial
publication in 1844, The Refuge of Cooks became so popular that it was reprinted
nine times in the following years until 1889. The author, Mehmed Kamil, a professor
at the Ottoman medical school in Istanbul, wrote in the introduction of the book that
he decided to write it in an attempt to revive old recipes that were forgotten or
practiced incorrectly by the cooks of Istanbul. The two main sources used by
Mehmed Kamil were the eighteenth century Ottoman cooking manuscripts. The
book included 273 recipes. An Ottoman gentleman Tiirabi Efendi translated The
Refuge of Cooks into English in London in 1864.The Refuge of Cooks became a
reference for other cookbooks published in Istanbul such as Yeni Yemek Kitabt (The
New Cookbook) of 1880, Ev Kadin: [The Housewife] of 1882, and Asc: Bagsi [The
Chef] of 1900 (Kut 1990). Between 1871 and 1926, seven cookbooks in Armenian
script were also published in Istanbul. The recipes in two Armenian cookbooks
published in Istanbul, Keys of Cooks (1876) and New Cookbook (1889), have
similarities with the above-mentioned Ottoman cookbooks published during the
nineteenth century. Another Ottoman cookbook, which reflects Istanbul style cui-
sine, was published in 1870 in Bulgarian. Titled Every Type of Dishes Prepared in
Istanbul (Tsarigrad) Style, this book reflected the interest of Bulgarian elites in
Istanbul cuisine (Detchev 2018).

According to the cookbooks, the types of the dishes known and prepared in
Ottoman cuisine can be categorized as soups (corba), kebabs-stews-grills (kebab-
yahni-kiilbasti) prepared with mutton, lamb, poultry, and fish, meatballs (kdfte),
vegetable stews flavored with meat (such as basti, kalye, tiirlii), vegetables stuffed
with minced meat or with spiced rice (dolma), vegetables cooked in olive oil
(zeytinyagh), pickles (tursu), salads (salata), egg dishes (yumurtali yemekler), pilafs
(pilav), savory pastries (bérek), sweet pastries (such as baklava, kadayif), helva, milk
puddings, fruit desserts, jams (recel), compotes (hosaf), sherbets (serbet), and
cordials (surup).

The broth of meat and of chicken was used generally in preparing the soups.
Flour, almond, or vermicelli was used to thicken it. Lemon juice, unripe grape, or
bitter orange juice provided the sour flavors. The use of parsley and of mint was
widespread. Kebab can be defined as a dry-cooking method. Spit roasting in front of
hot fire (called cevirme), grilled meat on skewers, roasted meat in oven constitutes
some of the examples of kebab. Following kebab, stewing (yahni) was the second
common method of cooking meat or poultry in the Ottoman cuisine. Apart from
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onions, dried fruits were also used in preparing meat stews. Honey, vinegar, molas-
ses of grape, prunes, apricots, and almonds were also used in meat stews (Yerasimos
2005). The meatballs called kdfte were prepared with minced mutton meat, grated
onion, and spices. The kdfte were roasted, griddled, fried, or braised. Fish and mussel
stews cooked in olive oil were named pilaki. Pilakis prepared with mussels, fish, or
oysters were delicacies in the cuisine of the Christian communities of Istanbul. Like
the stuffed vegetables cooked in olive oil (yalanct dolma) and seafood dishes, pilaki
was among the special dishes Christians prepared in Istanbul especially during their
fasting periods (Matthaiou 1997).

Savory pastries and sweet pastries were essential dishes in the Ottoman cuisine.
Dough made with flour, water, and salt formed the basis of the thin sheets of yufka
used in the preparation of savory pastries. Rice pilaf was one of the dishes served to
the table of the elites during every meal in Ottoman society. Pilaf was mostly eaten at
the end of the course and was accompanied by fruit compote. The pilaf made of
cracked wheat was regarded as an inferior dish and not a part of the elite’s culinary
culture. Pilaf$ were also prepared with pieces of lamb, chicken, bluefish mussels, or
with vegetables such as eggplant and tomatoes. Pasta called “makaronya” was a new
dish that was introduced into Istanbul’s cuisine around the 1850s (Samanci 2015b).

The Ottoman recipes of the nineteenth century include a large range of vegetable
dishes. Vegetables were braised in clarified butter with pieces of mutton, onions, and
with the addition of a little water. Stuffing vegetables, leaves, and even some fruits
with minced meat and braising them was another frequent method used for cooking
vegetables. Vegetables such as zucchinis, gourd, okra, eggplants, or fresh beans were
stewed with pieces of mutton and onions in butter. Verjuice or lemon juice was used
to give such dishes a sour flavor. Cinnamon, fresh mint, garlic, and sometimes sugar
were other condiments used in braising vegetables. Recipes after the 1880s also
include tomato juice as a condiment used in braising vegetables (Samanci 2018a).

Stuffed vegetables called dolma were prepared in two ways, with minced meat
and with spiced rice. Eggplants, zucchinis, cucumbers, turnips, vine leaves, and
green tomatoes would be stuffed with a mixture of chopped meat, rice, salt, pepper,
and onion. Vine leaves, hazelnut leaves, quince leaves, spinach, or mallows were
wrapped around a small amount of minced meat. Stuffed melon and pumpkin were
two varieties of savory-style dolma with a sweet flavor. Another kind of stuffed dish
was prepared with rice mixed with onion, salt, cinnamon, pepper, pine nut, raisin,
allspice, and fresh herbs. These dolmas were called “fake do/mas” because they did
not include any meat. Olive oil was used in braising these “counterfeit” stuffed
vegetables in a small amount of water with, lemon, sour plums, or sour cherries.

Salads, pickles, spiced meats, and seafood are just some of the appetizers
described in the Ottoman cookbooks of the nineteenth century. Salads were simple,
prepared with just one or two different herbs or vegetables. Another salad dressing
used was tarator, a purée made of nuts, olive oil, lemon juice, salt, garlic, and bread
crumbs. Desserts had a very special place in the Ottoman culinary culture. They were
served during celebrations of circumcisions, weddings, and religious feasts as a
symbol of joy. Desserts such as halva were also served during funerals in order to
offer comfort against the pain of the loss of a loved one. The various kinds of desserts
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described in the cookbooks of the time can be grouped as follows: sweet pastries
soaked in sugar syrup (baklava, kadayif), halva, puddings, fruit jellies, fruit desserts,
cookies, jams, and candies. Fruit juices made of dried or fresh fruits such as
compotes, sherbets, and syrups are also included as varieties of desserts (Samanci
2018a).

Food and Drinking Habits in the Ottoman Territories

The border of the Ottoman Empire stretched from the Northern Carpathians and
Southwest Ukraine and the Caucasus to Southern Arabia, Upper Egypt, and along
the coast of North Africa to Tunisia and Algeria in the 1600s. The Black Sea coast,
the steppes of Anatolia and Syria, a large part of the Mediterranean Sea, and the
deserts of Arabia and North Africa were part of this huge empire that ruled on three
continents. Considering the long-shared history across the vast territories of the
Ottoman Empire, the formation of food cultures in the Middle East, Anatolia, and
the Balkans reflects a synthesis of multiple culinary heritages in which migrations,
wars, political domination, trade, and religions played an important role (Fragner
1994). Despite the geographical diversity in the Ottoman Empire between different
regions, today it is discernable to notice a kind of a common gastronomic language
in old Ottoman territories. The Balkans, Greece, Anatolia, and the Middle East share
today a common culinary culture, with regional differences. The diffusion of a
common gastronomic language that covers comparable culinary techniques and
dishes in Ottoman territories is not easy to explain. The long historical background,
in which migration, trade, and population exchanges played a role in the mutual
dissemination of cultural practices including the culinary one should be considered.
The Ottoman Empire has ruled the Balkans and Middle East throughout the centuries
and thus deeply affected these territories in various areas such as politics, economy,
culture, religion, society, etc. These effects have inevitably turned into legacies on
various levels and in various fields including culinary legacies. The presence of
Ottoman governmental officers in the Ottoman provinces from the very beginning of
the empire contributed to the transmission of Ottoman elite food culture to the
remote reaches of the Empire (Samanci 2019). Ottoman public kitchens (imarets)
opened in Ottoman cities where free meals distributed on behalf of Ottoman palace
also signaled the Ottoman presence throughout the empire (Fig. 3).

Based on the information gathered from the notes in travelers’ accounts as well as
the account registers of Ottoman hostelries founded in Ottoman cities, it will be
possible to give a general but incomplete picture of food and drinking habits in the
territories of the Ottoman Empire. The everyday food in the modest houses in cities
or in rural areas differed from the Ottoman haute cuisine by the simplicity and
monotony of the foodstuffs. Local food products dictated most of the time the food
habits of the Ottoman peasants, as in rural regions in the Balkans (Samanc1 2018b).

Bread was the main foodstuff in Ottoman geography. Bread in Anatolia was made
mostly of wheat flour. Barley bread was also consumed especially during food
scarcities. In his travel book, Evliya Celebi (seventeenth century) describes the
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DINNER AT CRISSO.

Fig. 3 “Dinner at Crisso” (Dodwell 1819)

local types of breads made in Anatolian cities. The bread was baked in the oven, in a
tandoor, or on a hot plate. Apart from bread, different types of savory pastries were
available in the food system. Rice consumed in Ottoman palace cuisine was a luxury
for ordinary people in Anatolia and Balkans. Rice cultivation was limited in Anatolia
and the Balkans. Apart from special occasions, the public was only able to taste the
rice soup and rice pilaf served in the Ottoman hostelries. Compared to rice, bulgur is
an easily accessible food item in Anatolia. Lentils, broad beans, black-eyed peas,
chickpeas, and mung bean are the legumes known in the Ottoman geography. Dried
beans were introduced into the Ottoman geography during the nineteenth century
(Yerasimos 2011).

The most preferred type of meat, the prestigious food in the Ottoman geography,
was sheep and lamb. Veal, beef, and goat meat consumption also existed. The meat
was consumed by the Ottoman elites in their daily life, but common people might
consume it only during special times like weddings, Eid al-Adha, and other special
occasions. Pork, which was forbidden for Muslims in the Ottoman world, was
consumed by Christian communities, especially in the European provinces
(Blaszczyk and Rohdewald 2018). Poultry, which was consumed widely among
the Ottoman elite, considered to be easy to digest and more nutritious than red meat,
was consumed occasionally by the rest of the society. Turkey, known as Egyptian
chicken, was known in Ottoman territories since sixteenth and seventeenth centuries.
Partridge, quail, snipe, pheasant were types of fowl hunted in some of the regions in
the empire. The diversity of fish and seafood offered by the sea and rivers in the
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Ottoman geography was quite high. The consumption of fish and shellfish depended
on their availability. As mentioned earlier, the consumption of fish, shellfish was
more popular among the Christian communities during Lent period.

Butter, clarified butter, animal fat like tail fat, olive oil, and sesame oils consti-
tuted to be the types of fat and oils consumed in the Ottoman Empire. Clarified butter
with fat obtained from the tail of sheep were the main kinds of fat. The consumption
of vegetable oil was popular among the Jews, who did not consume meat and dairy
products at the same time. Vegetable oils became also important among the Chris-
tians during their abstinence periods when they could not consume animal based
food items. Olive oil production was limited in the Ottoman Mediterranean world
including the Aegean cost in Anatolia, Greece, south of Anatolia, and north of
Africa. Sesame oil constituted the basic kind of vegetable oil in Anatolia. Cheese
and yogurt were the basic dairy products produced and consumed by the Ottoman
population. Sugar was a luxury food item in the daily food habits of the common
people; thus honey and treacle of grape were used in the preparation of desserts and
sweet beverages. Spices and dried herbs used for medicinal purposes were also
important ingredients used in cooking in Ottoman cuisine. Vegetables and herbs
offering a rich variety in different regions of the Empire constitute also important
ingredients used in cooking. In the eighteenth century, corn, green tomato, and fresh
peppers, and in the nineteenth century red tomatoes, beans, and potatoes entered the
Ottoman cuisine. Different kinds of fruits cultivated in Ottoman geography consti-
tuted also important food items in Ottoman diet (Samanci 2016a).

New Table Manners and New Food Habits in the Nineteenth
Century

The eating habits of Ottoman society remained largely unchanged up until the
nineteenth century. The meal was eaten around a low table (sofra-sini). People sat
cross-legged on cushions and ate from the same plate. Spoons and fingers were the
only eating utensils used. Knives and forks were unknown. Meals were not served in
a special dining room, but people of all classes chose to eat wherever they wanted
and a table was brought to them. Generally speaking people ate twice a day. They
had a morning meal around 10 o’clock in the winter and around 11 o’clock in the
summer and the evening meal before sunset.

During the nineteenth century, European lifestyle as well as culinary habits
became sources of inspiration for those among the Ottoman elites who supported
reform. During the second half of the century, a new style of eating called alafranga
(alla franca, in the European style) became fashionable within Ottoman elite circles.
European-style table manners, having meals on a high dining table, sitting on a chair
and using individual knives, forks, spoons, glasses, as well as European porcelain
tableware were increasingly in use among Ottoman elites. Having three meals per
day as breakfast, lunch, and dinner would become also a norm in urban culture
toward the end of the nineteenth century (Fig. 4).
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B O e S

Fig. 4 Dinner given for the honor of Prince Napoléon by Sultan on 8 May 1854, Beylerbeyi
Palace, Istanbul (L’Illustration: Journal universel, Tome: XXIII, Paris 1854)

Parallel to the novelties adopted into the Ottoman culinary etiquette, European
cuisine, especially French, started to influence the cuisine of Istanbul’s elite during
the second half of the century (Samanci 2003). Starting since 1830s, the Ottoman
palace adopted also the European style of banqueting for receiving its honorable
guests. During Sultan Abdiilmecid’s reign (1839-1861), these banquets also started
to reflect European tastes, in contrast to the typical meals served to the residents of
the Ottoman Palace. Dishes served during these official banquets included both
Ottoman and French-inspired dishes. The French influence, which was gradually
introduced to the Ottoman palace and related circles through official dinners and
feasts, soon trickled down to the Istanbul elites, leading to the adoption of new tastes
outside the imperial cuisine. These new dishes were also promoted in European-style
restaurants, cafés, and patisseries, which opened in the districts of Pera and Galata in
Istanbul after the 1850s (Samanci 2015b) (Fig. 5).

Ottoman cookbooks published since the 1870s, such as The New Cookbook
(1880) and The Housewife (1882), included new recipes inspired from French and
European cuisines. The foreign dishes in these late nineteenth-century cookbooks
included new soups such as vegetable soup, Hungarian soup, pea soup, oyster soup,
prawn soup, pastes, broths, sauces, pates, some meat dishes as roast beef, grilled
cutlet, beef steak, and ragour as well as garnishes, pasta, and canned food. The
recipes stated as sauces were egg sauce, lobster sauce, mussel sauce, spiced sauce, or
tomato sauce. Mushrooms, tomatoes, potato, glazed onions, bread, spinach, sorrel,
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Fig. 5 Ottoman palace banquet menu at the beginning of the twentieth century

peas, asparagus, chicory, and French peas were some of the garnishes mentioned in
the cookbooks. Different types of paste, which were essentially paste made of game,
poultry, and fish, were also among the French dishes that entered the Ottoman
cuisine. Crémes (krema), cakes (pasta), biscuits (biskiivi or gevrek), cakes such as
savarin, and a new type of ice cream (kalpp dondurmalart) were some of the
European desserts mentioned in these cookbooks (Samanci 2018). Apart from
wine and raki, during the nineteenth century, new alcoholic beverages enriched
also the drinking habits of urban elites: beer, champagne, and spirits imported
from Europe.

Eating and Drinking Habits in Modern Turkey

In republican Turkey (since 1923), founded on the remains of the Ottoman Empire,
the culinary tradition has continued to represent both traditional and new “modern”
features both in urban centers and rural areas. The different regions, which make up
Turkey each offer their culinary individuality linked to their ecological heritage and
the various influences these receive or have received in the past. The cuisine of
Istanbul continued to serve as the urban model par excellence (Sauner 2008).

The dichotomy of traditional (alaturka) and modern (alafranga) cuisines, which
emerged since the second half of the nineteenth century in Ottoman culture, became
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evident in the urban centers during the first decades of Republican era. The cook-
books published since 1930s clearly demonstrate this dilemma. While eating and
drinking habits in urban areas adopted new modern table manners and some of the
new culinary techniques, food culture including table manners in rural areas
remained for a long time traditional. Modern table manners as well as new dishes
inspired from European cuisine have become widespread in society through the
educational institutions such as girls’ schools and institutes (Samanci 2016b).

During the Republican period, the culture of eating out in the cities has been
developed. European-style restaurants, which started to be opened in Istanbul since
the second half of the nineteenth century, became widespread during the Republican
period. As a result, the culture of restaurants in the European style has been
recognized along with the traditional ones such as eatery shops called “esnaf
lokantast” and street food sellers. The migration movement from rural areas to cities
accelerating since the 1950s has brought new tastes to the culinary culture in the
cities; examples of South-east Anatolian cuisines such as spicy kebabs, kibbeh, or
lahmacun (a kind of flatbread topped with minced meat mixture made of parsley,
onions, red peppers, tomatoes) became widespread then in Istanbul.

The food industry, which was developed during the Republican era, influenced
the dietary habits of the Turkish population. New consumer goods such as tomato
paste with the development of the canning industry, margarine with the development
of the oil industry, and sparkling and noncarbonated drinks with the development of
the beverage industry entered into the daily life of Turkish people. Generally
speaking, the change in eating habits reflects the opening up of the country, and its
growing industrialization. Eating habits have undergone a certain number of changes
since the 1960s. The development of transport and the increasing importance of the
urban model have led to the arrival of fruit and fresh vegetables in regions which
previously did not eat them (Sauner 2008). These changes have introduced a greater
diversity in the diet, which was previously based on local products and linked very
strongly to family economics. Vegetable oil (sunflower or maize oil) or margarine
have almost entirely replaced traditional tail fat and butter, while the habit of
drinking tea all day long has become established over the last 40 years (Sauner
2008).

The period since the 1980s constitutes a decisive era where changes in eating and
drinking habits became more evident in Turkey. This period corresponds notably
with a big opening towards the exterior, the generalization of the market economy,
the concrete implications of massive urban migration, and the participation of
women in the business sector and the large-scale development of the media. Global
food chains as well as restaurants serving international cuisine started to be opened
in cities. The urban population, which represents 70% of the population, started to
buy the basic ingredients, which would previously have been home made. On the
other hand, regional cuisines have gradually integrated also the variety of ingredients
available in the city. Numerous dishes prepared in Anatolia were little known in
Istanbul until recently. The opposition between an urban diet and a rural one
continues to represent an important factor of social difference. The urban centers
continue to attract rural populations affected by the economic crisis. Even though
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emigrants preserve their main food habits in their new home, they also quickly adopt
some aspects of urban food culture (Sauner 2008). Food publications and media
programs, which have been increasing since the 1990s, have brought urban and rural
culinary cultures closer to each other and led to the emergence of a more homoge-
nized culinary culture in the country. After 1990, the traditional food production and
culinary practices were subjected to a rapid change in both rural and urban areas in
Turkey with the impact of globalization, urbanization, and a decrease in agricultural
production.

Today’s regional cuisines in Turkey are defined as the Black Sea (iconic foods are
anchovies, maize and kale), Mediterranean (represented by citrus fruits, tahini and
pomegranate), south-east Anatolian (famous for kebabs and /ahmacun and baklava),
Aegean (renowned for fish, shellfish dishes, olive oil and wild herbs), central
Anatolian (homeland of wheat, bulgur and a savory pastry called bérek), eastern
Anatolian (land of butter, meat and wheat), and Marmara cuisines (representing the
Ottoman culinary heritage). These regional cuisines tend to accentuate their differ-
ences in tastes and culinary practices from the national Turkish cuisine represented in
Istanbul (Samanci 2019).

Conclusion

Food and drinking habits in Turkey as well as in Balkans, Greece, and Middle East
reflect still today an Ottoman culinary heritage. Despite the changes that occurred in
food production and consumption patterns in Turkey because of various factors such
as industrialization, population growth, and migration from rural to urban areas and
globalization, traditional food habits in terms of food preparation techniques still
continue. The basic types of dishes prepared in today’s Turkish cuisine such as
kebab, stews, kdfte, pilaf, halva, baklava, savory pastries, stuffed vegetables, and
various desserts have existed since the Ottoman era. New culinary techniques
adopted from European cuisine since the nineteenth century such as sauce, garnish,
French fries, cake, creamy pastries like profiterole became acculturated today in
Turkish cuisine. Regional differences in Turkish cuisine in terms of use of ingredi-
ents, food rituals, and culinary techniques continue to exist, but each day food
culture in Turkey becomes more homogenized representing a national cuisine.
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Introduction

This essay looks at the history of spices, particularly in Europe and North America.
Most of the spices used in cooking come from tropical countries that have extensive
and complex culinary cultures. From the ancient and medieval European perspec-
tive, the places that supplied precious and expensive spices were distant and
exotic, even magical. India was the most important of the Asian lands where spices
were reputed to be abundant. This version of India combined real and imagined
attributes, rivers of jewels, hot climate, naked wise men, and proximity to the Garden
of Eden, but also cobras and semi-human people, some with dog heads, others
with no head at all but faces in their chests. A venerable legend, going back to the
seventh-century AD, has it that there are vast pepper forests in India infested with
poisonous snakes. The only way to obtain the pepper is to burn the trees, driving out
the snakes. This explains why pepper is black and shriveled and why it is costly,
because in order to have another harvest, a completely new set of trees has to mature
(Freedman 2008, pp. 133—134). The coexistence of attractive and disturbing exoti-
cism is typical of the image of Asia in European eyes and the allure of its precious
aromatic products.

European attempts to discover where spices came from constituted a long
research campaign that would transform the world, beginning in the sixteenth
century. European colonization of the Americas resulted in some incremental addi-
tions to the list of spices, most importantly the many kinds of chili peppers. These
would have a greater impact on India, Indochina, and Africa than on Europe where
by the eighteenth century, the use of all spices in cooking was declining because of
changes in gastronomic taste and the image of spices as luxuries.

The Repertoire of Spices

Spices have historically been distinguished from herbs. While employed in similar
ways as spices, herbs are domestic European products. Gathered from gardens,
forests, and hedgerows, herbs fetched modest prices. Spices, however, were once
valuable mainstays of international trade. In the medieval era, they were sold in
small amounts at high prices by apothecaries rather than alongside routine cabbages
or fish in food markets. Indeed, their value was so great as to stimulate extremely
risky expeditions to find their native habitat.

Spices were imported aromatics derived from roots, resins, fruit, or bark. Because
of the distance they had to traverse, they had to be nonperishable, at least in the short
to medium term. Some spices such as nutmeg or black pepper release their flavor
when ground so that they will keep a long time until they are pulverized. A
pharmaceutical text of the eleventh century known as Circa instans and its later
French version, the Livre des simples médecines, states that nutmeg will last for
7 years and peppercorns for 40 (Freedman 2008, p. 123). In other cases, such as
ginger, the spice must have arrived in Europe dried up and deteriorated in
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comparison with its condition when it was harvested. Saffron was exceptional as it
was among the most valuable and durable spices but could be grown in Europe. In
the Middle Ages, when the use of saffron was all the rage, the major saffron suppliers
were Catalonia and Tuscany.

If we look at products the term “spices” covered, we find that many are not the
familiar edible substances we would expect but any relatively nonperishable com-
modity valuable enough that was profitable to transport even small amounts
over long distances. Thus, what appear as spices in merchant manuals might include
medicinal substances, perfumes, and even materials used for dyeing textiles.
La pratica della mercatura, a medieval handbook of commerce composed around
1340, lists 288 so-called spices, classifying, for example, 14 kinds of alum, an
inedible mineral used as dye fixative. The Florentine Baldassare Pegolotti, author
of this manual, mentions some now mysterious spices such as vescovo (literally
“bishop”) (Lopez and Raymond 1955, pp. 109-114). Marvelous drugs include
“mummy” (mumia), a solidified secretion of embalmed corpses, considered a sov-
ereign remedy for dysentery and bleeding, especially useful for treating wounds
(Camille 1999, pp. 297-318). This too was a nonperishable import, usually but
not exclusively from Egypt. Anything valuable in small quantities from far away
might qualify as a spice, but here, since the discussion is about food and drink,
we will limit ourselves to edible products.

Gastronomy

Classical literature has many descriptions of feasts, but only one complete cookbook
survives, that attributed to Apicius, a first-century Roman gastronome of whom
Pliny the Elder said: “Apicius, the most gluttonous gorger of all spendthrifts,
established the view that the flamingo’s tongue has a particularly fine flavor”
(Pliny 1983, p. 133). The book, known as Apicius de re coquinaria, may have
been put together around a core of recipes going back to the era of Apicius, but
he seems to have been famous as an aficionado rather than as an author of recipes.
The Latin style of the book indicates a considerably later compositions, probably at
the end of the fourth or the early fifth century (Wilkins and Hill 2006, pp. 208-209).
From the Greeks, there are no complete cookbooks, but information can be
reconstructed from the discourses about food composed by Athenaeus of Naucratis
who wrote in Greek and flourished around 200 AD. His Deipnosophistae (The
Learned Bangqueters) is an immensely long series of witty conversations about
food, purportedly during a single banquet, the apotheosis of the sometimes-annoying
habit of talking about other meals and food while dining. Athenaeus’ opinionated
gentlemen recite snatches of poetic and philosophical texts that have allowed later
scholars to put together pieces of otherwise lost works of Greek literature. For
example, Athenaeus includes 62 excerpts from the lost cookbook of Archestratus,
The Life of Luxury (Archestratus 2011).
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Classical connoisseurs favored sharp, pungent herbs such as rue, thyme, and
myrtle. Their favorite spices were pepper and silphium, a latter a plant that grew in
what is now Libya. Silphium was a wild shrub, never domesticated, whose extinc-
tion by the first-century AD was due partly to bringing land under cultivation and
partly to its excessive popularity. Its taste appears to have been strong, sharp, and
sour as can be deduced from its replacement by the Indian spice asafetida, which
Roman gourmands considered an adequate if imperfect substitute (Dalby 2000, pp.
17-19).

If silphium was the great exotic spice of ancient Greece and Republican Rome,
pepper was the most sought-after spice of the Roman Empire. Archaeological explora-
tion of sites along the Egyptian Red Sea coast has revealed extensive pepper importation
from western India and aided by the predictable monsoon winds of the Indian Ocean.
This trade was sometimes seen as disadvantageous to Rome, and critics bemoaned the
love of luxury that induced the Empire to part with its treasure for gourmet frivolities.
Pliny, again in the role of advocate for culinary simplicity, asked, “Who was the first to
try it (pepper) with food? Who was so anxious to develop an appetite that hunger did not
suffice?”” Pepper (he continues) is neither sweet nor beautiful, merely pungent; never-
theless, men travel to India and spend gold and silver to acquire it (Pliny 1968, pp.
28-29). Goods from India were sold in Rome at 100 times their original value, Pliny
estimated (Pliny 1947, p. 101).

The De re coquinaria mentions a large number of Mediterranean herbs along
with imported spices such as ginger, peppers, coriander, and cumin. The recipes
are exotic, even for their time, including unusual ingredients like flamingos,
parrots, and sea urchins. There are six recipes for sow’s womb. The various
sauces usually include herbs as well as pepper. A wine sauce to serve with truffles
consists of pepper, lovage, coriander, rue, and honey along with the wine
(Apicius 1936, p. 56).

Medieval culinary taste in comparison to that of the ancient world was for sweet
rather than sharp spices. The medieval spice dossier was larger than that of
the Roman Empire and included cinnamon, nutmeg, cloves, and sugar. Although
not aromatic, sugar functioned as a spice because it was expensive, imported, and
credited with medicinal as well as gastronomic uses. Information about these new
spices as well as their supply was obtained via the Islamic world, which by 900
controlled North Africa, the Middle East, and the former Persian Empire and would
soon incorporate much of India. Islamic traders handled the spice trade from
Indonesia and South Asia as far as the Mediterranean.

Spices were not the only luxuries picked up by elites in Christian Europe from
their perceived religious enemy. Silk clothing, inlaid metalwork (e.g., “damascened”
steel), and perfume substances such as musk and ambergris were brought from
Islamic civilization by Crusaders, Venetians, and other intermediaries to become
items of high fashion. The use of spices as well as dried fruit, rosewater, almonds,
and sugared sweets such as nougat suggests Islamic origin. There are very few actual
correspondences between Arabic cookbooks and those of the medieval West, how-
ever. Wine and pork, forbidden to Muslims, were basic to Christian European
cuisine. Even when the name of a dish was adopted, the European version often
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differed radically. North African ma 'miniyya was boiled rice with chicken and
sugar, sometimes scented with camphor or musk. Across the Mediterranean,
mawmeny or mamonia was a cold pudding made with almond milk and wine that
contained raisins, spices, sugar, and ground chicken or mutton (Laurioux 2005, pp.
313-316).

Considerable Islamic influence seems, nevertheless, undeniable. Medieval cui-
sine tends to be more fragrant than that of the classical period and more oriented
toward meat. Fish remained important in Catholic Europe because fasting regula-
tions forbade meat during a considerable part of the year, almost half of the days
according to some scrupulous observations, but meat was preferred. The prestige
accorded in the Middle Ages to lamprey, which tastes like beef but qualified as a fish
for fasting purposes, suggests how much esteem meat received (Freedman 2020).

Medieval cuisine depended on aromatic ingredients now almost unknown
in Europe and North America such as Indian long pepper or African malagueta (a
peppery spice more often known as “grains of paradise”) or spices such as galangal,
familiar today through Thai or other East Asian food. In Geoffrey Chaucer’s The
Canterbury Tales (written shortly before 1400), the cook, one of the pilgrims, is said
to be expert in the use of galangal as well as a spice mixture called poudre marchant:

A Cook they hadde with hem for the nones,

To boil the chiknes with the marybones,

And powdre-marchant tart and galingale.

Wel coude he knowe a draughte of London ale.

He coulde roste, and seethe, and broille, and frye,

Maken mortreux, and wel bake a pie. (Chaucer 1962, p. 423)

The tart poudre marchant is mysterious because it does not appear anywhere
in medieval cookbooks.

The fourteenth-century Le Viandier, the most widely circulated medieval
cookbook, lists what a chef should to have on hand by way of spices: long pepper,
ginger, grains of paradise, mastic, saffron, “round” (i.e., black) pepper, cinnamon,
cloves, cassia, and nutmeg. Individual recipes in the Le Viandier employ other spices
such as cubeb, cardamom, and zedoary (Laurioux 1989, p. 40).

Pepper, ginger, sugar, and cinnamon were the most common imported spices
during the Middle Ages, making up over 90% of those brought to Venice between
1394 and 1405, for example (Wake 1979, p. 396). What distinguished the truly
wealthy from the merely comfortable classes was consumption of the most expen-
sive spices such as cloves, saffron, nutmegs, and grains of paradise.

As is the case today in most countries whose cuisine includes a range of spices,
mixtures were made up by spice merchants and used in recipes. Various combina-
tions such as garam masala in modern India or ras-el-hanout (literally “the best
of the shop”) in Morocco include certain defined ingredients, but each person’s blend
is different. The skill of the cook is measured by expertise in mixing spices and
timing their use while cooking. Although Chaucer’s poudre marchant is otherwise
unattested, there were a number of widely recognized standard mixtures. Poudre
blanche blended cinnamon, nutmeg, and ginger; poudre fort involved black pepper
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or even more pungent long pepper in combination with sweet spices such
as cinnamon and ginger; and poudre de duc (supposedly named after the Doge of
Venice) used sugar in the same way as pepper in poudre fort, as a medium to be
mixed with sweet spices, especially cinnamon (Scully 1988, p. 357; van Winter
2007, p. 384).

Medieval culinary preferences included combining sweet and sour ingredients,
paying attention to color and employing sugar to flavor entrées. Recipes make
considerable use of such products as almond milk while ignoring butter and present
a repertoire of sauces that were primary vehicles for the use of spices.

There is some debate as to the quantities of spices used as the recipes are
not specific. The immense amounts of spices bought for state occasions do not
mean they were all to be applied to preparing dishes — many were given away
as presents — yet the numbers are nonetheless impressive. For the marriage in
1475 of George, Duke of Bavaria-Landshut (known to contemporaries as
“George the Rich”), 386 pounds of pepper were ordered, along with 286 1bs.
ginger, 207 Ibs. saffron, 205 lbs. cinnamon, 105 Ibs. cloves, and 85 lbs. nutmeg
(Freedman 2008, p. 6).

A household advice book of the late-fourteenth century known as the Ménagier
de Paris is an unusual source of culinary information because the author was
a member of the upper bourgeoisie, not a man of the highest rank, while most
other medieval cookbooks are by court chefs. The author of the Ménagier wrote
a private compendium intended for his young wife’s instruction rather than a work of
public circulation designed to impress others. What is striking about the over 400
recipes in the Ménagier is not so much the quantity of spices as their ubiquity. Spices
now relegated to dessert in European cuisine (cinnamon, cloves, and nutmeg) appear
in meat, fowl, and fish recipes. The author of the Ménagier is by no means recklessly
extravagant. He recommends making sauce moutarde with spices that have already
been used to flavor wine, aspic, or other sauces, showing thrift as well as enthusiasm
for spices (Brereton and Ferrier 1994, p. 748).

A Catalan cookbook written shortly before 1500 by Mestre Robert, chef
to the king of Naples, gives about 200 recipes of which 154 contain sugar, 125
cinnamon, 76 ginger, 54 saffron, and 48 pepper (Mestre Robert 1977). The presence
of these ingredients in non-dessert dishes contrasts greatly with what would become
the norm for European cuisines after about 1700 at the latest. Clearly, spices
were consumed by the higher ranks of medieval society in great quantities, variety,
and in all manner of preparations.

Medicine and Cooking

Although the focus of this article is the use of spices in gastronomy, something
should be said about the overlapping considerations of health in relation to diet.
In the ancient Mediterranean and in medieval Europe as well, spices, diet, and health
were closely linked. The greatest classical authority on medicine, Galen (129—ca.
200 AD), was the author of On the Powers of Food. He distinguishes himself
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from mere cooks in that his primary aim as a physician is health and not pleasure.
Many delicious things are bad for you, but Galen acknowledges that in order to
induce people to follow a healthful dietary regimen, what doctors recommend must
be at least moderately appealing (Wilkins and Hill 2006, pp. 10—11).

The distinction between cookery and medicaments remained uncertain, and it
is sometimes hard to decide whether we are dealing with medical or culinary recipes.
The Opusculum de saporibus of Maino de Maineri, dating from between 1330 and
1340, provides recipes for all manner of highly spiced sauces for meat, but it is
what we would consider a medical handbook with warnings against excessive use of
sauces by healthy people who really do not need them (Thorndike 1934, p. 186;
Scully 1985). The author admits, however, that sauces were invented by those
more interested in pleasure than health, so that although there is a border between
medicine and cuisine, it is constantly being crossed.

The intersection of cuisine and health considerations is evident in the pre-
vailing medieval theory of humors, the four fundamental bodily fluids that
corresponded, it was thought, to the four basic elements (earth, water, fire, and
air) and the four physical qualities, hot, cold, moist, and dry. The four humors
were blood, yellow bile (also known simply as bile), black bile, and phlegm.
Blood is linked to air and has warm and moist qualities. Yellow bile’s element is
fire and it is hot and dry. Phlegm is cold and moist, just as water is. Black is cold
and dry and corresponds to earth. Individuals must balance these, although no one
is perfect. Everyone has a particular temperament favoring one of the four
humors, but too much imbalance results in disease as well as distortions of
personality (Scully 1995a, pp. 41-51).

Foods themselves possessed humoral properties, and so diet was supposed to
be adjusted to the individual temperament. Some spices such as pepper were
regarded as extremely hot, while others such as cinnamon were only moderately
so. Spices were for the most part considered medically hot and dry, countering the
excessive moisture and coldness inherent in many meats and fish and tempering
other ingredients.

A person of melancholic humor should consume more hot and dry spices
than one of bilious temperament who must avoid too much spice because he is
already sufficiently or even excessively hot and dry. As already mentioned, lamprey,
a migratory eel-like creature, was classified as a fish. As with eels (to which in
modern scientific taxonomy it is not, in fact related), lamprey was supposed to be
dangerous as well as delicious. Cold and moist in the fourth degree, lamprey needed
to be cooked in such a way as to neutralize its perilous humoral properties. Black
pepper sauce was recommended because pepper was hot and dry in the fourth degree
(Flandrin 1999, pp. 320-327).

In the Opusculum de saporibus, there are classic culinary preparations such
as green sauce (parsley, rosemary, breadcrumbs, white ginger, cloves, and vinegar)
useful on boiled mutton, kid or veal, and black pepper sauce, which includes
verjuice, pureed liver, toast, and, of course, pepper, appropriate for roast geese and
aquatic fowl. The definition of “appropriate” for sauces involved both complemen-
tary taste and humoral balance.
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In order for the tempering process to achieve equilibrium, the ingredients had to
blend (Scully 1995b). Meat was better complemented by sauces when minced or
ground up, one reason for the highly processed nature of medieval food preparation.
Recipes seldom involve simple treatment but rather call for many steps that often
render the ingredients unrecognizable. Typical of complex poultry dishes is a recipe
from a fifteenth-century English cookbook for blaunche de sorre, which involves
blanching and grinding almonds and combining them with sweet broth into which is
put ground cooked capon. This mixture is then boiled in milk, sugar, and sweet wine
(Hieatt 1988, p. 58).

Spices such as nutmeg or cinnamon that we associate with cooking were also key
ingredients in medicines and preventives (Matthews 1980; Whittet 1968). The word
“recipe” was applied to pharmaceutical as well as culinary preparations, and in most
European languages other than English, the word for “prescription” and “recipe” is
the same. Medieval pharmaceutical manuals offer directions for filling pomanders,
portable openwork metal balls that carried aromatic products in order to counteract
bad odors that were not only unpleasant but also thought to carry disease. Edible
spices like nutmeg and cinnamon were included along with perfume ingredients.
On the other hand, substances we think of as medicinal or cosmetic — ambergris,
musk, camphor, or sandalwood — were added to food in imitation of Arab, Persian,
and Indian practice. As late as the English Restoration era, eggs with ambergris were
a luxurious and (supposedly) healthful favorite (Macaulay 1849, p. 442).

A longer-lasting aspect of the dual role of spices as both food and medicine is
in the origins of candy. Like cordials (flavored alcohol distillations), candies began
as digestive aids to be consumed after a meal. Sharp medicinal herbs could be
rendered pleasant when made into a kind of brandy, as with some of the modern
descendants of monastic concoctions such as Chartreuse or Bénédictine. Similarly,
sugared spices, known as comfits, originated as ways of consuming spices directly,
rather than as sauces to accompany food. Pharmacists made up medicines with sugar
paste called electuaries, and one finds these being eaten as what might be considered
after-dinner wellness treats. In Chrétien de Troyes’ twelfth-century romance Perce-
val, the hero arrives at the mysterious Grail Castle where a meal whose main course
is peppered venison is followed by candied fruit, nutmegs, cloves, gingerbread, and
electuaries. An example from real life, just before retiring into a conclave to elect a
new pope, the cardinals at Avignon in 1371 ate 12 pounds of candied spices
(Chrétien de Troyes 1991, pp. 421-422; Aliquot 1984, pp. 132—133).

Spices and Modern Cuisine

Modern European cuisine differs from that of the Middle Ages, rejecting
the spectrum of complex and piquant flavors in favor of intensity and simplicity.
Many Asian spices such as zedoary, long pepper, and galangal, all familiar to
medieval cooks, were discarded. Modern cuisine and its turn away from spices
began in seventeenth-century France with the development of what would become
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classic haute cuisine that was based on new principles. In particular, sauces were
now rich, buttery meat reductions flavored with shallots, herbs, and truffles
rather than the thin, sweet and sour spiced sauces of the Middle Ages. France, the
trendsetter, became by the middle of the eighteenth century the undisputed guardian
of culinary orthodoxy, a position it held until the end of the twentieth century. An
important aspect of what has rightly been called a culinary “revolution” was to
devalue spices.

Seventy percent of the English medieval recipes collected in a modern adaptation
entitled Pleyn Delit call for some sort of spice, usually in combinations, and 27%
of its recipes specifically require cinnamon. Compare this with Frangois Massialot’s
Cuisinier roial et bourgeois, published in 1691, which has cinnamon in only 8%
of its recipes and is altogether lacking in such medieval requisites as saffron or
grains of paradise (Hieatt et al. 1996; Flandrin 1992, pp. 177-192; Peterson 1994,
pp. 195-196).

Sugar was segregated into a dessert course, but it would break out of the confines
of conventional cooking and dining, accompanying chocolate, coffee, and tea, all
unknown to the Middle Ages. No other edible commodity would have such
a cataclysmic effect on world history as sugar. Insatiable European demand fueled
the first great trans-Atlantic slave trade and made New World colonization tremen-
dously profitable (Mintz 1985).

Black pepper also was an exception to the eclipse of spices, retaining some
modest importance in French cuisine for savory dishes. Saffron shows up in a few
Spanish preparations, in risotto alla Milanese and in the French monkfish recipe
lotte au safran. Nutmeg is still used in Italian sauces. Modern European cuisine,
however, relies on culinary effects that have nothing to do with spices.

The reformed French cuisine of the seventeenth century stressed harmony
and smooth combinations of natural flavors. Simplicity, authenticity, intensity,
and vividness were placed above what was seen as an unpleasant medieval
fondness for the exotic, unusual, and complicated. In the cookbooks published
by Francois Pierre La Varenne (Le cuisinier frangois, 1651) and Nicolas de
Bonnefons (Les délices de la campagne, 1656), “delicate” and “natural” cooking
meant, in the first place, simplicity that depended not on spices or other distrac-
tions but on the actual quality of primary ingredients. This might include vegeta-
bles, which had been largely despised or ignored by medieval chefs. Typically, the
new French simplicity was rather expensive and elaborate. The garden expert
Jean-Baptiste de La Quintinie identified 47 varieties of pears that, with the aid of
hothouses and strategically positioned garden beds, could produce fruit every
week between July and February. Bonnefons in Le Jardinier francois shows
how to have cabbages ready to pick during 10 months of the year (Pinkard
2009, pp. 67-78).

Amidst all this attention to primary constituents of cooking, spices were attacked
as covering up natural tastes, as childish, and even as “Arab.” The first criticism is
part of a consistent oscillation in Western gastronomic history between nature and
artifice, between simplifying in order to experience the beauty of fine ingredients and
innovation in order to create never-before experienced taste sensations. Each in turn
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produces a counterreaction, rediscovering basic products or putting together daring
and novel concepts.

The seventeenth century saw a turn toward natural flavor. In another treatise by
Bonnefons, meaningfully entitled Les délices de la campagne (“The Delights of
the Countryside”), the author instructs his reader: “Each food in its natural taste is
more agreeable.” Thus, “A cabbage soup should taste entirely of cabbage, a leek
soup of leeks. ...” (Pinkard 2009, p. 120).

“Childish” meant use of sugar in meat or other courses where it was now deemed
inappropriate. Medieval taste had mingled sweet and savory flavors and spices
in a way that resembles current Middle Eastern or North African cuisines.
In seventeenth-century Europe, as has been mentioned, sugar was separated from
savory courses, while spices considered sweet, such as cinnamon, cloves, and
nutmeg, were likewise restricted to desserts.

Finally the supposedly “Arab” aesthetic reflects the degree to which medieval
cookery had been influenced by the complex, perfumed, high-end cuisine of
the Caliphate and its successors, but now this was a source of contempt for the
reformers. The cookbook author known to posterity only by the initials L. S. R. in his
L’art de bien traiter of 1674 criticized his predecessors for mixing fruit, meat, and
spices (e.g., turkey with raspberries, frog legs with saffron). His withering judgment
was that “[these] would be more willingly tolerated among the Arabs...than in
a refined atmosphere such as ours, one of propriety, delicacy and good taste”
(Wheaton 1983, pp. 150—151). The implications of this condemnation go beyond
the historical connection between prestige cuisines during the Middle Ages to an
identification of Europe and modernity itself with a virtuous yet elegant culinary
aesthetic.

The modern sauces of seventeenth-century France were thickened with roux, egg
yolks, and butter. Glossy and rich, they were not spicy and so differed in texture and
flavor from the thin, grainy aromatic medieval sauces that used breadcrumbs as
thickener. French sauces now incorporated juices produced by principal ingredients,
supplemented by liquids such as bouillon, wine, cream, and they were flavored with
herbs. Textured, silky, satiny, and velvety, these sauces were voluptuous because
they included a lot of fat which magnifies flavor so that peas or asparagus in French
sauces could still be said to taste of peas and asparagus. Rather than a humoral
corrective as was the medieval practice, sauce here is supposed to enhance and
intensify.

The triumph of French cuisine was not immediate, and much of the rest of
Europe clung to the medieval and Renaissance practice of using spices exten-
sively. In the second half of the seventeenth century, the French expressed
contempt for other countries’ old-fashioned culinary customs. Criticism centered
on excessive or inappropriate use of spices and sugar. Gaspard d’Hauteville
resided for several years in Poland in the mid-seventeenth century, but never got
used to its exotic and archaic food replete with saffron, sugar, cinnamon, and
nutmeg. French cookbooks sometimes described chicken with saffron as prepared
“in the Polish style” (Pinkard 2009, p. 125). Italy and Provence too were suspect
for their spicy and sweet sauces, and the Spanish, according the Countess of
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Aulnoy writing in 1691, were hopelessly addicted to perfumed food and saffron
(Gillet 1985, pp. 159-167).

There are a number of possible reasons for this French revolt against more than a
millennium of spiced foods and particularly spiced sauces, but no single cause is in
itself convincing. Disenchantment with spices may have something to do with
the arrival of new beverages coffee and tea from Asia and Africa, and chocolate
from the New World. Unlike spices, these produced psychological effects through
caffeine. Tobacco, not an edible but certainly a psychoactive New World product,
might also have cut into the appeal of spices as a rather different aromatic delivery
system. This would not, however, explain the continued attachment to spices outside
of France, in places such as England whose aristocracy adopted most French
innovations enthusiastically. The real counterexamples are the Ottoman Empire
and the Islamic world generally where coffee had been known for centuries, and
tobacco was rapturously welcomed, yet in these lands spices remained vital culinary
ingredients.

New World Chilies and Their Diffusion

Western European disillusion with spices coincided with the worldwide influence of
the major New World contribution to the world of spices, the variety of flavors from
chili peppers. The European explorers were disappointed not to have found in the
Americas the Asian spices like nutmeg and black pepper that they had set out for,
and indeed, the new colonies were relatively poor when it came to aromatic products
in comparison with Asia. Allspice is one of the few New World spices commonly
sold in Europe and America. Others, like achiote or epazote, have not travelled.

Chili peppers, varieties of the Capiscum genus, were first domesticated 7000 or
8000 years ago, probably in central Mexico. The extent and history of their diffusion
in pre-Conquest America is unclear, but they were an important flavoring and
nutrient and a food associated with religious rituals among many people and nations
(Kraft et al. 2014). A physician on Columbus’ second voyage, Diego Alvarez
Chanca, observed the significance of chilies in the diet of the “Indians,” commenting
also on the versatility of chili pepper and its many varieties (Olson and Bourne 1906,
pp- 311-312).

The chili pepper has influenced only a few aspects of European cuisine. Smoked
paprika is a specialty of the Estremadura region of Spain. Although most Italian food
eschews piquant flavors, Calabria makes extensive use of dried red pepper, including
even in grappa. Hungary developed a range of paprikas from mild to hot, and this
variety of Capiscum, dried and ground into powder, has become the prime symbol of
Hungarian cuisine. The use of paprika was extended with the development of mild
varieties in the nineteenth and early twentieth (Anderson 2016, pp. 46-55).
Apart from these exceptions, however, highly spiced cuisine remains alien to
Europeans or has only recently been introduced through global trends such as Thai
or Mexican food.
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Chili peppers were spread by the Spanish and Portuguese expeditions and
conquests. Peppers were adopted not only in places actually colonized by the Iberian
powers, but through intermediaries, so that, for example, the presence of hot peppers
in China results from diffusion via Portuguese Macao or perhaps India. No area was
as quick to adjust its cuisine to the new ingredient as India, almost all of whose
cooking styles now employ chilies. Within 50 years of Vasco da Gama’s arrival on
the west coast of India in 1498, chilies were so familiar that many authorities came to
believe they were indigenous (Collingham 2006, p. 11).

Chilies were made into various spice combinations, sauces, and relishes from
the piri piri of Portuguese Africa to harissa in North Africa to sambals in Indonesia.
The use of chili pepper is not uniform: in China, only in Hunan and Sichuan is it
essential to cooking. In Thailand and Indochina, many dishes are infused with
pepper, and sauces such as Sriracha give added hot flavor. In Indonesia, hot spices
are more often an external relish rather than integral to food preparation.

All of this culinary transfer and activity left the arbiters of European cuisine
almost unaffected by chilies save for the above-noted exceptions. During the
eighteenth century, French cuisine took over as the international standard of sophis-
ticated food consumed by the wealthy and the aspiring classes.

Spices were largely anathema to the French authorities, but other countries
reached compromises with tradition. Margaretta Acworth’s manuscript cookbook,
dating from the mid-eighteenth century, reflects the tastes of the English lesser
aristocracy, the sort of people described in Jane Austen’s novels. Acworth offers
a recipe for spiced beef in red wine, flavored with pepper, mace, and nutmeg,
which maintains a connection to medieval antecedents (Acworth 1987, p. 66). The
persistence of spices is visible in puddings, pies, and other desserts. In France,
even desserts include spices as only a light flavoring, but the medieval complex of
spices, sugar, and dried fruit is characteristic of beloved, if now slightly archaic,
English sweets like plum pudding and fruitcake. Gingerbread remains popular in
northern Europe while it has disappeared from France and the Mediterranean.
Italy is an exception as panforte, a flat, fruitcake-like specialty of Siena, reflects a
medieval heritage. Christmas treats in particular retain an earlier era’s idea of
appropriate spices: Pfefferniisse (sweet spiced biscuits) in Germany, Lussekatter
(saffron-covered buns) in Sweden, and plum pudding in Britain are Christmastime
requisites. In the United States, the Thanksgiving holiday menus offer some of the
same comforting archaism with highly spiced pumpkin and mince pies. The
current American fad for “pumpkin spice” led by such companies as Starbucks
and Trader Joe’s indicates the persistence and reworking of essentially medieval
tastes.

All this notwithstanding, the story of spices in Europe and America in the
nineteenth and twentieth centuries was one of decline, in contrast to most of
the rest of the world. The hostility toward “Arab” spices expressed by the seven-
teenth-century French reformers became a broad mistrust of Asian, African, and
Latin-American cuisines that were perceived as excessively spicy. In the first place,
such use of spices was deemed unpalatable, but it was also believed that spices
covered up the use of deteriorating primary ingredients. This partly explains
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the durability of the false but to this day widespread impression that medieval taste
favored spices because of the poor quality of the meat or fish.

In the late-nineteenth-century United States, nutritionists, social workers, and
home economists tried to “reform” the food habits of the working classes and to
Americanize immigrants from Southern and Eastern Europe. They extolled a simple
diet based on meat, dairy products, refined sugar, and modern processed foods and
viewed spices as distractions from nutrition. Worse, spices, pickles, and other sharp
flavors were thought to lead to indigestion and increase susceptibility to alcoholism
(Biltekoft 2013, pp. 24-36; Elias 2017, pp. 32-42).

In addition to suffering from a poor international culinary reputation, Britain and
America had a contradictory attitude toward spices. As seen in any number of
cookbooks, Anglo-American food was bland, a tendency accentuated by the early
embrace of industrially produced bread, canned and later frozen vegetables, and the
like. Processing offers convenience, but at some sacrifice of natural flavor. The
tasteless primary ingredient encouraged using spices to make things more interest-
ing. Condiments such as Tabasco and Al Sauce in the United States or
Worcestershire sauce and HP Sauce in Britain routinely accompanied all manner
of dishes. Barbecue sauce, a combination of sweet and hot tastes, is widely used in
the United States, and barbecue flavor was one of the first variations on the standard
potato chip, followed by jalapefio, Cajun, and other spice options. Tandoori crisps
remain popular in Britain. Until recently, such peculiar tastes were unknown to
Continental Europe.

Some of this latent Anglo-American predilection for spiciness comes from
colonial or neocolonial empires. Curry was an English adaptation of Indian cuisine
widely disseminated as far back as the eighteenth century. In the early nineteenth
century, the curries served at the Oriental and East India clubs in London were
famous for their fiery flavor (Forrest 1968, p. 53; Prasch 2008, pp. 597-598).
By a process that would be repeated with other imported cuisines, curry became
progressively milder as every club and hotel dining room in Britain came to offer it.
Until the 1960s, English curry was a creamy and only lightly spiced stew, but the
pendulum swung back again toward a formula in which chili pepper was predom-
inant and tough guys held “vindaloo” contests to see who could eat the hottest curry.
In Martin Amis’ 1989 novel London Fields, a small-time criminal patronizes
a restaurant called “The Indian Mutiny” where he challenges the waiters to make
a mutton vindaloo that is too hot for him (with “napalm sauce”). This insular,
xenophobic character considers eating curry as typically British, like playing darts
in a pub (Buettner 2008, pp. 881-885). Spicy immigrant restaurant food might be
regarded with affection by the nonimmigrant population, but the people who run the
restaurants and members of their ethnic group can simultaneously be regarded with
contempt, even fear, as is the case with Mexican restaurants and Mexican immi-
grants in the United States.

In recent decades, the taste for spices has returned to Europe and North America.
This is only partly due to immigration and the proliferation of international restau-
rants. Thai and Tex-Mex food, which are all the rage in Germany and Scandinavia,
have little relation to emigration to those countries and more with global popular
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culture. Restaurants opened by immigrants are, of course, popular in the United
States, but the passion for spicy dishes such as Buffalo chicken wings, Nashville
hot chicken, or blackened redfish results from the popularization of domestic
local specialties.

The change toward a greater appreciation of spice in Western cuisines is furthered
by the globalization of taste, a complementary phenomenon to the spread of Western
fast foods. Globalization has both homogenizing effects (the same KFC formula in
Beijing and Buenos Aires) and eclecticism — the availability of dozens of interna-
tional cuisines. Fondness for safe versions of unfamiliar cuisine, once a peculiarity of
the United States and Britain, has now spread everywhere. Spices remain both
cherished ingredients in local products and universal flavorings for an indistinct
global assortment of tacos, pizza, and sushi.
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against the whole and the part, seemed representative of deeper social issues. The
confluence of local and foreign ideology had its effect on consumer preferences
and culinary fashion. As long as an ancient Roman food remained intact, recog-
nizable, or natural, it could summon rustic history. When comestibles were
masticated or transformed their symbolic meanings moved outside the context
of local simplicity, into novelties ascribed to foreign influence. While rustic foods
in themselves did not necessarily represent luxury, the local comestible could be
manipulated through the artifice of culinary preparation. It was these manipulated
foods in particular that evoked mixed messages: traditional by nature, novel
through preparation, local yet foreign. The end result, however, would obfuscate
historic meanings and, as such, a clear sense of Roman aristocratic identity.

Introduction

In earlier times the inhabitants of Italy, said Posidonius, even those who were very well off,
used to train their sons to mostly drink, and eat whatever they happened to have. He tells us
a father and a mother often would ask a son whether he preferred to have pears or nuts for
his dinner. After eating some of these the son was contented and went to bed (Ath. V1.274).

Posidonius’ commentary as relayed through Athenaeus in the third century
implied that some ancient Roman foods were imbued with integrity by way of
their simple wholesomeness. These rustic foods (agrestes) could have been farina-
ceous products, locally grown fruits, legumes, nuts, or vegetables, or they could have
been produced from animals that were hunted or domesticated. On the compendium
of processed foods, these foods were simple in that they lay closest to their natural
state, requiring a minimum of preparation. Rustic foods could be consumed whole or
in part, without any necessary additions, grinding or mixing. These were not the
complicated transformed dishes, the stews and the sauces seen among the surviving
Roman recipe treatise De re Coquinaria.

The context of social conflict in ancient Rome is particularly relevant to under-
standing these rustic simple foods during the later Republican and earlier Imperial
periods (generally the second century BC to second century AD — the era when the
textual data on food is most evident). Unequal access to resources precluded choice
for many Romans, making consumption of simple foods a matter of necessity for
those who were barely surviving, living on whatever they could find. One should
assume, for example, that Ovid’s fictive peasant couple, Philemon and Baucis,
consumed radishes, cream cheese, eggs, nuts, berries, and eggs, because they
could not afford to do differently (Met. VIII.665—685). At the other extreme, a rustic
meal afforded a moral dimension for Roman aristocrats that worked well with the
ancient Stoic principles of frugality and self-control (Garnsey 1999). Where an
ancient Roman stood regarding social issues was often manifested in the foods he
or she chose to eat, report on, or complain about. Roman moralists filtered the values
of tradition and national pride through simple foods as an expression of conserva-
tism. To the elite moralist, the idealized Roman past was unified, simple, and
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uncorrupt, and so was the food. These values were affronted by foreign influence, the
influx of riches and ideas from the acquired colonies and its attendant corruptions.
Exotic food ingredients and complex, masticated culinary products were topics for
many a tirade.

Rustic foods offered the aristocrat a sense of elation that exceeded the food’s
intrinsic properties. Pliny the Younger, for example, attached to the unpretentious
beet, gourd, and shallot the values of, “unrestrained cheerfulness, simplicity and
freedom” (Ep. 1.15.2; cf Mart. V.78). These foods were most appropriately served on
earthen vessels. Tablecloths, couches on which to recline, or slaves to serve them
were not necessary (Mart.V.78; Dion. of Hal. I1.23; Hor. Sat. 1.7.115-18). This lack
of pretension was in contrast to an opulent culinary experience, which was a more
intense performative occasion. From an alimentary perspective, simple eating was
sometimes connected to fitness and well-being (Horace Sat. 11.2.70—4). Celsus, for
example, writing in the early part of the first century AD, dedicated an entire treatise
to simple alimentary remedies (Med. 11.31; cf Orib., V.1, VIII.1-5; Anthim.).

Ingredients of Public Banquets

Although the evidence is limited, historical data attest that the foods served at larger
feasts were simple, perhaps as a matter of efficiency. It certainly is difficult to
envision ancient Roman chefs creating, opulent stews and sauces in the field for
thousands of congregants. Though, some extravagant banquets reportedly included
elaborate servings of fish and fowl (Plut. Caes. 55.2; Pliny HN 1X.44; Donahue
1996). In his study of second- and third-century funerary inscriptions, J.F. Donahue
(1996) uncovered engravings mentioning the service of mostly simple and local
foods at public and private festivals. An extant list of dishes served at a first-century
BC priestly inauguration listed only a few imported dishes, with no rare ingredients
and while the comestibles were not necessarily simple, there were no overly extrav-
agant preparations. The banquet included sea urchins, raw oysters, scallops, mussels,
and cockles, an assortment of meats, fish, fattened fowl, game, hare, and Picentine
bread (Macrob. Sat.Ill. 13.12—13; cf Suet. Jul. XXXVIL.9; Cic. Phil. 11.116; Pliny
HN 1X.17.1.; Friedlander 1908). Another occasion of record was Julius Caesar’s
celebration in 46 BC to mark his military triumphs. On this occasion, 6,000 eels
(murena) were reported to have been served, along with fine Falarian and Chian
wines (Pliny AN IX.81; cf Varro Rust. 111.17.3; Cic. Phil. 11.116; Dio. LXXIII.13.1;
Suet. Jul XXXVIIIL.1, 2; Plut. Caes. 55.4). However, the logistics of thousands of
fresh fish, from sea to plate, without refrigeration, would have been staggering.
Therefore, the reckoning of this event might have been propaganda, to be considered
with a measure of skepticism.

Of the other public feasts of which we know, cake and honey wine (crustulum and
muslum), bread and wine (panis and vinum), and handouts of meat (viserationes)
were the bill of fare. Dionysius recorded a solemn celebration in which each family
contributed a honey cake (I1.23). For a feast in the Amphitheater during the Satur-
nalia (the festival in honor of the god Saturn), Domitian provided sweet meats,
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plums, figs, pastries, fruit, and must-cakes (a cake made from wine sediment and
fillings — Stat. Silv. 1.6.43; Mart. VIIL.78; Donahue 1996; Killeen 1959). A notable
exception to banquet simplicity was a feast given for emperor Vitellius to honor his
return to Rome in 69 AD. Vitellius reportedly had his captains bring food from the
extremes of the empire including 2,000-choice fish and 7,000 birds. In addition, a
platter of enormous size that Vitellius called the Shield of Minerva contained a
blended mixture of pike liver, peacock and pheasant brains, the tongues of flamin-
goes, and the milt of lampreys (Suet. Vit. XII1.2; Tac. Hist. 11.62). Again, we should
tread lightly in the assessment of these events, which may have been more boastful
than real (Corbier 1989).

The elite Roman endorsement of simple foods may have been a devious plan of
social stratification and domination. Pierre Bourdieu’s high-low argument provides a
contemporary understanding of this stratagem. Bourdieu suggested that elites gen-
erally design covert plans to maintain class boundaries. In our example, entry to the
ranks of the elite would have included an appropriate style of eating. At face value,
an elite penchant for rustic foods represented a simple morality, but underneath these
foods marked an aristocratic border that excluded foreigners and elite pretenders by
rejecting their broader culinary ideas (Edmunds 1980; Bourdieu 1984). That is,
certain Roman aristocrats supported their social position through a contrived asso-
ciation with simple living. It was pretense after all, these were nobles of great wealth
and influence. To some Romans, consumption of these rustic foods afforded a simple
dignity and a connection with the past. Other Romans employed these foods to
express prestige and power. From this standpoint, moderation and refinement were
held in a precarious balance.

A theme of moral decline over time was a common one in the ancient literature
going all the way back to Hesiod in the eighth century BC (Op. 109-201). This
theme carried over to Imperial Rome when pundits increasingly decried a contem-
porary decay of virtue and decency. The honor of an elite Roman agriculturist was
enhanced by a venerated image of an agrarian past along with spiritual associations.
Among the many examples, Romulus, founder of Rome, was portrayed as a rustic.
His hut on the Palatine (Casa Romuli) was a tourist attraction of the time (Dion. Hal.
Ant. Rom. 1.79). Augustus wore homespun clothes, in deference to a rustic tradition
(Suet. Aug. 71). The first-century writer Vergil mourned the passing of the idealized
rustic life of the small farmer (Ecl. 1; 9), while his contemporary Ovid provided a
mnemonic description of idealized ancient Roman history when foreign influence
and fashion had yet to take its grip (Fast. VI.169-82).

Rustic food prescriptions were indemnified in the second century BC agricultural
manual of Cato the Elder, De re Rustica. They had the virtuous overtones of a pious,
self-sufficient Republic that smacked of local agricultural integrity. For example,
among Cato’s treatise is a recipe for porridge, another for olives and vinegar (Rust.
LXXXV; CXIX) and his recipe for honey cake made out of cheese and groats
(placenta — LXXVI) was redolent of a sacrificial cake (cf Hor. Epist. 1.10.10;
Varro Rust 1.2.28). Two centuries later Athenaeus explained the connection of simple
local foods to religious piety, by contrasting the absurdity of indulging of foreign
extravagance (IV.274), a theme that had been laced through the ancient Roman
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literature. The Imperial Roman satirists symbolically contrasted simple agrarian
foods with more decadent behaviors in their social commentaries. Persius, writing
in the first century, emphasized this point by juxtaposing of simple nettle and pig’s
cheek to the more opulent goose’s liver in a tirade over profligate behaviors
(VL.67-74).

Roman writers often portrayed antiquarians as mostly vegetarians who preferred
simple meals. For instance, Plautus had his Greek characters call the early Romans
fodder-eaters (Pseud.810; cf Juv. XIV.170-171). Varro told us that the most ancient
of Romans meals consisted of grains (Ling. V.105). Vergil idealized the Corycian
gardener for his traditional self-sufficiency by loading his dinner-table with home-
grown delicacies (G. IV.116-148). Pliny informed us that the Roman meal
pulmentaria was so-called, because since the earliest of times Romans lived only
on porridge (puls — Pliny HN XVIIL.84; Garnsey 1999; Wyetzner 1995), and
Cincinnatus was romanticized for forsaking his toga when plowing his fields (Livy
[I1.26). While beans were sometimes held in high sanctified stature (they held the
souls of the dead — Pliny AN XVIII.119; cf Ath. I1.65¢), at other times, they were
ascribed to a lowly station, reserved for simple service in clay vessels (Mart. XIIIL.7,
V.78; Hor. Sat 1.6.116-20, 11.6.59; Gell. NA IV.11). In a further affront to beans lowly
status, the Latin word fava was used to signify both the broad bean and the worker
(Corbier 1999).

A pantry containing grains, fowl, fish, and pork provided a basic inventory for
rustic comestibles (Cic. Fin. 11.8.23; Varro Rust. 111.3.4; D’Arms 1999). Cicero
mentions fruit and omelets (Fam. 1X.20). Pliny wrote about a gruel made of pounded
emmer wheat (alicae — HN 111.6). Horace employed vegetables, grapes, vetch, long
oats, dried raisins, and bits of bacon in developing a heroic context (Saz. 11.2;
11.4.85). His protagonist Ofellus personified this rustic virtue, as he dined on greens,
smoked ham shank, chicken, or kid, followed by a dessert of raisins, nuts, and figs
(Sat. 11.2.116—125). Martial, in his Epigrams, provided a fairly complete list of local
agrestes: cauliflower, chestnuts, pulses, fruit, tunny-fish, sliced eggs, broccoli,
sausage, and pease-pudding (V.78) and herbs, squat lettuce, tender young sprouts,
leek, mint, and rocket. Add to the preceding a chicken and a ham that has already
survived three dinners (X.48). The De re Coquinaria provides a number of simple,
rustic preparations such as artichokes and eggs (III.19.1) and lentils and chestnuts
(V.2.2). Inclusion of agrarian foods in this treatise attests to the versatility of these
comestibles within a high-status context.

Honor of Agriculture

The agricultural pursuit to the ancient Romans was more of a sacred art than a job, as
the landed gentry did not work. Farming was one of the most dignified Roman
professions (Pliny HN XVIII.1.5; Sen. Prov. I11.6). Not only did generals pursue this
art, but so did at least four kings of classical antiquity (Pliny AN XVIIL.4.19-20).
Cultivated vegetables were so highly honored that families of the highest rank such
as the Lactucinos (of the lettuce) adopted their names (XIX.19.59). The third-century
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B.C. senators Curius (Juv. XI.78) and Fabricius were generally known and admired
for cooking vegetables gathered in their gardens (Sen. Prov. 111.6; Dion. Hal. 4nt.
Rom. 11.23). This appreciation of rustic identity served as a mark of refinement and a
vehicle of performed status for the landed gentry. For example, the elite fashion of
“refined starvation” (famem mundam) had the haughty crowd hauling vegetables,
eggs, fruit, and cheeses to their adorned villas (Mart. I11.58.43). Horace provided
simple how-to instructions (Sat. 1I) in what appears to be guide for aristocrats
returning to their roots:

Serve eggs of an long shape, they are sweeter than the round (19-20) . . .You will be wise to
plunge a tough fowl into diluted wine: this will make it tender (24-26). . . Mushrooms from
the pastures are best (20). .. After dinner, eat the blackest mulberries (30-32)

Descriptions like these belied a feigned appreciation of rusticity, a message that
rings loud and clear in a confession by Juvenal “I am secretly at heart a glutton: 1
openly announce to my slave to bring me porridge, while I whisper to him, ‘bring me
cheesecakes ” (X1. 60-62). Horace would be unhappy in either direction, for he
found extremes of both frugality and gluttony to be distasteful (I1.2.65).

Suggesting that a Roman aristocrat ate frugally is perhaps a misconception that
attests to the political exploitation of rustic foods (Friedlander 1908). The food that a
noble reportedly ate or served reinforced his or her worldview, an image that was
often controlled. For example, particular aristocrats were depicted as eating frugal
regimes at least on occasion, though it is clear that nothing, certainly not economics,
compelled them to do so. Julius Caesar, it was said, made a suckling pig or a hare last
for three days and he was content to dine on cabbages and beans without meat (S.H.
A. Did. Iul. 3.8). Augustus liked light meals of dates and bread or bread and raisins
(Suet. Aug. LXXVI.3). Seneca ate figs as an accompaniment to some bread, or figs
alone serving as bread if the latter were lacking, and Vespasian ate with an air of
frugality that was clearly contrived to be in marked contrast with his gourmandizing
predecessor Nero (Tac. Ann. 111.55; Cass. Dio. LXV.10.3). As reported, the third-
century emperor Tacitus served only country produce and sacrificial meats at his
daily table, while the service of a single bird, pig’s jowls, and eggs for were
restrained to festive occasions (S.H.A. Tac. XL.5).

In ancient Rome, an impassioned call for simplicity was often heard when
gluttons were blamed for an economic imbalance. A few Romans like Pliny
suggested that the purchase of vast quantities of foreign goods was leading directly
to the insolvency of Italy (HN XI1.41; cf Tac. Ann. 1I1.53; Sen. Prov. 111.6; Cato in
Ath. 274-5). Reactionary distaste for foreign products made for good rhetoric, but
many a tirade was skewed by ethnocentrism. By harnessing the social capital of
cultivated ingredients, the Imperial Roman aristocrat began to assert an element of
control over foreign and ethnic intrusion. The Roman idea of rustic agriculture was a
mixed bag of ideas that worked well symbolically with a unified Roman image.
Society once had been self-sufficient, devoid of foreign products, when loyalties
were due first to country. Horace and Juvenal used the city of Rome itself as a
symbol of societal corruption. Its diversity not only tainted Rome’s purity, but also
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sapped its strength. Juvenal complained about the hoards that had poured into the
city of Rome from the likes of Rhodes, Sybaris, and Miletus (Juv. III. 312-114,
VI1.298; cf 111.305; Braund 1989). Horaces’s city-country tale metaphorically
described the travails of two mice in an urban-rural antithesis (Sat. 11.6.77—118).
As the tale goes, a country and city mouse were eating the leftovers of an opulent
feast (ostensibly in the city of Rome) when they were accosted by two dogs. The
country mouse then retreated to his home, to the comfort of simple food and the
distance from extravagance.

The topic of virility certainly came to play among the juxtaposition of the noble
Roman agriculturist to the more urbane city dweller. The former was a warrior, a true
man who embraced the land at its natural bounty. His face, which emboldened many
ancient coins and sculptures, was weathered, beaten, and hardened. In contrast, the
urbane dweller, we are led to believe, was more effeminate in his profession and
lifestyle (Grant 1987; Gruen 1992).

The depreciating value of Roman virility was also linked to changing elite food
preferences, an idea remorsefully put forth by Persius: “When this fake philosophy
entered the city along with dates and pepper, our farmers have ruined their porridge
with gross oils!” (Sat. V1.40—41). The agrarian, removed somewhat from the urban
morass, was left to uphold the standard of Romanus, its honor, strength, and
integrity. The Roman country gentlemen was expected to eschew the most lavish
of comestibles in favor of the manlier fare, such as that of a soldier (cf Sen. Ep.
XCV.27).

Simplicity as Source of Strength

The traditional connection of simple Roman eating and strength can be explained
through an analogy about Rome before the travail brought forth by the general
Marcellus. The general’s sack of Syracuse in 211 B.C. was a major turning point in
Roman attitudes, behavior, and diet. Up until this point, Romans had been accus-
tomed to only war and agriculture; a reliance on simplicity had always assured them
victory. Then Marcellus carted back to Rome a trove of luxurious objects and ideas
from foreign lands that presumably set Rome on a path of degradation (Polyb. IX.10;
Plut. Marc.XX1.4-5). The sources make it clear: Rome would have been stronger
had it not been introduced to foreign art, attitudes, and, as a point of our concern,
exotic food (Gruen 1992). Although we cannot be certain, archeological evidence
seems to support that the Roman warrior, whether soldier or noble, ate simply. This
harked back to the ideal Roman of the Republic who was a citizen, a soldier, and a
farmer (Livy I11.26-29).

Literary sources lead us to believe that the Roman warrior would not have been
satisfied with anything but simple food. In addition, the logistics required to make
refined culinary products for soldiers in the field may have hampered their use. A
study of remains discovered at ancient Roman military sites in Britain and Germany
uncovered a number of rustic food products, including deer, ox, poultry, hare, and
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especially beans and lentils (Davies 1971). The ancient tablets found at Vindolanda
provide a record of military provisions that support this evidence (Vind. Inv. 88.839).
One of the lengthiest existing accounts, a several-day record of an officer’s pro-
visions, lists mostly barley and Celtic beer. Although on one exceptional occasion,
the officer obtained a bottle of fine imported wine (Bowman 1994). At least when on
campaign, the noble would be expected to eat at a common table with the troops.
Vitellius was an exception who was roundly despised for gourmandizing in the field
(Suet. Vit. XII1.2; Tac. Hist. 11.95). Seneca rhetorically asked if the Roman general
Fabricius “would have been more content if he stuffed himself with fish from a distant
shore and with birds from foreign lands?” (Prov. 111.6). The implied answer was no.

At times the Roman aristocrat preferred foods that were produced locally, which
could also garner desirability and ideological worth. Juvenal’s account of a meal he
served to Persius provided a lesson in the economics of local food value. He
promised that the meal would please, consisting only of courses supplied by
Juvenal’s farm at Tivoli (X1.64-5). As in the “old days,” peasants produced bacon
at home instead of buying it in the market, we are told by Varro, and they fared well
without products sent from town (Rust. 11.43; Horace Sat. 11.2.118-125).

The question of whether to serve simple versus elaborate foods was symbolic of
the societal tensions developing in the late republic: the idealistic connection to
Rome’s origins (e.g., the hardy roman farmer) versus the desire for status symbols as
increasing wealth flowed into Rome from the provinces (Horace Ep. 11.1.156—157).
The establishment of value among a local foreign dyad rested not only on an
aristocrat’s politics, but also on his or her keen sense of taste and distinction
(Varro Rust. 1.2.6-7; 1.2.43; Horace Saz. 11.2. 118-125). It was likely that many
aristocrats had to tread a fine line between fashion and politics. Petronius provided a
complex and comical version of the interplay of these values in his imaginary
portrayal of a banquet given by the crude freedman Trimalchio. Everything was
grown locally on my estates, Trimalchio boasted, “/ don t buy my wine. My wine and
everything else that makes your mouth salivate grow on an estate of mine” (Sat.
XLVIIL2). Though, Trimalchio was not above serving exotica such live birds buried
inside a pig or sealed inside fake eggs. This confusion must have seemed perplexing
yet familiar to Petronious’ contemporaries (Schmeling 1970).

Foods Embodying Conflicting Values

The Roman agrarian classified animals in terms of wild, domesticated, or half-wild
attributes. Wild foods (foraged grains and undomesticated animals) epitomized the
prestige of the hunt, a reminder of a simpler, more heroic past. Though these
commodities were not universally appreciated. For example, Galen the late sec-
ond-century physician denigrated these foods in the following passage:

[Wild] foods possess little that is nutritious, are full of bad juices, are bad for the stomach,
and are unpleasant to taste, since they are food rather for pigs — wild pigs that is, which live
in the mountains, because only wild pigs derive any nourishment from these . .. (Alim. Fac.,
trans. Grant 2000)
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Strabo, the first-century historian and geographer, used the metaphor of wild pigs
to demonstrate the incivility of the tribal Gauls: “Most of them sleep on the ground
and eat their meals seated on hay . .. ‘Their swine run wild” (IV.4.3, C.197). From
Strabo’s view, wild pigs seem to go with wild people. Human civility, in part, was
marked by the level of their consumption of trained animals. Strabo’s perspective
holds suit with other Roman aristocrats who saw life as an ordered affair. Pliny, for
example, believed that natural divisions of civility demarcate both the animal and
human kingdoms:

Not only in pigs but in all animals as well, when there is a tame variety there is also a wild
one of the same species. This is also true for man, as an equal number of savage races can be
predicted to exist. (Pliny HN VIIL.79)

As Pliny expanded his analogy from pigs to people, we see an affirmation that
aristocratic Romans viewed life as a conflict between domesticated and denatured
and virile, wild elements. Ultimately, the domesticated animal, the one that sub-
sumed, was most demonstrative of an owner’s prestige. Eating a wild animal was
sometimes all right and even esteemed, but eating a “tamed” edible was more
refined. It was more efficient to produce a domestically raised animal product as it
herded and directed to slaughter with certain efficiency. One could say that domestic
food production was generally a more ordered, controlled, civil affair, than the hunt.

The wild animal was strong, free, and heroic, but it made a more or less crude
rustic product that, at least to some, was barbaric. A farm-raised, or domesticated,
animal embodied a traditional rustic value, and by exercising control over this
animal, a Roman could attach to it a modicum of civility. Then again, certain
farm-raised products (e.g., farm-raised fish) symbolized corruption and gluttony.
Romans considered this the realm of the “half-wild,” the midpoint between wild and
domestic animals. The glis, or dormouse, fell under this category (Pliny AN VIIL.57).
It was not especially wild (specimens were raised in captivity), but it was not tamed
or domesticated either. Varro tells us the dormouse could easily be raised in jars
inside a villa (Rust. II1.XV). While the dormouse lacked the prestige of foreignness
or rarity, it had an esteemed value that may have rested in its novelty and its
perceived ability to transverse wild and tame attributes (Mart. XII1.59; De re Cogq.
IX.396; Pliny HN VIIL.57). Food of this sort was inconsistently symbolic of both
local rustic and opulent hospitality (Hor. Saz. 11.6.77-118; Petron. Sat. XXXI) and at
times was a bridge between the two extremes.

Animals: Whole and More than Whole

Chicken and eggs were often eaten in concordance with a rustic morality, offering
the tradition of a simple, local, and wholesome meal. The mother of the Roman egg,
of course, was the chicken (cf Plut. Quaest. conv. 636a). Its egg was round and white,
whole and uniform and it had strong symbolic value. The center of the egg was
bright yellow, an attribute of the sun (cf Cic. Nat. D. 11.24) or the stars (Ath. I11.58¢c)
and the symbol of fertility (cf Plut. Quaest. conv. 636e; Hor. Sat. 11.4.17-20; Ath.
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I1.57¢). Although Horace tells us that “cheap eggs” still had a place in the feast of
kings (I1.2.45), this had little relation to the pretensions of elite culinary extrava-
gance. While the De re Coquinaria has three simple recipes for eggs listed in an
opulent banquet (VIL.19.1,2,3), the mixed victual and foreign edible garnered the
most prestige. Chicken and eggs were most appropriately served at a modest dinner,
perhaps with a roast kid and wild asparagus (Juv. X1.65—75; cf Hor. Sat. 11.4.17-29)
or a locally caught lupus (Mart. X.48).

There were attempts to appreciate rustic food values by, in effect, increasing their
size. The use of fattened fowl in public festivals seems to attest to an elite Roman
preference for engorged poultry over natural, free-range, or wild varieties. The
aristocrat was generally more appreciative of the flavor attributes of fat, which was
often more present in farm-raised animal varieties, as Seneca described:

After much feeding and being fattened by force these edibles barely retain their own lard and
nearly melt. .. The delicate flavor of these dishes is what you like. (Ep. CX.11; cf Mart.
X1.52)

Fattened fowl were reputedly served at the pontifical banquet given by Metellus
and at the feasts given by Caesar (Macrob. Sat. 111.13.12). Cato provided detailed
instructions for engorging or “cramming” of poultry that underscored how this
science necessitated a precise knowledge:

Cram into the [chicken's] mouth wheat or barley meal soaked in water (Rust. LXXXIX).

For squabs, blow beans that have been boiled and toasted from your mouth into its mouth.
XC)

Two centuries later, Pliny shared some of his tips on fattening:

Feeding poultry with food soaked in milk makes them much more acceptable (HN X.71).
Castrating roosters makes fattening them easier (X.25.). When the liver has been taken
[from a goose], it grows larger after being soaked in honeyed milk. (X.27)

Fattening was not limited to poultry (Pliny HN X.23; Macrob. Saz.13.13). Slaves at
neighborhood shrines routinely sacrificed engorged pigs. A method for their fatten-
ing with dried figs and mead was attributed to Apicius (HN VII1.209). Dormice were
fattened on nuts, acorns, and chestnuts in the darkness of a barrel (Varro Rust.
I1.15.2; Pliny HN VIII.82). Hares were taken from the preserves, placed in hutches
and fattened (Varro Rust. 111.14; Macrob. Sat. 111.13.13). Snails were crammed with
must or spelt (Macrob. Sat. 13.13) or slime (Sen. Ep. XCV.25), and fish were bred to
large size (Varro Rust. 111.1-10; Macrob. Sat. 111.15.7).

Cattle ate in the fields and fell under a different category from the fattened
animals, who were fed in the farmstead (villaticum-Varro. Rust. 111, 2.13). Cattle
“who enhance cultivation as a result of their labor,” Varro instructed, fell under the
dominion of the farmer. Cattle not utilized for cultivation came under the auspice of
the herdsman (Rust. 1.2.20-21). The divide between herdsman (armentarius) and
farmer (arator) was more than technical. Since early antiquity, agriculturists tried to
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distance themselves from pastoral meat eaters, so it is not surprising that there was a
hint of disparagement when Varro, the consummate agriculturist, remarked that
“cattle that graze do not produce what grows, they rip it off with their teeth”
(I1.4-6); these beasts did not know how to act properly. Pliny in a sardonic moment
compared cattle to the lower classes (HN XIX.19.51-60). In sum, we can deduce that
some Roman cattle worked in the farmstead in accordance to the life and honor of the
farmer and that other types were associated with the uncivilized pastoral existence of
the herdsman (Daubeny 1857).

By shifting of emphasis from a sacrificial to a performative celebration of meat,
the Roman aristocrat was exercising his or her control over this commodity. The
demonstrative prestigious consumption of meat affirmed that it was not readily
available for popular use. As such, beef from cattle was distributed in a number of
Roman grand celebrations. For example, we are told that 120 oxen were sacrificed in
the triumph of Aemilius Paullus in 168 BC (Plut. Aem. 33.2), and an “enormous
quantity” of beef was sacrificed in Judea for the victory of Titus in 71 AD (Joseph.
BJ VII.16; Corbier 1989). However, the literary accounts of private opulence rarely
mention beef. Why, we might ask, was meat from pig (porcinus) extensively
mentioned in the primary classic literature but meat from cattle (bubula) hardly
mentioned at all? The explanation according to Ovid was that the ox was spared
because it was man’s companion in labor (Fast. 1. 360; 380).

The wild boar and its tame cousin the pig were other animals whose consumption
was associated with mixed meanings. The symbolic association of pork products
with simplicity and wholesomeness is clear and can be seen throughout ancient
literature (Varro Rust. 11.4.10). The connection of pork products to religion and
sacrifice cannot be understated. Varro tells us that the Greek name for the pig was Ug,
from the Greek verb 6dew, that is, “to sacrifice.” It seems as Varro advised, since the
origin of sacrificial ties, the victim almost always came the swine family (Rust.
11.4.9). The boar was a product of a rural and religious simplicity that at times was
manifest in the shared meal, but the boar was also representative of luxury (Ath.
I11.76b) and social differentiation (Juv. V). It is mentioned in connection to a number
of performative presentations set in opulent surrounds (Mart. VII.78; Petron. Sat.
XLI; Macr. Sat. 111.13.10). The boar became the comestible par excellence of a meal,
so integrally related to celebration, Martial tells us that one did not dine or entertain
without it (VIL.59).

The impact of cooked boar’s presentation may have been enhanced by its
traditional use. It had the virtuous overtones of the hunt and celebratory meal of
Rome’s good old days (Hudson 1989; De re Coq. VIIIL.1). The sources sometimes
connected the opulent service of a boar to mythology as a meal worthy of epic
heroes. In Petronius’ satire, we find a burly man in hunter’s garb cutting open the side
of a whole boar (41). Live thrush flew out of the boar, in a meal later described by
Macrobius as Porcus Troianus (Sat. 111.13.13), a clear reference to the Trojan Horse
(Courtney 2001). A number of mythological references in the literature connected
the Aetolian Boar to food opulence. Ancient legend has it that Meleager killed this
wild beast in a famed hunt (Hom. 11.9.567). Martial mentioned the Aetolian Boar a
number of times (VIL27.1-2; XII1.41; XII1.93; Coleman 1990), and Juvenal
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describes a “steaming hot boar, worthy of the steel blond Meleager,” in association
with the tyrannical station of his fictive patron Virro. The boar was served among the
finest of edibles: fattened fowl, truffles, and goose liver (V.114-6).

Fish

The metaphoric conflict and mixed messages inherent to the Roman societal struggle
were symbolically mentioned in the ancient discourse about fish. Representative of
poverty and simplicity, fish became one of the most prestigious symbols of osten-
tation. Pliny recalled the name of three dishes used to denote the most luxurious
possible banquet: the lamprey, the pike and a mixture of fish (HN XXXV.46). As far
as traditional capital was concerned, the fish products Athenaeus reported exceeded
the qualities of meat eaten by Hercules and the figs eaten by Plato. That is why the
term opsum (fine relish) was used to connote fish (Ath. VII.276).

At the other extreme, fishing stood akin to gathering and hunting in that it was a
trade for peasants. This is because fishing did not require ownership or extensive
resource management. Roman prestige emanated primarily from the land, produce
and, to a lesser extent, the products of domesticated animals (Purcell 1995). It was
relatively easy for Romans to subjugate and control those things. The sea, however,
was a different world that was wild, hostile, and uncontrollable. In addition, the sea
was considered poor, so poor that only in times of famine or extreme poverty did
Romans turn to fishing for survival (Str. V1.2.252; Just. Epit. XL.43.5; Purcell 1995).

The image of a Roman selling fresh fish in the market was an anomaly. Lacking
effective transportation and refrigeration facilities, it was nearly impossible to import
fresh fish from afar, relegating trade to local seaport markets. Thus, Rome’s inland
location made fish an exceptional part of the local diet and a symbol for extreme
ostentation (Lucil. f#: IV.2; Juv. IV; Mart. XIV.97; Evans 1890). It was said that the
reputed chef Apicius, for example, skillfully packaged fresh oysters to be sent to
Trajan while he was in Parthia (Ath. 1.7d). We are told that Elagabalus commanded
respect by his ability to eat fish regularly, no matter where he was located (S.H.A.
Heliogab. XXXVIL3). Though even royalty learned to live without fish, as
Athenaeus reports in a parable about Nicomedes, the king of Bithynia. So great
was his desire for fish, and so lacking was this commodity that the king dispatched a
cook to make an imitation of out of a turnip (Ath. 1.7e). Consequent to the relative
rarity and perishable properties of fish, most ancient Roman trade involving fish was
related to its packaging and preservation. Salted and fermented fish products lasted
longer and could be imported or distributed over great distances.

The apposition of farm-raised and wild caught fish in the culinary repertoire
resulted in abstract meanings, dependent on the worldview of the ancient source. For
example, Columella described the tension of both domestication and wildness
inherent to fish in ponds when he recommended placing seaweed-covered rocks in
the water. “Though they are prisoners,” he wrote, “fish should feel their captivity as
little as possible” (Rust. VIII.17.6). Farm-raised fish were culinary prizes that
commanded astonishingly high prices (Pavlovskis 1973). However, the lamprey
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was a paradox. It was a locally spawned fish that was not rare, but it had attributed
culinary value. Apparently, depending on who was reporting, the lamprey evoked
luxury, modest, or rustic value, or no value at all. Lucilius, through Macrobius,
mentioned a local variety, Lupus Tiberinus, appearing at banquets as early as the late
third century B.C. (Macrob. Sat. 111.16.17; cf Lucil. fr- IV.5; Evans 1890). Martial
described a meal where an imported Spanish lamprey is served within the modest
proximity of beans (Ep. VIL78; cf Pliny HN XXXII.53), and, in another modest
dinner of his recollection, a nondescript variety of lamprey was served together with
the rusticity of chicken and eggs (Ep. X.48).

Farm-raised and imported varieties of lamprey were held in the highest esteem
(Macrob. Sat. 111.15.9). A particularly fine variety of lamprey from the Sicilian
narrows was served to Juvenal’s literary patron Virro. The Sicilian lamprey was
easily caught, Macrobius recalled, for it was fat and floated to the top. This kind of
lamprey was so highly valued that it was imported to the fish ponds of Rome (Sat.
I1.15.7). The variety that Lucilius mentioned, Lupus Tibernius, grew locally. He
called it the licker of excrement (catillo — Macrob. Sat. 111.16.17). Pliny confirmed
that the best lamprey were in fact found between the two bridges, the Pons
Senatorius and the Pons Sublicius of the Tiber River (HN 1X.79; cf Gal. Nat.
Fac. V1.714; Colum. Rust. VIII.16.2—4; Varro Rust. 111.3.9—-10). This was the
most polluted part of the river where the sewers emptied (Evans 1890). It is
probably safe to assume that a lamprey caught in sewage was not an appealing
edible to most ancient Romans. Though, in the literature the lamprey was some-
times used symbolize how low gluttons would go for their pleasures (Macrob. Sat.
11.2.31; 1II.16.11). For Juvenal, the Lupus Tibernius was as revolting as it was
undignified (V.103-104; cf Gal. Nat. Fac. 111.30). Because the lamprey lived on
sewage (pinguis torrente cloaca — 105), Juvenal was able to use it as a metaphor for
oppression. This was not just a disgust of taste, but also a disgust of Roman elite
degradation.

Then, why did the lamprey achieve such high esteem and be served at the elite
table? It would seem that a local, common, and disgusting food product would have
been exclusively associated with the lower quarters of Roman society. Like the
dormouse, the value of the lamprey may have lied in its ambiguity or its ability to
traverse two environments. In its natural environs, the lamprey was an estuarial fish,
as it swam from salt to fresh water (Varro Rust. 111.3.9). Thus, the lamprey, as it was
able to thrive in both environments, may have accrued prestige. So, the opportunity
to control, domesticate, or improve on this product may have contributed to its value.
As a disgusting food product, the local lamprey was unconventional. It would have
taken the most adventurous gourmand to overlook its revolting qualities. Though, its
repulsive attributes may have contributed to its quality as exotica, garnering this fish
prestige for its “funkiness.” The explicit contrast between the lupus’ offensiveness
and its social impressiveness, both of which appear in the sources, implies that its
image was subject to those who wanted to exploit it for social gain and those who
wanted to prevent this. This social imbroglio could be seen with in the symbolic
context of conflict surrounding other local varieties of food. One could suggest that
to some ancient Romans, even the most disgusting local product was more esteemed
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than a foreign counterpart. Nevertheless, the paradox of the lamprey, the ambiguity
of its prestige and disgust, seems to have contributed to its value.

A discussion on fish would be incomplete without mentioning the sturgeon, the
mullet, and the turbot. The display of these fish ushered an aura of extravagance to a
meal that was fundamentally based on their relative rarity and size. The overall
opulent imagery at a banquet was in direct opposition to a traditional spartan meal of
fish. The defining comments about a sturgeon’s value came from Cicero (Fat. IV)
and Macrobius, reporting four centuries later who reminded that “sturgeon is a meal
for the very few” (Sat. XV1.4). The tradition of pomp and honor given to the sturgeon
was attested by its service to Publius Scipio, the victor of Africa and Numantia (Cic.
Fat. 1V; cf Pliny HN 1X.27; Mart. XII1.91; Macrob. Sat. 111.16.1). A spirit of Roman
nobility radiated from this fish that transcended the mundane. Macrobius, for
example, observed a crowned sturgeon brought to the table by servants to the
accompaniment of music: “An entry that suggesting the worship of a god rather
than the debut of a tasty dish” (Sat. 111.16.7). The sturgeon’s spiritual value was so
high, Cicero informs, that it had the ability to lift one’s spirits in times of grief (Tusc.
111.43).

Aristocratic power and prestige was also expressed through the size of the fish
served. Only a powerful ancient Roman noble could command the resources needed
to obtain a very large fish. Reluctance to providing a very large fish to the emperor
was practically treasonous. Seneca conveys this point in an anecdote about a huge
mullet, purchased for an outrageously high amount by the culinarian Octavius for
delivery to emperor Tiberius, a gift of which he thought only a Caesar worthy (Sen.
Ep. XCV.42). To Juvenal, the turbot also was fish too big for the private kitchen. As
such, it was a symbol of power. Juvenal devoted his fourth satire to turbot as a
symbol of tyranny (IV.65). However, the size of a fish had nothing to do with its
taste. Horace makes this clear when he sarcastically chastises those who prefer the
larger varieties: “You praise a three-pound mullet, but it needs to be cut up into
smaller portions” (Sat. 11.2.35). It would be hard to imagine the pomposity of a
Roman fish if it had been cut into pieces. For a grand appearance, an intact large fish
was best, a point emphasized by both Horace and Martial, as follows:

I'd love to see a big fish on a huge dish (Horace Sat. 11.2.39).
Huge Mullets of cover your dishes of yellow inlaid gold. .. Do not insult the large gold
dishes with a small mullet, it should at least weigh two pounds (Mart. 11.43; XIV.97).

This idea of an ancient Roman “whole” food product is in direct opposition to an
edible that in some way had been cut, separated, or disemboweled, in effect losing its
natural recognizable integrity.

Whole, Part, Disemboweled, or Cut Up

Ancient Roman aristocratic consumption of certain integral foods, as we have seen,
conjured the traditional symbolism of earlier times. As long as a food remained intact
and natural, it could summon rustic history. For example, the image of a whole boar
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roasting on a spit or a fish served whole embodied a sense of Roman times gone by.
By being able to recognize its features, one knew that this animal had once been alive
and had been involved in a fundamental struggle for survival. Traditional values,
however, became mired and complicated when these foods were cut up or, at the
furthest extreme, masticated so finely that they lost all of their natural form. No
longer looking like it once had been, the food’s signifying meaning became abstract,
the relationship to the idealized past not as apparent.

While preferences for the specialized part of animal: the gland, the viscera, was an
exclusive expression of status, unusual preferences of this sort did not define the
eating habits of early antiquity, as Athenaeus reported (III.101a). Rather, it was a
rising passion of later Imperial decadence. Value was accrued by the very nature of
conspicuous waste of food in a society marked by disparity. It took a very rich noble
to afford the purchase of an animal merely for the consumption of a small part. A
cooked whole animal generally implied the tradition of the shared meal. The
consumption of a particular part of an animal eliminated sharing, for there is not
enough to go around. By limiting the amount available to be served, a food product
gained exclusivity and, hence, value. In addition, an appreciation of a particular
animal part required a refinement of taste: One needed to know which parts were the
best. To slaughter an animal for the purpose of consuming a small part of it was a
clear act of ancient avarice. The more wasteful the behaviors, the more utility the
squandered comestible had in influencing cultural capital, status and prestige. A case
in point was Cleopatra’s consumption of a valuable pearl at a banquet. By extension,
this act not only demonstrated her nonchalance over this wastefulness, but her vast
wealth, power, and control over Antony (Jones 2010).

When whole-cooked products no longer differentiated the elite, Seneca recalled,
they turned to flamingo tongues and similar absurdities (Ep. CX 12—13). Among the
many examples are the teats, a glandule, a rib, the tongue, and the spleen from a boar
(Ath. 111.96; Mart. 11.37), and the testicles of capon and preparations for wombs,
trotters, livers, and udders (De re Coq. 1V.3.3; VIL1.1-6; VIL.2.1-3; VIL3.1-2).
Horace’s character Fundanius described a large platter that contained limbs of crane,
liver of a white goose, pigeons without rumps, and hares with limbs torn off (Saz. I1.8).
We are also told that Elagabalus, in imitation of Apicius, had a preference for camel-
heels, cock-combs taken from living birds, tongues of peacocks and nightingales,
visera of mullets, flamingo and thrush brains, and the heads of parrots, pheasants, and
peacocks (S.H.A. Heliogab. XXX.6). Aristocratic debate continued from the late
republic onward over whether or not eating a small part of an animal’s body was
preferred or suspect. The outcry, sometimes against the whole, sometimes against the
part, sometimes against the whole and the part, seemed representative of the broader
issues discussed earlier (Pliny HN VIIL78; Suet. 7ib. XXXIV; Tac. Ann. 111.52).

Conclusion

In this chapter, foods that were generally revered for their natural features and
integrity were contrasted with more ostentatious varieties. The sumptuous Roman
dining occasion was not always about foreign exotica. The degree of this respect for
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food integrity was contingent on the social philosophy of the food’s consumer. For
the poor and destitute, the food choice was easy, they ate almost anything. The
Roman conservative aristocrat, one whose values emanated from the past, would
likely prefer a food product that expressed that ideal: a rustic or wholesome food that
required a minimum of preparation. Rustic foods in themselves did not necessarily
represent luxury, but the local comestible could have been manipulated through the
artifice of culinary preparation, taking it outside the context of simplicity. It was
these manipulated foods in particular that evoked mixed messages: traditional by
nature, novel through preparation. The end result, however, would obfuscate the
historic meaning and as such, a clear sense of Roman aristocratic identity. The
generally worldlier Roman social opportunist would, perhaps, identify himself or
herself with an edible that evoked this progressive image; a fattened hen or a farm-
raised lamprey might do. If he or she opted for a little more dazzle, perhaps a
masticated product or spiced concoction from the De re Coquinaria would work
best. Then again, we must be aware of an aristocratic divide between the public and
private persona. What the Roman aristocrat did or said in public may not have been
an indication of his or her life at home. This was particularly true when it came to
food.

References

Bourdieu, P. (1984). Distinction: A social critique of the judgment of taste (trans: Nice R.).
Cambridge: Harvard University Press.

Bowman, A. (1994). Life and letters on the Roman frontier. London: British Museum Press.

Braund, S. (1989). City and country in Roman satire. In S. Braund (Ed.), Satire and society in
ancient Rome (pp. 23—47). Exeter: University of Exeter. ISBN: 9780859893312.

Coleman, K. M. (1990). Fatal charades: Roman executions staged as mythological events. JRS 80,
44-73.

Corbier, M. (1989). The ambiguous status of meat in ancient Rome. Food and Foodways:Explo-
rations in the History and Culture of Human Nourishment, 3(3), 223-264. https://doi.org/
10.1080/07409710.1989.9961951.

Corbier, M. (1999). The Broad bean and the moray. In J. Flandrin & M. Montanari (Eds.), Food: A
culinary history from antiquity to the present (pp. 128—140). New York: Columbia University
Press, pp. 128-140.

Courtney, E. (2001). A companion to Petronius. Oxford: Oxford University Press.

D’Arms, J. (1999). Performing culture: Roman spectacle and the banquets of the powerful. In B.
Bergmann & C. Kondoleon (Eds.), The art of ancient spectacle (pp. 301-319). New Haven:
Yale University Press. ISBN-10: 0300077335.

Daubeny, C. (1857). Lectures on Roman husbandry. Oxford: J. Wright.

Davies, R. W. (1971). The Roman military diet. Britannia, 2, 122—142. https://doi.org/10.2307/
525803.

Donahue, J. F. (1996). Epula Publica: The Roman community at table during the principate.
Dissertation Abstracts International, 57, 5131. (UMI No. 9715690).

Edmunds, L. (1980). Ancient Roman and modern American food. A comparative sketch of two
semiological systems. Comparative Civilizations Review, 5, 52—69.

Evans, L. (1890). The satires of juvenal, Persius, Sulpicia and Lucilius. London: George Bell &
Sons.

Friedlander, L. (1908). Roman life and manners under the early empire. London: Routledge.


https://doi.org/10.1080/07409710.1989.9961951
https://doi.org/10.1080/07409710.1989.9961951
https://doi.org/10.2307/525803
https://doi.org/10.2307/525803

5 Simplicity and Performance in Roman Agrarian Foods 109

Garnsey, P. (1999). Food and society in classical antiquity. Cambridge: Cambridge University
Press. https://doi.org/10.1017/CB0O9780511612534.

Grant, M. (1987). The world of Rome. New York: Meridian.

Grant, M. (2000). Galen on food and diet. New York: Routledge.

Gruen, E. (1992). Culture and national identity in republican Rome. Ithica: Cornell University.
ISBN-13: 978-0801480416.

Hudson, N. (1989). Food in Roman Satire. In S. Braund (Ed.), Satire and society in ancient Rome
(pp. 69-87). Exeter: University of Exeter, 69—87.

Jones, P. (2010). Cleopatra’s cocktail. Classical World, 103, 207-220.

Killeen, J. (1959). What was the Linea Dives (martial VIII.78.7)? American Journal of Philology,
80, 185-188. https://doi.org/10.2307/292459.

Pavlovskis, Z. (1973). Man in an artificial landscape: The marvels of civilization in imperial Roman
literature. In Leiden. Netherlands: E. J. Brill.

Purcell, N. (1995). Eating fish: The paradoxes of seafood. In J. Wilkens, D. Harvey, & D. Dobson
(Eds.), Food in antiquity (pp. 132—149). Exeter: Exeter University Press. ISBN-13:
978-0859894180.

Schmeling, G. (1970). Trimalchio’s menu and wine list. Classical Philology, 65, 248-257. https:/
doi.org/10.1086/365652.

Wyetzner, P. (1995). The social and cultural contexts of Roman sumptuary intervention. Disserta-
tion Abstracts International, 56(10), 4099. (UMI No. 9602803).


https://doi.org/10.1017/CBO9780511612534
https://doi.org/10.2307/292459
https://doi.org/10.1086/365652
https://doi.org/10.1086/365652

Part Ili

The Biological Sciences



®

Check for

updates
France Bellisle
Contents
INtrodUCtioN . ... e 114
Birth of a Notion: Early Views on Regulation and the Role of Ingestive Behaviors .......... 115
Advances in Knowledge and Changes in Concepts ...........oovviiiiiiiiieiiiiiiiiiieeean.. 117
Perception of the External and Internal Environments ..................................... 118
The Role of Learning and PlastiCity .............ooiiiiiiiiiiiiiii e 119
The Complex, Hierarchical Organization of Brain Function ............................... 120
Regulatory Responses and the Control of Ingestive Behaviors in Free-Living Humans ...... 121
Hunger and Thirst ... e 122
Environmental Influences ... 123
Short-Term and Long-Term Adjustments .............ooeeiiiiiiiiiiieiiie e, 123
Putting the Pieces Together ..........oouei it e 124
Food Intake and Regulation in the Contemporary World ..., 124
CONCIUSION ...ttt e e e e e 126
R OTINCES .. e 127
Abstract

The independent life of animals requires the active regulation of many critical
parameters of the internal status of the organism, in other words, their mainte-
nance within a narrow range of defended values. From the early days of research
into homeostatic mechanisms, it appeared that food intake (FT) is not one of such
parameters. FI is one of many effector mechanisms that contribute to the regula-
tion of several internal parameters, such as glycemia and adipose stores. The
science of the last century has clarified the fine machinery of regulatory processes,
both at the periphery and in the brain. Beyond the early notion of feedback loops
triggering regulatory responses to existing need states, research has documented
how efficient regulation rests on learned anticipatory responses, both
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physiological and behavioral, that are highly plastic and continuously shaped by
the experience of environmental contingencies. Studies of eating patterns in free-
living humans have revealed the significant influence of numerous factors, among
which signals of physiological needs exert a modest role. In spite of the massive
influence of environmental and social factors, regulatory adjustments can be
detected in the FI of humans, including obese humans. These impressive devel-
opments in knowledge have paralleled an unprecedented increase in the fre-
quency of obesity. In this field, knowledge does not equate power. Even in the
obesogenic world, FI matches energy needs perfectly in many individuals.
Understanding why regulation mechanisms allow body adiposity to drift upward
in so many others remains a crucial question.

Introduction

Obtaining and ingesting sources of nutrients from the environment are critical
behaviors that all animals have to perform in order to sustain life processes. This
simple unquestioned observation raises the question of the signals that trigger and
then inhibit ingestive responses. The worldwide “epidemic” of obesity questions our
understanding of the critical mechanisms that should permit adequate nutritional
status.

Scientific interest in the triggers of food intake (FI) is not novel. As early as the
mid-nineteenth century, the physiologist Claude Bernard proposed key concepts
in this area: the stability of the “internal milieu” is an essential condition for an
animal’s “free and independent live” (Bernard 1879). The “internal milieu,” the
internal environment of the organism, refers to the status of many crucial param-
eters (including body temperature, the fluid balance, blood pressure, and glyce-
mia) that have to be maintained within narrow limits in order to maintain life
functions. The notion of “homeostasis,” proposed by Cannon in the early twen-
tieth century (Cannon 1932), refers to the convergent action of many physiolog-
ical regulatory mechanisms that maintain the internal environment in a stable
state.

Regulatory mechanisms are well known not only in physiology. The thermostat
that regulates the temperature in a room is a simple example of a regulatory system.
A regulatory mechanism requires at least three elements: sensors that monitor the
regulated parameter, a control center that compares fluctuating parameter values with
the “optimal” one that is to be maintained, and effectors that can bring the deviant
parameter back to “regulated” levels via a feedback loop. In physiology, all three
elements can be immensely complex. Among the effector responses in particular,
some are purely internal, such as the hormonal mechanisms that regulate the level of
glycemia (insulin and glucagon) or the shivering response to cold. In some cases,
their action is sufficient to restore the regulated status of the internal milieu, at least
for a while; in other cases, however, their action is limited. When the organism needs
energy, nutrients, fluid, or even oxygen, no internal response will adequately insure
regulation. In those cases, behavioral responses are elicited by the control center, the
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brain, to obtain the required life-sustaining substances from the environment so that
the vital parameters of the “internal milieu” can be maintained.

This rough sketch of a classic regulation system reveals that FI itself is not
“regulated”. In fact, it cannot possibly be. Ingestive responses are the behavioral
extensions of internal effector processes. Rather than being “regulated parameters”
themselves, they are a set of tools among many in the effector tool box that the body
uses in order to maintain its “free and independent life.”

If ingestive behaviors are effectors in regulatory mechanisms, what do they
regulate exactly? This is a vast question to which the science of the last century
has brought a large number of answers, well beyond the few classic parameters
initially envisaged by the pioneers of homeostasis research. Actually, one increas-
ingly pressing question, in the context of the worldwide epidemic of obesity, is
whether FI actually regulates or dysregulates physiological processes.

Even scientists who believe that ingestive responses are organized by the brain to
serve physiological regulation are not so naive as to believe that this is the whole
story. Studies of spontaneous ingestive patterns in free-living humans have revealed
that a large number of factors, sometimes quite unexpected, exert a significant
influence on eating and drinking (de Castro 2010; McKiernan et al. 2009). Not
only is FI not “regulated,” but it is constantly affected by a host of stimuli that often
have nothing to do with the maintenance of critical vital parameters, when they do
not simply antagonize it.

In this chapter, two sources of scientific information will be examined. Firstly, the
concept of homeostasis and its plethoric developments in the recent decades will be
reviewed in order to illustrate the role of ingestive behaviors in physiological
regulation mechanisms. Secondly, studies investigating the spontaneous eating
patterns of free-living humans will be reviewed in order to identify the determinants
of behavior, among which markers of homeostatic regulation. The converging
lessons from these two fields of science will help us analyze the regulatory and
dysregulatory influences on ingestive behaviors and the reasons for our continuing
failure to cope with obesity.

Birth of a Notion: Early Views on Regulation and the Role of
Ingestive Behaviors

Pioneer studies examined the role of ingestive behaviors in physiological homeo-
static mechanisms. Early intuitions held that drinking was essential in the regulation
of the body fluid balance and that eating was triggered by hunger in response to
bodily needs. The nature of the “thirst signal” that triggers drinking was debated
from the early twentieth century. The nature of the “hunger signal” also stimulated
much research and debate. Early models proposed that a single factor was respon-
sible for the periodic onset of eating.

According to Brobeck’s thermoregulatory hypothesis (1948), a low temperature
of the body, caused either by low external temperatures or starvation, stimulates
eating which stops when the heat generated during digestion inhibits the eating
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system. Mayer’s glucostatic theory, based on the observation that blood glucose has
to be regulated within narrow limits in order to maintain brain function, proposed
that food consumption is triggered periodically by decreases in the rate of glucose
utilization (Mayer 1953). One common observation is that experimental animals,
after imposed periods of food deprivation or overfeeding, tend to return to their
initial body weight as soon as the intervention has ended (Le Magnen 1971), which
concurs with the well-documented difficulty of human dieters to maintain their
weight loss after the end of their diet. These robust phenomena suggest that a
homeostatic mechanism actively maintains the body reserves of energy. According
to the lipostatic theory, originally proposed by Kennedy (Kennedy 1953), the
amount of fat in the body is the regulated parameter that stimulates or inhibits eating
in order to maintain the body fat mass constant at a physiologically determined level,
or “set point.”

For all of the above hypotheses, and a few others, experimental demonstrations
confirm that acute or chronic changes in the hypothetic “hunger signal” trigger or
inhibit eating in animal models or human subjects. From a simply homeostatic
perspective, eating can be triggered by a variety of changes in the internal milieu.

The early homeostatic hypotheses stimulated the search for brain structures that
could detect a critical deviation in one regulated parameter, compare it to a regulated
value, and trigger the adequate physiological and/or behavioral corrective responses.
Using the crude instruments available in the mid-twentieth century, a “hunger
center” and a “satiety center” were identified in neighboring nucleuses of the
hypothalamus (the lateral and the ventromedial nucleuses, respectively), whose
activation/inhibition stimulated or inhibited eating. Of interest to the present discus-
sion of regulatory mechanisms, animal works (Hoebel and Teitelmaum 1966;
Powley and Keesey 1970) revealed that experimental lesions of the ventromedial
nucleus (VMN), the “satiety center” of the hypothalamus, caused a change in the
regulated body weight level rather than of eating behavior per se, so that lesioned
animals would overeat only as long as their weight was lower than the new “set
point” level, after which they would merely eat enough to maintain their elevated
weight. This was an early experimental demonstration that food intake, rather than
being regulated per se, acts as an effector in the regulation of body weight or body
adiposity.

Classic homeostatic views were used to account for the ingestive patterns of
animals observed under laboratory conditions (Le Magnen 1992). Typically, animals
with a continuous access to food do not eat continuously. Their ingestive patterns are
organized in a series of discrete ingestive events (eating/drinking bouts) interspersed
by intervals of variable duration during which no ingestion is observed. In addition,
ingestion occurs mainly during the active phase of the species-specific activity cycle
(night time in rodents, day time in humans). This pattern was termed the “dual
periodicity” of ingestive behaviors (Le Magnen 1992). According to this classic
view, at various moments of the activity phase, a critical “hunger signal,” arising
from some homeostatic deviation, triggers meal onset.

As consumption progresses, signals originating from various parts of the gastro-
intestinal (GI) tract cumulate and progressively counteract hunger and bring inges-
tion to an end. This process that brings eating to an end and therefore determines
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meal size is called “satiation.” Gastric distension and the release of “satiation
hormones” such as cholecystokinin (CCK) triggered by the sensing of nutrients in
the GI tract were identified as candidates to play this inhibitory role. Finally,
consumption was thought to be inhibited following an eating episode by various
post-ingestive and postabsorptive metabolic signals determining the duration of
“satiety.” The succession of stimulatory and inhibitory influences was conceptual-
ized in the “satiety cascade,” first described more than 30 years ago and periodically
updated to integrate new findings (Blundell et al. 2010). Animal studies suggested
that, after the fuels consumed in one meal had been used up by the organism, the
critical hunger signal occurred again, in an all-or-none fashion, and triggered the
onset of another meal (Le Magnen 1992).

The analysis of eating patterns in laboratory animals quantified two important
parameters of intake: the daily number of eating events and the size of these eating
events. These two parameters could potentially vary in response to regulatory
challenges in the environment, for example, when animals were exposed to cold
temperature, to changes in palatability or energy density of their foods, or to forced
physical activity (Le Magnen 1971). Laboratory rats housed in small individual
cages with little else to do but eat, drink, groom, and sleep, were found very
competent in energy regulation and generally maintained a stable body weight.
Meal size was found to be highly sensitive to the palatability and variety of the
available foods; in turn, larger meal sizes determined a longer duration of post-meal
satiety so that longer satiety corrected for increased meal size (Le Magnen 1971).
The “postprandial correlation” between meal size and duration of the post-meal
interval suggests that animals with constant access to food adequately adjust FI to
energy needs mainly by modulating the duration of post-meal satiety: animals do not
return to their food before they have used up the energy consumed in their previous
meal (Le Magnen 1992).

A number of experimental situations, however, defeated the animals’ adaptation
capacities: for example, lesions or stimulation of brain structures commanding inges-
tive behaviors induced either massive obesity or extreme life-threatening hypophagia,
whereas exposure to a “cafeteria diet,” which consists in a continuous access to a
variety of palatable foods typical of the human diet, stimulated ingestion and “dietary-
induced obesity.” Domesticated animals notoriously show the same obesogenic sen-
sitivity to their masters’ diet, and so do wild animals exposed to high-fat, high-sugar,
and high-energy foods (Zheng et al. 2009). In addition, the celebrated ability of
laboratory rats to adjust intake to changing energy conditions and maintain a “healthy”
weight has proved to be limited to the usual duration of laboratory tests (a few days or
a few weeks). When laboratory rats are allowed to age, they also tend to develop body
adiposity, even when fed a boring laboratory chow.

Advances in Knowledge and Changes in Concepts
In the recent decades, the identification of regulated parameters and associated

mechanisms has accelerated, facilitated by the phenomenal development of mea-
surement instruments, such as brain imaging techniques. These major advances are
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beyond the scope of the present paper. Many excellent reviews of the cumulative
findings have been published and are updated regularly (Berthoud et al. 2017). As a
result of convergent progresses, the classic views of homeostasis and the role of
ingestive behaviors have been entirely revisited. The next short sections address a
few areas of specific relevance.

Perception of the External and Internal Environments

The Head
The response to foods depends on the perception of their sensory characteristics by
receptors in the head, but not only in the oral cavity. The perception of foods results
from a complex integration of various sense modalities. The senses of taste and
olfaction and also vision, audition, and proprioception (for the perception of texture
and temperature) all contribute to the identification of foods and determine their
rewarding or “hedonic” levels. Importantly, the responses of sensory receptors in the
head contribute to both stimulation and inhibition of food intake. The stimulation
due to palatability is highest at the beginning of ingestion. As foods are being
consumed, habituation to the hedonic value of the ingested food develops. “Sen-
sory-specific satiation” and “sensory-specific satiety”” (Rolls and Hetherington 1989)
are inhibitory processes that specifically reduce the reward value of the sensory
characteristics of the ingested foods but spare the attractiveness of foods with other
characteristics, thereby facilitating the consumption of varied food sources.
Potential differences in sensory responsiveness between persons of different
weight status are a continuing field of research. While recent studies have generally
confirmed older data showing no difference in appreciation of foods (appetite for
sweetness in particular) between normal-weight and obese persons, some studies
suggest that certain aspects of appetite may be different: for example, satiation for
sweetness at the time of ingestion might occur more slowly in obese than in normal-
weight individuals (Pepino and Mennella 2012), possibly stimulating larger intake.

Beyond the Mouth: The Digestive Tract

One area of very rich scientific developments is the understanding of the sensors that
respond to various parameters of the nutritional status in the GI tract and could
contribute to regulatory signals. The entire GI tract is equipped with mechanosensors
and chemosensors which can sense the volume and nutrient content of consumed
food. For example, the same receptors responsible for the perception of sweetness in
the oral cavity are found in numerous locations in the GI tract and signal the presence
of sugars (Iwatsuki et al. 2011). The GI tract is densely innervated by sensory
afferents of the vagus nerve, which are positioned to directly communicate nutri-
tional information from the gut to brainstem structures (Berthoud et al. 2017). In
addition to neural signals, the presence of food within the GI tract elicits the
production of peptides and hormones that act locally to influence nutrient absorption
and metabolism, and also directly in the brain to alter feeding behavior (Berthoud et
al. 2017). As neural and hormonal satiation signals from the gut are generated during
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a meal, their impact gradually cumulates, ultimately activating brain circuits that
cause individuals to stop eating, i.e., satiation (Woods 2009).

Early views of gut signals insisted on their potent contributions to satiation and
satiety. More recent developments established that the presence of nutrients such as
glucose in the upper intestinal tract, and even in the circulation, can also act to
condition food preferences and stimulate appetite and food intake. This phenomenon
is called “appetition” to distinguish it from the satiation process by which nutrients in
the gut suppress appetite and intake (Sclafani 2018). Importantly, the post-ingestive
signals from the GI tract can be both stimulatory and inhibitory and require the brain
to integrate possibly antagonistic influences.

Body Fat Stores

The brain is informed of the present status of the adipose stores in the body via the
secretion of various hormones by the adipose tissue itself, among which insulin
(Woods 2013) and leptin (Zhang et al. 1994), allowing lipostatic mechanisms to
influence behaviors. The status of the adipose stores in the body modulates the
response to sensory factors such as palatability. For example, after weight loss,
regulatory processes enhance the attractiveness of sensory signals so that more is
consumed, progressively restoring the original level of body adiposity. This process
is reflected in the activity of the “hungry brain” after weight loss, in which activation
patterns are enhanced in response to food, a change that can be antagonized by the
administration of leptin (Zheng et al. 2009).

The Role of Learning and Plasticity

One important adaptive skill of animal life is the capacity to learn. Animals can learn
from previous experiences and adapt their responses to environmental cues in order
to anticipate situations of need and minimize the impact on their vital functions or to
avoid them altogether.

Learning shapes both behavioral and physiological responses. The conditioned
reflex, whose mechanism was demonstrated at the beginning of the nineteenth
century (Pavlov 1927), is one extremely useful tool in an animal’s regulatory arsenal.
The brain associates stimuli that occur in contiguity in the environment, so that one
(e.g., Pavlov’s bell) reliably predicts another (e.g., the meat served to Pavlov’s dogs).
As a result, predictive conditioned stimuli acquire the capacity to elicit adaptive,
homeostatic responses in anticipation of the contact with unconditioned stimuli.

Animals in the wild and humans living in organized societies learn to anticipate
eating occasions in their particular environment. The circumstances of habitual food
intake, the time of day, the smell and sight of foods, become conditioned stimuli that
trigger a set of anticipatory metabolic reflexes before ingestion has even started in
order to facilitate the absorption of nutrients by the body. This phenomenon is known
as the “cephalic phase” of digestion (Powley 1977). Among many aspects, a neurally
elicited insulin secretion occurs before or at the very beginning of meals (Teff 2011).
The cephalic-phase insulin secretion in humans is small in magnitude, but its
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occurrence at start of meals is sufficient to minimize the metabolic deviations that
follow the meal and enhance nutrient assimilation (Woods et al. 2018). Un-signaled
meals or snacks result in higher postprandial hyperglycemia due to the lack of a
cephalic-phase insulin response (Chapelot et al. 2004; Teff 2011). Other reflexes of
the “cephalic phase” affect many other hormones and enzymes that aid the digestion
and absorption processes. A common feature of these conditioned anticipatory
responses is that they occur in the absence of any major deviation of regulated
parameters; they act to prevent it or at least minimize its effects. An efficient regulator,
animal or human, does not wait for critical situations to develop and uses prior
experience to avoid or minimize need states (Ramsay and Woods 2016).

At the behavioral level, learning shapes an individual’s hierarchy of food likes
and dislikes, based on the association of sensory characteristics of foods with post-
ingestive effects. Importantly, in the context of a discussion of regulatory influences,
the appropriate amount of a particular food to ingest under particular need states,
present or anticipated, is learned based on repeated experiences of the nutritive
properties of the food: appetite and satiety are conditioned responses (Booth
1977). Ingestion stops long before most nutrients are digested and absorbed: learned
associations between sensory cues and post-ingestive satiety allow an individual to
stop eating with the assurance that sufficient calories have been acquired (Woods
2009). In much the same way, instrumental responses are learned to allow an animal
or human to make optimal use of the resources of the environment and obtain a
supply of food (via hunting, gathering, or shopping) before vital parameters deviate
from life-sustaining levels.

Ingestive responses to homeostatic deviations do occur, for example, when blood
glucose is severely reduced (Langhans 1996). However, eating most often happens
at glucose levels considerably above critical values (Woods 2009), and most regu-
latory responses occur without using negative feedback (Somjen 1992).

As any learned responses, anticipatory regulatory responses are plastic as
opposed to hard-wired reflexes (Woods 2013). Even the satiating action of diges-
tion-related hormones (such as CCK) is actually a plastic conditioned response
rather than a hard-wired unconditioned response. It is therefore subject to the process
of extinction or modulation if ingested substances do not contain the expected
amount of energy (Woods et al. 2018).

The Complex, Hierarchical Organization of Brain Function

The progresses of brain imaging techniques have allowed major advances in the
identification and understanding of brain regulatory mechanisms. The hypothalamus
together with the corticolimbic system and the hindbrain can be seen as the core
processor in the control of appetite (Berthoud et al. 2017). The brain receives a
continuous stream of diverse signals regarding the energy status throughout the body
and monitors the entry of nutrients into the blood and their utilization by most tissues
(Woods 2009). At the time of meal, the brain integrates signals reflecting energy
input with the present and anticipated state of need and acts as a “homeostatic
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regulator,” adjusting intake to needs in a flexible, largely anticipatory manner. Brain
mechanisms at times must arbitrate among multiple possibly conflicting regulatory
responses. For example, if chronic glucopenia is created in experimental animals,
energy intake increases to maintain blood glucose even if the augmented energy
intake induces significant weight gain (Langhans 1996): although both body adi-
posity and blood glucose are regulated parameters, protecting acute blood glucose
levels takes priority over body weight control (Woods 2009).

The reward or hedonic value of food is represented in the brain. Food reward is a
composite process that includes “liking” (hedonic appreciation), wanting (incentive
motivation), and learning (reward value based on associations and predictions). All
occur together, but the three components have separable brain systems (Berridge et
al. 2010): conscious liking in humans is encoded in the prefrontal cortex; wanting is
encoded by the mesolimbic dopamine system mainly projecting to the nucleus
accumbens in the ventral striatum. Liking is relatively independent of the prevailing
nutritional state. By contrast, wanting is greatly amplified by hunger (Berthoud et al.
2017), and satiety dampens the stimulatory impact of food cues (Berridge et al.
2010). Several brain regions and neurochemical systems mediate conditioned pref-
erences based on postoral nutrient sensing (Sclafani 2018). Dysfunction in reward
circuits might contribute to dysregulated eating and the rise of obesity, although it is
still unclear whether the possibly faulty circuits are hypersensitive or hyposensitive
to food reward.

Eating can be triggered by metabolic need, hedonic drive, or an interaction
between the two, and there are several neural circuits that represent this interface.
Metabolic signals of energy status modulate processing of cognitive and reward
functions in corticolimbic systems (bottom-up processing), which influence regula-
tory processes including ingestive responses (Berthoud 2011). In turn, cognitive
functions are capable of organizing food acquisition and consumption in order to
optimize nutritional benefits, for example, when planning meals or finding informa-
tion about the nutritional value of foods. In other circumstances, however, the
cognitive and emotional brain can override homeostatic regulation (top-down pro-
cessing) to yield an energy imbalanced state (Berthoud 2011).

As a result of these major scientific developments, it is now recognized that, in
order to be efficient, an animal’s vital regulatory system requires complex and
redundant nutrient sensing and monitoring mechanisms, a flexible integrative mech-
anism that can learn from and adapt to changing external and internal conditions, and
powerful effector mechanisms for energy intake and metabolism (Berthoud et al.
2017). The human organism is equipped with such highly competent mechanisms.

Regulatory Responses and the Control of Ingestive Behaviors in
Free-Living Humans

The modern vision of regulatory mechanisms acknowledges that FI participates in
the regulation of numerous internal parameters of vital importance. The ingestive
responses are triggered, however, not only by simple feedback loops that correct an
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acute state of need or excess but, more generally and more efficiently, in an
anticipatory fashion, after an organism has become accustomed to a predictable
environment. States of need or excesses can be anticipated and partially or totally
avoided, thereby insuring the stability of the internal milieu. How do actual ingestive
behaviors in free-living individuals respond to these various mechanisms?

A number of methods developed over the years have investigated ingestive
patterns in free-living humans and identified conditions or factors affecting the
number of daily eating episodes, their size or duration, and their satiety effects. In
particular, they examined the influence of thirst and hunger or other factors poten-
tially reflecting regulatory needs. These methods require consumers to report all their
consumption episodes over a number of days. In addition to what typical dietary
surveys include, these methods obtain information about various circumstances of
consumption, for example, time of day, day of the week or month, company sharing
the meal, context, and palatability. In many cases, visual analogue scales (Stubbs et
al. 2000) or other validated instruments that assess facets of appetite (hunger, thirst,
fullness, desire to eat or drink, etc.) provide insights into subjectively experienced
states of need.

The “Weekly Food Diary” method examines ingestive patterns over a whole
week and computes a correlational analysis of the relationships between ingestive
events (de Castro 1994). A different approach consists in gathering hourly appetitive
ratings and dietary recalls for 7 consecutive days (McKiernan et al. 2008b). Such
reports quantify the number of daily eating events (meals or snacks), the amount of
energy/nutrient/fluid ingested in each event, the duration of consumption, and the
duration of pre- or post-intake intervals.

Hunger and Thirst

These studies reported many unexpected observations. First, they provided little
support for the intuitive notions that thirst is a major stimulus of drinking and that
eating is a response to hunger states. A weak coupling appeared between the
sensations hypothesized to signal biological need states and ingestive behaviors
distributed over the waking hours. In a review covering 39 dietary surveys, it
appeared that most (64%) did not observe any significant association between
appetite ratings and actual intake (McKiernan et al. 2008b). Hourly reports revealed
that patterns of hunger are only weakly predictive of energy intake (» = 0.30) and
patterns of thirst fail to predict energy intake or fluid intake (» = 0.08 and » = 0.03,
respectively) (McKiernan et al. 2008b). In Weekly Food Diaries, the intensity of
hunger sensations recorded at the beginning of a meal and the duration of the interval
since the previous episode of intake (an objective measure of food deprivation) show
significant but very modest associations with the size of the meal, accounting for
only 4-9% of the variance in meal size (de Castro and Elmore 1988). One internal
factor, the estimated stomach contents at the beginning of consumption, shows a
negative correlation (de Castro 2010) with the size of the meal. The correlation,
however, accounts for less than 6% of the variance in meal size.
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About 75% of all fluid intakes occur at the time of eating (McKiernan et al. 2009).
The sensation of thirst at meal time is only weakly associated with total fluid intake.
Relatively rare drinks occur independent of eating and are correlated with the degree
of thirst (de Castro 1988). Drinking without eating leads to a decrease in thirst
sensation whether or not the beverage contains energy; however, drinking without
eating does not induce any reduction of hunger even when the beverage contains
energy (McKiernan et al. 2009).

Environmental Influences

Beside these modest correlations with appetite sensations, the amount of energy
consumed in one eating event is significantly affected by external factors such as
time of day and day of the week and by the number of persons sharing the meal (de
Castro 2010). The “social stimulation” of eating is a robust observation that varies
qualitatively as well as quantitatively. Different social interactions (parental, friend-
ship, work, etc.) affect meal intake in potent and complex ways (Herman 2015).
Meal size appears to be a power function of the number of persons present. However,
the magnitude of the correlation remains modest, accounting for 9% of the variance
in meal size (de Castro and Brewer 1992).

Time of day is a major factor affecting daily eating patterns. Energy intake is not
distributed evenly over the waking hours: meal sizes increase from morning to night.
Breakfast, which occurs after the long overnight fast and in the most acute state of
need, is often a relatively small meal. Satiety, the inhibition of ingestion induced by
prior consumption, is not a stable phenomenon over the waking hours but rather
seems to decrease in efficiency from morning to night. Breakfast produces relatively
long-lasting satiety. As the day progresses, average meal size increases and intermeal
intervals get shorter.

Short-Term and Long-Term Adjustments

Importantly, there is no evidence of adjustment of energy content, or compensation,
on a meal-to-meal basis: no significant correlation appears between the size of a
particular meal and the size of subsequent meals (e.g., a large lunch is not necessarily
followed by a small diner) (McKiernan et al. 2008a; de Castro 2010). Another
important aspect of ingestive patterns relevant to regulation is that food intake varies
considerably from day to day (de Castro 2010). If the internal milieu must be kept
constant, homeostatic mechanisms should compensate for these variations and adapt
intake in response to a prior day’s deficit or surfeit. Many studies report that
correlations between 2 successive days are not significant (de Castro 1998). How-
ever delayed compensatory adjustments can be observed after 2 or 6 days and appear
to be macronutrient specific (De Castro 1998; Champagne et al. 2013). These
observations are consistent with the 2—3-day delays in adjustments in FI following
changes in physical activity (Edholm et al. 1955). Each macronutrient exerts a



124 F. Bellisle

maximal negative relationship with subsequent intake of that same macronutrient
with 2-day lag (de Castro 1998). The 2-day delay eliminates acute GI, plasma, and
hepatic factors as intermediaries. Rather it suggests that feedback from a long-term
energy storage depot (fat) may be involved (de Castro 1998). Once more, these
significant compensatory effects are small and account for less than 5% of the
variance in daily intake (de Castro 2010).

Putting the Pieces Together

According to the General Control Model proposed by de Castro (2010), external
factors such as daily, weekly, or seasonal rhythms, social facilitation, dietary
restraint, cost and availability of food, palatability, energy density, culture, beliefs,
etc. contribute to the control of ingestive behaviors along with a large number of
internal compensated factors with regulatory feedback loops, among which stomach
contents, blood glucose, free fatty acids, leptin, body weight, body fat mass,
temperature, insulin in the central nervous system, and hypothalamic neuropep-
tide-Y concentrations (de Castro and Plunkett 2002). Each of these factors exerts a
minute influence, although it may be significant in correlational analyses. The
influence of any one factor can only be understood when considered in combination
with many, if not most or all, of the other influential factors (de Castro 2010).

Food Intake and Regulation in the Contemporary World

Dietary reports in America and many European countries show that two to three
main meals plus two to four snacks or more occur on most days in most adults and
children (Bellisle 2014). FI occurs every few hours, when no major state of need has
developed. Humans also work, study, commute, watch various screens, enjoy
diverse forms of leisure activities, and devote time to family and friends. Time has
to be shared between numerous activities, obligatory and/or optional. When to eat
appears largely dictated by environmental and social constraints, especially time of
day (socially determined time of main meals, time when foods are available for
snacking).

Actually, in the twenty-first century, it may be more appropriate to say that time
used to be shared between so many different activities: nowadays eating is often
done while doing something else (e.g., watching various screens) (Kahneman et al.
2010). Cultural differences modulate this overlap of eating with other activities: in
America eating is often considered an accessory activity that is compatible with
other “main” activities, whereas in France eating is reported as the “main” activity
that sometimes can be contemporary with other compatible behaviors (Kahneman et
al. 2010). While the influence of significant regulatory factors appears to be modest
in studies of eating patterns, it is likely that this modest influence can be diluted if FI
itself is just one feature, and maybe not the main one, of the attention-requiring
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activities. Ample evidence has been obtained of the deleterious effects of distraction
at the time of eating on both satiation and satiety (Higgs and Spetter 2018).

Surprising as it may seem, the action of regulatory factors, among this plethora of
diverse and often antagonistic influences, is detectable. It is evidenced by the modest
energy and nutrient-specific compensation phenomena observed over several days
(discussed above) and also by the relative stability of body weight over long periods
of time in most adults. Weight stability reflects a state of energy balance at all levels
of the body adiposity spectrum; in overweight/obese individuals, this is achieved at a
higher level of body fat (Hall et al. 2012), confirming very precise regulation. In
many populations, however, body adiposity has increased to unprecedented levels in
recent years, suggesting a strong positive balance and faulty regulation. Using a
population-averaged model, Hall et al. (2011) established that the development of
the obesity “epidemic” in American adults resulted from a small persistent average
daily energy imbalance gap between intake and expenditure of about 30 kJ per day, a
very small positive but cumulative deviation.

How can obesity develop then, if adiposity regulation remains active? Animal
and human studies show that body adiposity regulation is asymmetrical: while the
procurement of sufficient energy and nutrients are strongly defended, preventing
decreases of body adiposity, the homeostatic defense of upper limits of adiposity is
under no such critical constraints (Zheng et al. 2009). The critical pressure against
elevated body weight during evolution is thought to be vulnerability to predation, a
problem that has lost its selection power as human societies developed very efficient
protection (Zheng et al. 2009; Speakman et al. 2011; Rogers and Brunstrom 2016),
allowing body weight to drift upward progressively. The long-standing and success-
ful efforts of sapiens to secure protection from famine, on the one hand, and from
predators, on the other hand, have led to a progressive increase in body size over, at
least, the past 300 years (Caballero 2019). The obesity “epidemic” of the recent
decades is not a novel phenomenon but rather the ultimate development of this trend,
facilitated by major social and economic progresses (Caballero 2019).

Given the changing survival pressures in human societies, a genetic drift may
have allowed a progressive increase in the adiposity set point (Zheng et al. 2009). In
addition, numerous aspects of modern lifestyle contribute to making FI escape the
moderating influence of regulatory factors. Clearly, many of these factors are
associated with food and eating patterns, for example: increased availability of
palatable energy-dense foods; increased exposure to food cues; increasing portion
sizes; increased variety of food options, more frequent eating outside the home; low-
cost of high-fat, high-sugar foods and sweetened beverages; reward from comfort
food; distracted mindless eating while watching one of many screens. The general
increase of obesity in the American population, affecting all ages and social strata,
has been attributed to the sudden increase in food supplies that took place first in the
USA in the second half of the last century (Rodgers et al. 2018). A “vicious circle”
effect is possible: over-ingestion of high-fat diets can rapidly produce hypothalamic
inflammation and damage, causing the adiposity set point to change (Thaler et al.
2013). Other suspected obesogenic influences derive from non-food-associated
aspects of lifestyle: decrease in energy expenditure below the point where it can
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exert a moderating influence on intake, use of artificial light and disturbed sleep
patterns, screen exposure, central heating, disturbance of the microbiota, and cumu-
lative epigenetic vulnerability developed in successive generation of sedentary
pregnant women, among others.

As a likely consequence of the above obesogenic influences, it is now common in
most developed societies that at least half of the adult population is either overweight
or obese. It should not be overlooked, however, that the other half is not obese, in
spite of the shared environment and the plethora of anti-regulatory influences.
Individual risk factors for obesity are the focus of very active research, among
which the many genetic variants that differentiate the obese from the nonobese
(Speakman 2007). Many genes affect food selection, food intake, absorption,
metabolism, and energy expenditure, including physical activity. Genetic factors
modulate the response to most of the internal and external factors identified in
analyses of free-living ingestive patterns (de Castro 2010). Of interest also is the
strong social gradient observed in developed societies, with decreasing rates of
obesity as income and education increase (Pavela et al. 2019). What makes certain
social strata relatively immune to obesity deserves to be investigated: food choices
and habits are different according to socioeconomic factors, while other aspects of
lifestyle (access to sports and medical care) have the potential to make a significant
contribution. Such differences could, at least hypothetically, facilitate a higher
sensitivity to regulatory influences.

Conclusion

The study of regulation mechanisms has stimulated spectacular developments in
many scientific fields: sensory physiology, digestive physiology, behavioral science,
psychology, and brain structure and function, among others. Much has been learned.
Food intake, in its immense complexity, is one important effector in the regulation of
several important parameters of the internal milieu. The naive view that hunger
triggers eating while thirst prompts drinking finds little support in scientific reports
of present lifestyle, perhaps because states of physiological need can be prevented by
anticipatory intake responses. Regulatory responses to energy or nutrients needs are
not perceived at the scale of 1 day. However, evidence of regulation becomes clearer
when intake and weight are followed over longer periods. The classic notion of a
fixed body weight set point preventing and/or reversing weight losses and gains has
been replaced by the notion of a flexible regulator that learns from experience and
adapts to changing environmental conditions, resulting in a “floating set point”
(Zheng et al. 2009) that resists adiposity decreases but is very prone to increases
under the influence of nutritional and non-nutritional influences in the obesogenic
world.

The obesity “epidemic” in modern societies does not rule out the action of
powerful regulatory mechanisms acting in present lifestyle conditions. Procurement
of energy and nutrient to cover bodily needs are strongly defended, while an
asymmetrical regulation of body adiposity stores allows a progressive upward drift
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of body weight in large segments of contemporary populations. Clearly, numerous
nutritional and non-nutritional influences make body adiposity regulation difficult
and imprecise. An important question remains of the critical factors that allow so
many people to maintain a healthy weight under the very same obesogenic condi-
tions. The contribution of FI, under genetic or socioeconomic influences, to these
differences remains to be examined in this context.
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Abstract

Flavor is an integrated unified perceptual phenomenon that arises from inputs
across multiple sensory modalities, including taste, smell, chemical touch
(chemesthesis), and oral somatosensation. The flavor of foods influences
the decisions we make about what foods to eat, and in an environment with
abundant options, this primarily occurs by causing us to reject certain foods
because we do not like the sensations they evoke. In general, bitter sensations
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tend to be disliked, while sweet sensations are liked; data on other taste
qualities are less clear. Notably, there are substantial differences between people,
both in their sensory and affective responses, and learning and exposure
can decouple sensations from innate aversive responses. Further, dynamic
changes in liking within a meal also influence the amount of food we eat.

Introduction

To the average person on the street, the flavor of a food is typically viewed as
an inherent property of the stimulus (i.e., the food). That is, apple flavor comes
from an apple, potato chips are salty, and sugar is sweet. A variant of this belief
is also shared by many food chemists or product developers with in the food
industry: if T wish to formulate a grape-flavored drink, I simply obtain a natural or
synthetic flavor (like methyl anthranilate) from a supplier and add it to my product.
However, this essentialist view misses a critical point: flavor is a perceptual phe-
nomenon (i.e., a percept), meaning it occurs in the brain, not the bottle. That is, the
percepts we experience from foods are not only the result of the integration of
multiple physiologically distinct sensory systems but also prior experience and
learning. If I have never been exposed to the odorant cis-rose oxide, I will likely
struggle to describe it, but if I can, I will probably say it has a generic fruity odor.
However, to other individuals, the sensation of cis-rose oxide is very clearly the
characteristic flavor of lychee fruit or an Alsatian Gewiirztraminer wine. As we chew
the lychee, the overall flavor emerges from the volatiles sensed via olfactory
receptors, but also the sweetness of the sugars and the sourness and astringency of
the organic acids. A review of the biological and physiological processes that
underlie these sensations is provided elsewhere in this handbook (see Duffy and
Hayes forthcoming). The focus of this chapter is on flavor perception, the relation-
ship of food sensations to liking and eating, and factors that complicate these
relationships.

A General Framework Linking Sensation to Eating Behavior, via
Affective (Hedonic) Responses

It is widely and broadly accepted that the sensory properties of food have a
substantial influence on ingestive behavior: at home, parents add salt to cooked
vegetables prior to serving; at the café, patrons add sugar and/or cream to their
coffee; and in research and development labs around the globe, food companies
spend millions of dollars each year to optimize their formulations. However, it is also
fair to state that the sensory properties of food are only one small factor among many
that influence behavior regarding the consumption of foods and beverages, as
evidenced by numerous other chapters in this handbook. Still, a convincing argu-
ment can be made that the sensory properties of foods and beverages influence both
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food choices and termination of eating within a meal via changes in pleasure. This
chapter provides a brief overview of these data.

When we add salt to our food, or sugar to our coffee, we change the amount
of saltiness or sweetness in that food, and the lawfulness of these relationships
has been studied for decades by psychophysicists, sensory scientists, and food
technologists (e.g., Holway and Hurvich 1937; Schutz and Pilgrim 1956; Pangborn
1963). In turn, the observation that the pleasure arising from a sensation varies
as a function of intensity or concentration is not new (e.g., Pfaffmann 1960). Indeed,
in 1874, Wilhelm Wundt, the founder of experimental psychology, noted that
pleasantness increased with sensation intensity, before peaking, and then falling
as sensation continues to increase. For taste, this was first shown experimentally
in 1928 by Engel for sourness and saltiness (see Pfaffmann 1980). Some have
characterized the point of maximal pleasure, that is, the point at which the curve
turns over (i.e., the second derivative) as the “bliss point” (Moskowitz 1981).
However, in practice, this is probably a misnomer, as extant data indicate this region
is more of a plateau in practice, as consumers are actually quite tolerant (i.e.,
insensitive) to formulation changes near this point (e.g., Li et al. 2014b; Rolon
et al. 2017). Other data also indicates there are large and robust individual
differences in the shape of the concentration-pleasure curve (e.g., Garneau et al.
2018; Iatridi et al. 2019a, b) that are largely obscured when only mean responses
are considered (cf. Lundgren et al. 1978 and Moskowitz 1971). Still, if one assumes
that humans are pleasure maximizing, or at least pleasure seeking, then it typically
assumed that greater liking drives greater intake. This assumption is generally
well supported by evidence in adults (de Graaf et al. 2005; Tuorila et al. 2008;
Johnson et al. 2014; Byrnes and Hayes 2016; Park et al. 2018) and children
(Caporale et al. 2009; Vosburgh et al. 2019) for both foods (e.g., Dinchart et al.
2006) and beverages (e.g., Lanier et al. 2005).

Collectively, the three pairs of relationships described above — concentration-
sensation, sensation-pleasure, and pleasure-intake — result in a causal chain that
links the formulation of a food product to consumption. However, the correlations
of each step along this chain are far less than one, both due to statistical attenuation
due to measurement errors (see Hayes 2015) and other factors that meaningfully
modify these individual relationships (e.g., genetic variation, cost, availability,
branding, dietary restraint, cultural factors, moral disgust, etc.). By one rough
approximation, the total variance in intake that can be explained by formulation is
actually quite low, somewhere between 2% and 22% (Hayes 2018). On the other
hand, centuries of culinary traditions (including the historical quest for spices that
quite literally drove exploration, colonization, and global trade), as well as the
continual expenditure of substantial resources for formulation and reformulation
over many decades by global food companies, imply the putative framework linking
food formulation and sensation to intake via affective responses (see Fig. 1) must
have some degree of face and predictive validity.

The following sections provide a discussion of various complications to
the framework presented in Fig. 1. For additional information and discussion of
this conceptual framework, the interested reader should also see Hayes (2015).
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Concentration Percept Pleasure Intake

(Formulation) (Sensation) (Affective Response) (Consumption)

Fig. 1 A working model of how food composition is related to intake via pleasure

The Imperfect Relationship Between Food Liking and Food
Selection or Intake

As noted above, most researchers accept that liking is positively (if imperfectly)
related with intake. This has been repeatedly found by multiple researchers
on multiple continents across multiple decades for multiple types of foods, with
correlations in the literature ranging from +0.22 to +0.81 (e.g., Schutz 1957,
Cardello and Maller 1982; Zandstra et al. 1999; Tuorila et al. 2008). For example,
Lahteenméki and Tuorila found the correlations between liking and use of chocolate,
ice cream, licorice, flavored yogurt, cookies, and soft drinks were between +0.57 and
+0.73 in Finish women (Lahteenméki and Tuorila 1994), while Byrnes and Hayes
found that the correlation between liking for the burn of a spicy meal and annualized
intake of chili-containing foods was +0.58 in adults in the United States (Byrnes
and Hayes 2013). These reports provide strikingly similar estimates to an early
report from Schutz (Schutz 1957): he found that the now famous 9-point hedonic
scale (Peryam and Pilgrim 1957; Meiselman and Schutz 2003) predicted both the
amount taken and amount eaten by American military personnel in an ad libitum
setting, with correlations between +0.51 and +0.77. More recent work suggests
food liking questionnaires also predict dietary biomarkers (Sharafi et al. 2015) as
well as aggregate measures of dietary quality in American adults (Zoghbi et al. 2017)
and children (Sharafi et al. 2015) and Australian adults (Wanich et al. 2019).

As these examples illustrate, various studies have operationalized liking and
intake in different and diverse ways — various consumption estimates include direct
observation of amounts eaten or amounts taken, self-reported intake of specific
foods, comprehensive diet records/food diaries, and data drawn from validated
food frequency questionnaires, while affective responses are typically estimated
from acute tasting of foods or longer surveys of multiple foods using some type of
liking or pleasantness scale (i.e., so-called food preference questionnaires). While
this heterogeneity complicates direct comparisons, it also provides some degree of
convergent validity, which enhances the robustness and generalizability of the
findings. Direct head-to-head comparisons of liking of sampled foods and surveyed
liking (i.e., names on a list of foods) are far less common, although a few reports
suggest this relationship is also positive, in the range of +0.43 to +0.64 (Hayes et al.
2010; Sharafi et al. 2012).

The consistent and robust positive association between various measures of
liking and intake leads to the common conclusion that greater liking drives
greater intake. At the extremes, this widespread assumption has led some to suggest
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that decades of optimization of foods by the food industry has somehow made these
foods hyperpalatable or even addictive, thereby contributing to the obesity epidemic
seen in industrialized nations (Kessler 2009; Moss 2013).

However, a deeper analysis of the liking-intake relationship suggests the common
assumption that greater liking leads to greater intake, although extremely wide-
spread, is incorrect, or at least, is insufficiently nuanced. Specifically, the relationship
between liking and intake is heteroscedastic — that is, the data tend to have a cone
shape when visualized in a scatterplot. As shown in Fig. 2, the variance in intake is
quite small when liking is low, whereas the variance is much larger when liking is
high. The data in the left and center columns show self-reported liking and intake
data for a group of high-fiber foods (whole grains, fruits, and vegetables) and high-
fat foods (fried foods, red meat, processed meats, oil and high-fat condiments,
whole-milk dairy, cookies, cakes, and pastries) for 88 women from a worksite health
promotion program in Connecticut (Duffy et al. 2009), while the rightmost column
shows self-reported liking and intake data for chili-containing foods for 97 adults
(18-45 years) in a laboratory study in Pennsylvania (Byrnes and Hayes 2013).

Practically speaking, the heteroscedasticity in these plots suggests that rather than
being a driver of intake, affective responses act as a ceiling or break on intake — or to
put it more simply, instead of the classical conclusion that more liking drives more
intake, a better conclusion would be that disliking drives nonuse. Personally and
intuitively, this should make sense. A person may really love large, well-marbled
steaks and bold tannic Chianti wines from Italy, but still moderate their intake of
each due to health concerns or cost or myriad other factors (e.g., Herman et al. 2019;
Higgs and Ruddock 2019). Indeed, this point can be clearly illustrated in the bottom
half of Fig. 2 by comparing the two shaded regions within each panel: when a food is
disliked (i.e., is rated below neutral), almost no individuals consume it frequently
(top left shaded region), whereas when a food is liked (i.e., is rated above neutral),
many individuals still fail to regularly consume those foods (bottom left shaded
region). For foods like fruits and vegetables, this discordance may represent
cost or availability constraints or preferences of other members of the household.
Conversely, for energy-dense foods, discordance between liking and intake may be
an indirect measure (proxy) for dietary restraint in adults. Indeed, among American
women, those who were discordant in this way (i.e., high liking/low intake) had
significantly higher restraint scores on the Three-Factor Eating Questionnaire
(Sharafi et al. 2018). In children, this same kind of discordance (i.e., high liking/
low intake for high-fat/sweet/salty foods) associates with greater body mass index
percentiles relative to the concordant low liking/low intake group, suggesting par-
ents of these children may be restricting intake of foods they view as being
unhealthful (Sharafi et al. 2015).

The idea that disliking discourages intake is not limited to self-reported assess-
ments of chronic diet, as some controlled laboratory studies and naturalistic free-
living feeding studies show similar effects on food intake and food choices. In one
study of intake by US Army personnel under field conditions between 1995 and
1997 (de Graaf et al. 2005), the relationship between liking and intake was curvi-
linear, as is shown in Fig. 3. Critically, if a food was rated above neutral, greater
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Fig. 3 Relationship between liking ratings and amount eaten on first offering (dots) and
percentage of time selected on second offering (bars) under naturalistic feeding conditions with
US Army personnel. The shaded region at the top indicates consumption of 90% or more of the
food. (Data are replotted from de Graaf et al. (2005). See text for additional discussion)

liking was not a meaningful predictor of greater intake: for the top four categories on
a 9-point hedonic scale (like slightly to like extremely), the average amount con-
sumed exceeded 90%. Conversely, soldiers who rated a food as extremely disliked
(i.e., arating of 1 on a 9-point hedonic scale) consumed less than half of it (46%) on
the initial offering. These data support the contention that disliking is more closely
coupled with nonuse instead of greater liking driving greater intake — that is,
disliking acts as a strong barrier to intake. One might argue that this represents a
ceiling effect, as hungry troops may have eaten more of highly liked foods had they
been available. Indeed, under laboratory conditions, Zandstra and colleagues did
find a serving size effect on yogurt intake: under ad libitum conditions, almost all
participants (Dutch students) stopped at the initial amount served (300 g), despite
being told they could request more if they wished (Zandstra et al. 1999). However,
for the soldiers, other data from subsequent offerings suggest that the curvilinear
relationship shown in Fig. 4 is not merely an artifact due to serving size or
availability. Specifically, when given the opportunity to select the same food a
second time (from among several options), foods rated “dislike extremely” were

<
<«

Fig. 2 Self-reported food intake as a function of liking. (Data are replotted from Duffy et al. (2009)
(left and center) and Byrnes and Hayes (2013) (right). The relationship between liking and intake is
positive but heteroscedastic, as the variance in intake across the range of liking is uneven.
Specifically, the top left corner is empty, meaning people do not eat the food they dislike, whereas
in the bottom right corner, some people like those foods but still fail to consume them frequently)
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Fig. 4 Relationship between liking ratings and mean amount uneaten for 34 foods by 4- and 5-
year-old Italian children under naturalistic feeding conditions (school lunch rooms). The gray line
shows the strong negative relationship (» = —0.96; n = 34) between hedonic ratings and amount
uneaten across all 34 foods reported by the authors. The blue line shows that that relationship is
weaker, albeit still significant (r = —0.66; n = 26) when only the well-liked foods are considered
(shaded region). (Data are replotted from Caporale et al. 2009)

only chosen 8% of the time, whereas even foods rated as “like extremely” were only
chosen 52% of the time (de Graaf et al. 2005). The observation that highly liked
foods were only selected about half of the time on a subsequent offering is wholly
consistent with the idea that a food being highly liked is not, by itself, sufficient to
drive choice or intake.

Nor are such effects limited to soldiers in the field. Mustonen and colleagues asked
62 Finnish women to rank 6 cheeses (full and reduced fat Edam, Emmental, and
Havarti) for liking in the laboratory before having them choose three 150 g blocks of
cheese to take home; their participants could select 3 of the same cheese, 3 different
cheeses, or 2 of 1 and 1 of another. The two cheeses ranked as least liked were only
selected ~12% of the time (Mustonen et al. 2007). As a final example, data from 4- to
5-year-old children in Italy also show a strong relationship between disliking and
nonuse. Caporale and colleagues asked children to rate their liking of 34 different
foods on a 7-point (“super good” to “super bad”) scale and then monitored the
amounts of these foods uneaten when served in the school lunchroom over the next
2 months (Caporale et al. 2009). Across all 34 foods, they observed a very strong
linear relationship (» = —0.96) between hedonic ratings and amount uneaten. How-
ever, it also appears that the strength of this relationship was driven, in part, by massive
underconsumption of the 8 least liked foods: the mean amount left uneaten for the
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8 least liked foods was 68%, versus only 14% for the other 26 better liked foods. That
is, as shown in Fig. 4, if the eight least liked foods are removed from the analysis, the
relationship between liking and intake is weaker, although still significant.

In summary, simple correlations with group means can lead to the common
but erroneous conclusion that higher liking leads to more intake, in part due the
differential variance intake across the range of hedonic ratings. Instead, the data
described here for both self-reports of chronic dietary intake and acute
feeding studies under laboratory and naturalistic conditions each seems to suggest
a better interpretation would be that disliking drives nonuse for both acute intake
and food choices. And this disliking can often be related back to the sensations
from the food.

Bitterness: A Signal for Pharmacological Activity and/or Toxicity

Chemicals humans describe as bitter are innately aversive, and stereotypical aversive
responses are conserved across species (Ganchrow et al. 1983; Steiner et al. 2001);
presumably, these innate responses help prevent ingestion of toxins (Scott and
Mark 1987; Katz and Sadacca 2011). Indeed, numerous reports suggest bitterness
leads to rejection and/or decreased intake in humans (e.g., Keller et al. 2002;
Lanier et al. 2005; Dinehart et al. 2006; Duffy et al. 2010; Harwood et al. 2012a,b).
The idea that bitterness is a gatekeeper that guards against toxin ingestion is not
new. In 1975, Garcia and Hankins noted bitter stimuli are rejected in humans,
and similar rejections are found in monkeys, birds, fish, invertebrates, and protozoa,
causing them to conclude rejection of bitterness is a phylogenetically ancient
response (Garcia and Hankins 1975).

However, other data challenge the common and persistent view that bitterness
is a simple signal to reject a food entirely. In 1994, Glendinning noted many bitter
stimuli are not actually toxic (Glendinning 1994), an idea that was recently revisited
by Niv and colleagues. Using toxicity data and chemoinformatic tools (i.c., BitterDB
(Wiener et al. 2012) and BitterPredict (Dagan-Wiener et al. 2017)), Niv and her team
found only 60% of bitterants in BitterDB are toxic and that only 56% of toxic
compounds are expected to be bitter (Nissim et al. 2017). This suggests classic
assumptions about bitterness and toxicity may be an oversimplification. That is,
instead of being a STOP sign per se, bitterness may instead be a CAUTION GO
SLOW sign to allow us the opportunity to learn about the stimulus via controlled
exposure. The potential medicinal properties of bitter stimuli have been noted for
many decades (see Goodman’s Pharmacopeia (Goodman and Gilman 1941)), and
many beneficial phytonutrients are bitter (Drewnowski and Gomez-Carneros 2000).
Likewise, folk medicines like woolly foxglove (digoxin) and cinchona bark (qui-
nine) have a long history of use. Phlorizin, a phenol glycoside isolated from apple
tree bark in 1835, was first used as an antimalarial due to its similarity in taste with
known antimalarials (Ehrenkranz et al. 2005). The ability of bitterness to act as a
marker of potentially desirable pharmacology (versus toxicity to be avoided) is even
observed in nonhuman primates (Huffman et al. 2013) and other animals (Villalba
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et al. 2014). Such therapeutic self-medication by animals (i.e., zoopharmacognosy)
presumably requires a mechanism by which the animal can learn to associate specific
secondary plant compounds with the beneficial effects of their ingestion.

Similar learning can be commonly observed in humans, as should be
apparent from the widespread consumption of black coffee and heavily hopped
craft beers. That is, for coffee, the bitterness is aversive initially. But with repeated
intake, positive response to caffeine decouples negative affective responses to
the bitterness. That is, bitter coffee stops being aversive and may become
desirable due to the pharmacological action of caffeine (e.g., Cines and Rozin
1982; Chambers et al. 2007). This process has been termed flavor-consequence
learning (Yeomans et al. 2005). In summary, bitterness is innately disliked, and
this appears to be evolutionarily important as it is found in multiple species;
however, bitterness is not a simple break on intake, as innate aversions to bitter
sensations can also be overcome via learning processes, including those involving
reward.

Biological Differences in Bitterness Perception What Potentially
Influence Food Liking and Consumption

In addition to experiential factors mentioned above, the influence of bitterness on
food choice and eating behavior also varies across people due to normal biological
variation. The systematic study of individual differences in chemosensation
dates back almost a century (e.g., Blakeslee and Fox 1932), with the initial studies
on diet and food liking coming later (Fischer et al. 1961; Glanville and Kaplan
1965). Multiple comprehensive reviews already exist elsewhere (Duffy 2007,
Hayes et al. 2013; Keller and Adise 2016; Running and Hayes 2016; Ulla et al.
2016; Hayes 2018), so they will not be discussed here in great detail. As one
example, the functional consequences of polymorphisms in the TAS2R3! gene
will be presented briefly here. Humans generally find sweetness appealing and
desirable, but at the same time, consumers often do not want the calories that
accompany bulk sweeteners like sugar, resulting in large commercial demand for
various nonnutritive sweeteners (Sylvetsky and Rother 2016; Wee et al. 2018).
The sulfonyl amide sweeteners saccharin and acesulfame potassium (Ace K) are
widely used in tabletop sweeteners and diet beverages. However, these sweeteners
also have a bitter side taste that is experienced by some individuals but not others
(Schiffman et al. 1979; Horne et al. 2002); as would be expected, greater bitter-
ness leads to lower liking ratings (Kamerud and Delwiche 2007). These pheno-
typic differences in sensation are caused by a single amino acid substitution
(Arg35Trp) in the TAS2R31 gene (Roudnitzky et al. 2011). Consequently, genetic
variation in the TAS2R31 associates with differences in suprathreshold bitterness
intensity (Allen et al. 2013a,b) and differential liking of Ace K across individuals
(Bobowski et al. 2016). The same gene variants also associate with substantial
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differences in the bitterness intensity of quinine, as well as the liking for grapefruit
(Hayes et al. 2015). However, published data associating these variants with food
intake is still lacking.

Notably, this specific genotypic variant and the resulting phenotypic
differences are only one example of many. The TAS2R31 variants are independent
of variants in T4S2R4 that are associated with stevia-derived sweeteners (Allen et al.
2013a; Risso et al. 2014) or TAS2R38 variants that associate with liking and intake
of vegetables (e.g., Duffy et al. 2010; Sandell et al. 2014) or alcohol (e.g., Hayes
et al. 2011; Beckett et al. 2017; Hayes and Nolden 2017). Nor are such differences
restricted to taste, as functional variants have been reported for starch
breakdown (Perry et al. 2007; Mandel et al. 2010) and numerous odorants (Keller
etal. 2007; Lunde et al. 2012; Jaeger et al. 2013; Mainland et al. 2014). This remains
a highly active area of research (e.g., Trimmer et al. 2019), so it seems likely new
relationships between genetic variation and eating behavior will continue to emerge.

Sweetness Is Widely Liked, but Optimums Differ Across People

Like bitterness, humans and other mammals show an innate response to
sweetness, but unlike bitterness, this response is positive and presumably appetitive.
When newborns only a few hours or day old are given sucrose solutions, they
exhibit stereotypical facial responses that are interpreted as being positive (Steiner
1977; Steiner et al. 2001). Likewise, when given plain water or carbohydrate
sweetener (i.e., glucose, fructose, lactose, or sucrose) solutions, healthy infants
1-3.5 days old drink more of the sweetened solutions than water, and the different
intake increased as sweetener concentration increased (Desor et al. 1973), which has
been interpreted to mean the newborns like the sweeter solutions more. Similarly,
both healthy term and preterm infants increase their sucking rate and sucking
intensity when sucrose is provided without any fluid intake (Maone et al. 1990).
Other evidence indicates innate appetitive responses to sweetness even predate birth
— if amniotic fluid surrounding a fetus is sweetened by injecting the nonnutritive
sweetener saccharin into the amniotic sac, the fetus will increase their swallowing
rate (De Snoo 1937).

As noted previously, affective responses to increasing concentration of a
sweetener generally exhibit an inverted U shape. Notably, children tend to prefer
higher concentrations of sucrose as compared to adults (Mennella et al. 2011;
Garneau et al. 2018), and this appears to be a true affective shift rather than a mere
cohort effect, as the same individuals show a decline in preferred concentration
as they age (Desor and Beauchamp 1987). Within parent-child dyads, children
also show greater liking for sweet foods (Vosburgh et al. 2019). There is some
evidence to suggest increased liking for higher concentrations of sucrose is related to
growth associated biomarkers (Coldwell et al. 2009), although other studies fail to
confirm this effect (Mennella et al. 2014).
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Fig. 5 Illustration of stereotypical patterns of hedonic responses: liking changes as increasing
amounts of sucrose are added to instant coffee. (Data are adapted from Lundgren et al. (1978).
See text for additional discussion)

While sweetness is innately liked, there are also a large body of work on
individual differences in affective responses to sweetness (reviewed by latridi
et al. 2019b) that dates back many decades (e.g., Pangborn 1970). Irrespective of
the differences in sensation summarized in the previous section, individuals also
show variation in their affective responses to stimuli. For sweetness, these types of
studies have typically segmented people into two to four groups. One early example
of this type of work is shown in Fig. 5 — for 30 participants in California in the 1970s,
liking generally changes as increasing amounts of sucrose are added to instant
coffee, but the patterns of responses also vary widely across groups (Lundgren
et al. 1978). Specifically, Type I responders show a monotonic decrease in liking
as more sugar is added, while Type II responders show an inverted U pattern.
Type I responders show a monotonic increase, and Type IV responders appear
indifferent to changes in sucrose, but also dislike all of the coffees. Critically, these
data directly challenge the common belief that sweetness is universally liked.
Indeed, the authors warn that individual variation needs to be accounted for in
reporting sensory data, cautioning that “group averages may be misleading or even
completely artifactual (Lundgren et al. 1978).” Regarding sweetness specifically,
a recent review identified 71 different papers that segment individuals on the basis
of hedonic responses using four major types of methods (latridi et al. 2019b).
Contemporary methods have shifted toward using hierarchical cluster analysis rather
than arbitrary groupings and typically identify three groups rather than four (Kim
et al. 2014; Garneau et al. 2018; Iatridi et al. 2019a). The specific biological basis
for differences in sweetness preferences has not been determined, but twin
studies suggest it has a heritable component (Keskitalo et al. 2007). Several reports
indicate that the phenotypic preference groups also differ in liking and intake of
sweet foods (Kim et al. 2014; Garneau et al. 2018), and these differences cannot be
attributed to simple differences in perceived intensity (Garneau et al. 2018).
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Saltiness and Sodium

Using facial reactivity data from infants, multiple studies have found that human
newborns do not provide clear affective responses to sodium chloride solutions (e.g.,
Rosenstein and Oster 1988; Zhang and Li 2006). When combined with older data
that fail to show differences in intake for salt solutions versus water for newborns
1-3.5 days old (Desor et al. 1975), these observations are classically interpreted
as indicating that responses to salty stimuli are not innate, in sharp contrast to
the clear responses seen for bitter and sweet stimuli. Instead, it is assumed that
preferences for salt depend on development, maturation, and/or learning, with
a critical change occurring around 4 months of age. Specifically, when relative
intake of salt solutions and water is compared for infants aged 2.5—6.7 months, it
appears preferences for salt develops around 4 months of age (Beauchamp and
Cowart 1985), a finding that has been replicated elsewhere (Schwartz et al. 2009).
When exclusively breast-fed infants 4—6 months old are given salted and unsalted
cereal, they eat more salted cereal (Harris et al. 1990). Similarly, when offered salted
carrots versus plain carrots, 2-year-old children put more salted carrots into their
mouths, and notably, preferences for saltiness appear to generalize, as the children
who ate more salted carrots also consumed more salted foods, as intake of salted
carrots was strongly correlated with greater intake of salted soup (Beauchamp and
Moran 1984).

However, other data challenge the view that 2- to 4-day-old infants are indifferent
to dilute salt solutions: when measures of sucking microstructure (i.e., mean sucks
per burst) are compared for salt solutions and plain water, salt is less preferred, on
average (Zinner et al. 2002). However, as noted previously, group means can be
misleading, as a substantial number of the newborns appeared to prefer the salt
solution to water, and strikingly, these preferences were related to both neonatal
blood pressure and familial history of hypertension (Zinner et al. 2002). Indeed,
newer data for infants tested at 2 and 6 months supports the existence of large
individual differences in salt preferences, even prior to the critical 4-month window
that is routinely cited (Stein et al. 2006). Looking more broadly across the lifespan, a
preference for greater saltiness, like sweetness, appears to be elevated in children,
who prefer higher salt concentrations than adults (Beauchamp and Cowart 1990);
these shifted preferences may peak in the teenage years (Leshem 2009). In adults,
adding salt to real foods like chicken soup or hash browns can increase liking (e.g.,
Hayes et al. 2010; Lucas et al. 2011), although as would be expected from Wundt,
Engel, and Pfaffmann, there can be too much of a good thing, as liking drops when
salt level exceeds some optimum (e.g., Hayes 2010; Drewnowski and Moskowitz
1985). There may also be sex differences in optimal levels of salt concentration,
although data conflict as to whether men or women prefer higher levels of salt (cf.
Hayes et al. 2010 and Leshem 2009).

When discussing salt and saltiness, it is also important to distinguish between
the robust sodium appetite seen in some animals and the absence of similar behaviors
in humans. Specifically, humans appear to consume salt for pleasure and not to
meet a physiological need for sodium. That is, we fail to show clear sodium
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hunger: unlike many animals (including nonhuman primates), we do not increase our
intake of salt when we are sodium deficient. In the words of Leshem (2009), “we will
seek salt to please our palate, but not to save our life.”

Sourness

Sourness is generally thought to be a negative taste quality (e.g., Desor et al. 1975;
Rosenstein and Oster 1988; Steiner et al. 2001). As a consequence, it has
received less attention than other taste qualities as a potential determinant of
food preferences. However, sourness is seldom experienced in isolation, and
sugar-acid balance is a major determinant of preference for a wide range of foods
and beverages. For example, when liking of seedless table grapes by adults
is modeled as a function of titratable acidity (which correlates with perceived
sourness) and percent brix (i.e., sugar content, which correlates with perceived
sweetness), liking rises with increasing sugar content and falls with increasing acid
content (Jayasena and Cameron 2008). However, the ratio of brix to acid (i.e.,
sweetness to sourness) is a substantially better predictor of liking scores than
either measure in isolation (Jayasena and Cameron 2008). Similar patterns have
also been reported for chokecherry juice (Duffy et al. 2016).

Indeed, the global popularity of Margaritas, Caipirinhas, and lemonade suggests
that sourness is not entirely negative, at least when paired with some sweetness.
Liem and Mennella (2003) examined perception of and preferences for sour
lemon-flavored gelatins in 5- to 9-year-old American children and their mothers.
They found that 35% of the children selected the gelatin with highest citric
acid concentration (i.e., the most sour sample) as being preferred, and this was not
due to inability to sense the sourness, as almost all of the children were able to
rank them from most to least sour. This aligns with data from 18-month-old
Irish infants, where 23% readily accepted a blackcurrant-flavored drink (Ribena)
with the highest levels of added citric acid; notably, fruit intake was greater in
the sour-tolerant infants (Blossfeld et al. 2007). Similarly, in 8- to 11-year-old
Dutch boys (but not girls), Liem and colleagues found that the preferred sour
to sweet ratio for an orange-flavored drink was predictive of reported fruit intake
(Liem et al. 2006). In one of the few studies on sourness preferences in adults,
participants rated increasing concentrations of citric acid in water as less liked,
regardless of age (Chauhan and Hawrysh 1988). Conversely, when presented within
the context of an apple-flavored drink, liking first increased to an optimum and then
fell as citric acid concentration increased (Chauhan and Hawrysh 1988).

Liking for Odors, Aromas, and Flavors

In direct contrast to the innate responses summarized above for prototypical
taste qualities, affective (hedonic) responses to odors and aromas are almost
exclusively learned, so no attempt will be made to systematically summarize them



7 Influence of Sensation and Liking on Eating and Drinking 145

here. For more information, the interested reader should see numerous other
works on this topic (e.g., Rozin and Vollmecke 1986; Rozin 1990; Birch 1999;
Mennella et al. 2001; Sclafani 2004; Mennella and Beauchamp 2005; Yeomans et al.
2008; Prescott 2012; Yeomans 2012; Birch and Doub 2014; Nicklaus 2016).
However, it should be noted that these effects are not entirely idiosyncratic
and unpredictable across individuals, as shared environments from shared cultural
contexts may also provide some degree of generalizability within groups
from a specific region (e.g., Pangborn et al. 1988). For example, the affective
responses to the presence of the odorant methyl anthranilate in wine appears to
vary with geography (Perry et al. 2019). Also, the genetic variability mentioned
previously can also interact with learning that may be culturally dependent. The
ability to smell the odorants androstadienone and androstenone varies with two
amino acid substitutions in the OR7D4 olfactory receptor gene (Keller et al. 2007).
Based on learned associations, some individuals describe these compounds as
smelling like urine or body odor. Thus, it is quite understandable that normal
variation in this gene can predict differential liking for cooked pork containing
these odorants (Lunde et al. 2012).

Taste-Taste Interactions and Cross-Modal Effects

People generally eat foods, rather than tastants in water or simple model systems,
and foods are perceptually complex stimuli. Even within very simple model systems
with two components, perceptual interactions between sensations can substantially
complicate attempts to predict liking (e.g., Lawless 1977). A detailed review of these
interactions is beyond the scope of this chapter (and are available elsewhere; see
Keast and Breslin 2003; Delwiche 2004). However, two key phenomena — mixture
suppression and cross-modal enhancement — will be briefly discussed here.

When two qualitatively different stimuli like bitterness and sweetness are
mixed, the perceptual intensity of each is lower in the mixture than the intensity
that would be expected had they been presented separately. This is known as mixture
suppression. One early example of this comes from Kamen, Pilgrim, Gutman,
and Kroll: they found that sweetness from sucrose reduced the bitterness from
caffeine, and a smaller suppressive effect was seen for the bitterness of caffeine on
sucrose sweetness (Kamen et al. 1961). Subsequent work not only confirmed this
effect but also showed that it was due to events in the central nervous system
(Lawless 1979; Kroeze and Bartoshuk 1985) rather than being due to some chemical
interaction in the mouth or some type of physiological interaction at the periphery.
Notably, this effect is asymmetric, as sweetness suppresses bitterness more than
bitterness suppresses sweetness (Lawless 1977; Green et al. 2010). Such effects are
not limited to model systems, as they also occur in real foods (e.g., Hayes et al. 2011;
Li et al. 2014a; Bakke et al. 2018). For example, sweetness suppresses sourness
at moderate and high concentrations (Keast et al. 2003), so it should not be
surprising that adding sucrose to overly sour chokeberry (4ronia) juice improves
liking ratings (Duffy et al. 2016).
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Taste-taste interactions are also extremely common, both in model systems and
real foods (e.g., Frank and Byram 1988; Prescott 1999; Prescott et al. 2004). For
example, in general, adding vanilla or vanillin tends to increase perceived sweetness
(Lavin and Lawless 1998) regardless of whether participants are asked to use an
analytic or synthetic strategy to assess products (cf. Wang et al. 2018, 2019),
although these effects are not always observed for all stimuli (e.g., Labbe et al.
2006a; Green et al. 2012). Other odorants also appear to enhance sweetness (Frank
et al. 1989; Stevenson et al. 1999; Labbe et al. 2006b; Bartoshuk and Klee 2013).
Taste-taste interactions have also been explored as a possible means to facilitate
sodium reduction (Lawrence et al. 2009; Nasri et al. 2011). This remains an active
area of work, so additional progress is anticipated in the coming decade.

Food Liking Is a Dynamic and Transient Phenomenon

The previous sections have generally assumed that liking for a specific food is
a static, stable phenomenon. However, this assumption is not always valid.
In 1971, the physiologist Michel Cabanac reported that when a fasted participant
was given a sucrose solution and asked to rate the pleasantness, pleasantness ratings
dropped when the sucrose solution was swallowed, whereas pleasantness ratings did
not change when the sucrose was tasted and expectorated and not swallowed
(Cabanac 1971). Indeed, reports of this phenomenon are much much older — for
example, the Christian bible notes: “He who is sated loathes honey, but to one who
is hungry everything bitter is sweet (Proverbs 27:7).” Cabanac argued this type
of shift was part of a regulatory mechanism related to the need state of the body.
However, subsequent work by Rolls and colleagues demonstrated that the drop
in liking that occurs with repeated exposure to a food within a single meal is due
to the sensory properties of the food (Rolls et al. 1981) and not nutritional or
metabolic signaling. This effect was thus termed sensory-specific satiety, although
more precisely, it should be thought of sensory-specific satiation. (Satiation occurs
during a meal and leads to termination of eating, whereas satiety refers to length of
time before hunger returns.) This effect should be familiar to anyone who
has survived an American Thanksgiving holiday (or any other large feast). After
consuming a large amount of salty savory foods, any desire to eat is gone. However,
if a sweet dessert like apple or pumpkin pie is offered, the desire to eat a sweet
food is not depressed. In a laboratory setting, this is operationalized via a precise
experimental paradigm. Moderately hungry participants are first asked to rate the
pleasantness of small samples of a battery of foods that vary in their sensory profiles
(e.g., sweet, savory, salty, etc.). They are then fed the test meal until the desire to
continue eating is gone. Pleasantness ratings are then obtained again for all the foods
in the initial battery. Thus, sensory-specific satiety is defined as the relative drop in
liking for that specific food (Rolls et al. 1981), not the mere abatement of hunger.
Critically, careful experimentation using this paradigm indicates that these effects
are specific to the sensory properties of the food, rather than metabolic signals as
Cabanac had hypothesized. For example, pudding and gelatin (jello) sweetened with
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aspartame (a low-calorie sweetener) or sucrose each cause sensory-specific satiety
(Rolls et al. 1988). Nor is this phenomenon restricted to prototypical tastes, as it
also occurs for colors and even food shapes (Rolls et al. 1982). That it occurs for
something like the shape of pasta is a strong indicator that the effect is cognitive and
not physiological in nature and is presumably unrelated to the need state of the body.
Separately, repeated exposure over multiple days can also alter liking ratings, as
monotonous diets are known to depress intake (Hetherington et al. 2000; Meiselman
et al. 2000; Zandstra et al. 2000).

Collectively, these data show that liking is not an immutable property of a food,
even for a specific individual, but rather that liking of a food is a dynamic property
that varies as a function of context and consumption frequency.

Overall Conclusions

Numerous studies over many decades suggest that greater food intake is positively
correlated with greater food liking. However, this is misleading, as merely liking a
food does not mean we will choose to eat it, even if we like it very very much.
Rather, in an environment where diverse ample food options are available, it is more
precise to say that we avoid what we dislike. This disliking is due, in part, to the
sensations from food, and these sensations can differ across people.
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Abstract

When we eat or drink, separate sensory systems carry taste, smell, irritation, and
texture signals to the brain, where these signals are packaged into a composite flavor
sensation. Each sensory system has specialized receptors that respond to a specific
stimuli that can be chemical (taste, odor, irritant) or mechanical (texture) in nature.
Variability in these sensory inputs can arise from genetics, environmental exposure,
diseases, and aging. This variability influences the separate sensory inputs and
composite flavor sensations with downstream implications for what we like and
chose to eat, such as the quality of the eating experience, and our overall health. In
some cases, sensory inputs can be altered or distorted (e.g., phantom sensations).
Simple standardized measures are available for screening, such as in-depth assess-
ment of separate sensory systems and integrated flavor sensations.

Introduction

Every time we eat or drink, we experience the flavors evoked by foods and beverages.
While our attention to food flavors varies with the eating context (e.g., savoring a
gourmet dinner vs. eating a donut on the run), these percepts arise from the integration of
multiple sensory inputs from anatomically and physiologically distinct systems. In turn,
our affective and hedonic responses to these perceptual events can drive eating behavior
(see Hayes chapter, Influence of Sensation and Liking on Eating and Drinking, in this
handbook). This chapter provides a general overview on the chemical senses — smell,
taste, and chemical touch (i.e., olfaction, gustation, and chemesthesis) — as well as oral
somatosensation. While discussions of flavor are classically centered on the chemical
senses, it is important to note that mouthfeel, texture, temperature, and astringency are
also critical to the eating experience and are perceived via somatosensory inputs. Thus,
some researchers include overall texture as part of flavor, while others may treat it
operationally as a related but separate phenomenon (see Delwiche 2003). Also, it is
important to keep in mind that even pure chemicals are not pure stimuli in terms of the
sensations they give rise to, for example, concentrated table salt can elicit both salty taste
and oral burn, while menthol can evoke cooling sensations and a minty odor.

This chapter is one of the three related chapters that explore connections between
chemosensory biology, flavor perception, affective responses, food choices, and
dietary behavior, including individual differences, and chemosensory dysfunction.
Here, the biological foundations of chemosensation and flavor perception and
assessment of their function are reviewed.

Mechanisms of Olfaction, Gustation, Chemesthesis, and Oral
Somatosensation

We smell food odors through the nostril as we breathe or sniff (orthonasal olfaction)
as well as through the mouth as we chew and manipulate substances in the mouth
(retronasal olfaction) . With a functional sense of smell and some prior experience,



8 Biological Basis and Functional Assessment of Oral Sensation 159

one can detect subtle differences in wine varieties, recognize a specific off note in a
dairy product, or identify the flavor of a gourmet jelly bean solely with the olfactory
cues. This process starts when volatile chemicals reach olfactory sensory neurons
located in the olfactory epithelium at the top of the nasal cavity. The olfactory
sensory neurons have long hair-like extensions (i.e., cilia) to increase their surface
area. Specialized receptors are expressed on these cilia. These specialized receptors
are one type of G-protein-coupled receptors (GPCRs) that are a part of a larger
superfamily of membrane proteins. In 2004, Linda Buck and Richard Axel received
the Nobel Prize in Physiology for their work on the genetic basis of olfactory
receptors and the pattern recognition system across cells (Buck and Axel 1991). In
humans, there are ~400 different olfactory receptor (OR) genes (Malnic et al. 2004),
and each of these is an uninterrupted region 1000 bases (1 kb) long. The number of
OR genes in other species is even larger, as a substantial number of the potential OR
genes in humans are nonfunctional pseudogenes, possibly due to the relaxation of
selective pressure concurrent with the evolution of color vision. By some estimates,
the OR gene family may comprise 3% of the entire human genome (Olender et al.
2008).

In humans, the OR genes have numerous common variants (polymorphisms)
(Mainland et al. 2014), leading to a potentially unique olfactory repertoire for each
individual (Behrens et al. 2018). In one study that examined 356 OR genes believed
to be functional (selected from a total of 851 different locations in the human
genome), an average of 273 were expressed in the olfactory epithelium, and of
these, only 90 were found in all participants (Verbeurgt et al. 2014). Each olfactory
sensory neuron is believed to express a single olfactory receptor (Buck 2005), and
the olfactory sensory neurons that express a specific OR are spatially distributed
across the olfactory epithelium. All the olfactory sensory neurons that express a
specific OR then project via the olfactory nerve (cranial nerve 1) to a common
glomerulus in the olfactory bulb. Thus, a single OR is finely tuned to a specific motif
on a ligand, and the aggregate pattern of activation across the glomeruli encodes the
sensation that gives rise to a specific percept.

The considerable number of receptors, coupled with this combinatorial code
across the glomeruli, implies that humans can respond to an extremely diverse
range of potential odorants. To be odor active, chemical stimuli must be of low
molecular weight, volatile, and hydrophobic and be able to bind to GPCR ORs.
Common flavors may be comprised of tens or even hundreds of different volatile
compounds. For example, one recent estimate suggests that strawberry aroma/flavor
contains 360 different volatile compounds (Yan et al. 2018). Historical attempts to
systematically determine relationships between chemical structure and perception
were further complicated by factors like chirality (i.e., molecular handedness).
For example, two otherwise chemically identical stimuli (D- and L-isomers of
carvone) have completely different percepts: the D-isomer smells like caraway,
while the L-isomer smells like spearmint (Pickenhagan 1989).

Just as smell occurs when a volatile chemical (an odorant) reaches and activates
a specialized receptor in the nose, the same general process occurs when a
soluble chemical (a tastant) reaches an activates specialized receptors in the
mouth. However, unlike smell, these receptors are found on specialized epithelia
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cells, not true neurons. These taste receptor cells (TRCs) are bundled in small grape-
like clusters called taste buds that are found in papillae on the tongue or on other oral
surfaces including the roof of the mouth and the throat. The taste buds con-
tain 50—150 cells that form a discrete ovoid structure. These cells are divided into
basal cells (from which new taste cells originate) and three types of elongated bipolar
cells (dark, intermediate, and light), which have microvilli that extend through a taste
pore into the oral environment. The microvilli contain the taste receptors. To reach
the microvilli, tastants dissolve in saliva and a mucus layer for transport to taste
receptors (individuals with diminished salivary production can show impaired taste
perception). Taste receptors for sweet, bitter, and umami/savory stimuli occur via
GPCRs, while sour and salty tastes occur via ion channels. In contrast to the GPCRs
encoded by the OR genes, there far fewer taste receptor (74S) genes: in humans, the
TAS1 family has 3 members, while the TAS2 family has 25. The T1R proteins
(receptors) encoded by the T4S1 genes form heterodimers to transduce sweet (T1R2/
T1R3) and savory (T1R1/T1R3) stimuli. The T2R proteins encoded by the 7A4S2
genes provide the ability to detect a wide range of structurally diverse chemicals that
humans describe as bitter (Behrens et al. 2018). Notably, the TAS2R receptor genes
contain polymorphisms that alter receptor functioning and explain individual differ-
ences in bitter perception (e.g., Hayes et al. 2011). Genetic variation in bitter taste
receptors translates into differences in ability to taste bitters in the diet, dietary
behaviors toward food/beverages with these bitter compounds, and diet-related
diseases associated with ingesting these foods/beverages (Tepper et al. 2014).
Despite having a single heterodimeric protein, the sweet receptor appears to have
multiple binding sites, which allows it to respond to diverse chemicals of varying
size and shape (DuBois 2016; Reyes et al. 2019). The bitter taste receptors may also
show similar complexity (Fierro et al. 2019). The ion channels responsible for
sour and salty taste are less understood, although some candidates have been
identified recently. For sourness, the OTOP1 proton-selective ion channel appears
to be involved in sour taste transduction, at least in mice (Teng et al. 2019).
Regarding saltiness, lower concentrations of salt are sensed in mice via amiloride-
sensitive epithelial sodium channels (ENaCs) (Vandenbeuch et al. 2008); however,
other amiloride-insensitive channels also play a role in salt perception (Roebber et al.
2019). Additional work is needed to determine if these mechanisms apply in
humans.

Once a taste receptor is activated, the taste receptor cell needs to transmit this
signal to a neuron to carry the signal to the central nervous system. The chorda
tympani branch of cranial nerve VII (CN VII) innervates fungiform papilla on the
tongue tip, while the glossopharyngeal nerve (cranial nerve IX; CN IX) innervates
the circumvallate and foliate papillae on the posterior side of the tongue, respec-
tively; the superior laryngeal branch of the vagus nerve (cranial nerve X; CN X)
carries taste signals from the throat (Snyder and Bartoshuk 2016). Humans show
large variation in both the number of fungiform papillae and the number of taste buds
located within these papillae (Miller and Reedy 1990). These sources of variation
may to relate to sensory abilities: some reports suggest greater numbers result
in great taste intensity although other studies fail to find this effect. Notably, the
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peripheral taste system is highly redundant: unlike olfaction, damage to a
single nerve does not result in total loss of function, emphasizing the evolutionary
importance of taste function as a gatekeeper of ingestive behavior. All three of
the cranial nerves mentioned above project to the nucleus of the solitary tract
(NST). This region also receives information from the somatosensory and the
olfactory systems. From the NST, signals travel to the ventrobasal thalamus and
then to the taste cortex, orbitofrontal cortex, amygdala, and lateral hypothalamus.

The third chemosensory system that contributes to flavor perception is
chemesthesis (i.e., chemical touch). Sometimes referred to as oral irritation or
the trigeminal sense, the term chemesthesis was coined in 1990 to describe
the panoply of sensations that arise from chemical stimuli that activate the somato-
sensory system (Green 2016). Chemesthesis includes thermal sensations like the
burn from capsaicin in chilies or the cooling from menthol but also
mechanical sensations like the buzzing from Sichuan buttons (hao jiao). For the
mouth and nose, these signals are largely carried by the trigeminal nerve (cranial
nerve V; CN V) but also the glossopharyngeal nerve (cranial nerve IX; CN IX). In
the nasal cavity, trigeminal receptors occur throughout, with the highest density
toward the posterior nasal region (Poletti et al. 2019). The practical distinction
between true smell and nasal irritation is blurred somewhat as many putative
odorants also stimulate trigeminal receptors (Filiou et al. 2015). Still, the careful
distinction between chemesthesis and oral somatosensation depends not on the
anatomy, as the same nerves are generally involved, but rather on the nature of the
stimulus (i.e., chemical vs. physical/mechanical). Thus, activation of the polymodal
TRPV1 (transient receptor potential vanilloid 1) receptor on trigeminal neurons
gives rise to hot painful burning sensations, regardless of whether the stimulus is
the capsaicin in a habanero-laced salsa or a scalding hot cup of tea. Indeed, one study
suggests a 4.9 uM capsaicin solution generates the same burning sensations as 52C
water (Kapaun and Dando 2017). Likewise, the buzzing sensation from Sichuan
buttons matches a vibrational frequency of 50 hz (Hagura et al. 2013).

Oral touch also plays a key role in the perception of foods and drinks, as
somatosensory mechanoreceptors mediate sensations like grittiness (i.e., particle
size), mouthfeel, and creaminess. Fat moving across the tongue during eating or
licking stimulates trigeminal nerve fibers within fungiform papillae to provide
sensations that are perceived as creamy or oily (Prutkin et al. 2000). Tactile acuity
on the tongue is at least as good, if not better, than on the fingertip (Miles et al. 2018),
and this leads to the ability to detect exceedingly small differences in particle sizes
within foods, on the order of a few microns (Breen et al. 2019). The structures in the
oral cavity that detect mechanosensation are similar to those found in hairless skin;
like the fingers, the oral cavity contains Merkel’s disk receptors (edge and point
detection) and Ruffini endings (stretch), as well as Meissner corpuscles (pressure and
flutter). However, it is not clear if the mouth contains Pacinian corpuscles (pressure
and vibration).

Astringency has classically been considered a chemically initiated tactile event
(Breslin et al. 1993) — that is, it is assumed drying and roughing sensations are
purely mechanical phenomena caused by increased friction following delubrication.
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Saliva contains multiple proteins that lubricate the oral cavity, and when acids or
polyphenols react with and precipitate these proteins, lubrication is lost, and the
mouth feels dry and rough (see Bajec and Pickering 2008). Indeed, those who are
less able to replenish their salivary proteins report more astringency from tannic
acid (Fleming et al. 2016). However, recent data also suggest some astringent stimuli
may also activate specifically tuned chemoreceptors (Schobel et al. 2014), which
would explain how high-fat foods like chocolate can still trigger dry and rough
sensations, despite lubricity from the fat (Fleming et al. 2016). If confirmed, these
findings would suggest astringency may be, at least in part, chemesthetic in nature,
and not merely a simple mechanical consequence of delubrication.

Integration of Olfaction, Gustation, Chemesthesis, and Oral
Somatosensation

Separate anatomical systems carry smell, taste, chemesthesis, and oral
somatosensation from the periphery to the brain for packing or sensory integration
with visual sensory input into a composite flavor sensation in the insular cortex
(Gogolla 2017) and the orbitofrontal cortex (Rolls 2015). Eating an ice cream cone
exemplifies the integration of physiologically distinct peripheral messages (Green
1984). When licking a scoop of coffee Oreo ice cream, sugar binds to the TAS1R2/
R3 dimer and depolarizes the cell. The chorda tympani nerve (CN VII) carries the
sweet signal centrally, while the trigeminal nerve carries information on coolness,
creaminess, and texture of the ice cream and added cookies. As the ice cream is
moved back through the mouth, more taste receptors are stimulated with recruitment
of branches of cranial nerves IX and X, and mechanical action releases and
pumps volatile odorants to the olfactory epithelium, where they bind to olfactory
receptors, activating a specific pattern of glomeruli that we perceive as coffee and
Oreo percepts from our prior learned experience. The visual, taste, olfactory, and
touch signals are carried to the brain on separate pathways that are integrated by the
orbitofrontal cortex into a composite flavor message and, with the amygdala and in
the anterior cingulate cortex, to produce a hedonic and reward signal, and then to
areas in the cortex for decisions about eating the ice cream (I will have more) and
hypothalamus for satiety and fullness signals (Rolls 2015).

Sensory integration occurs when we perceive foods and beverages that are
complex mixtures of stimuli for taste, smell, and touch receptors, and this process
is mostly seamless and unitary: when I sip my Coca-Cola, I think “Ah, a Coke”
without specifically noting the sweetness of the sugars, the bite of the phosphoric
acid, the tingle of the carbon dioxide, or the individual contributions of the vanilla,
cinnamon, nutmeg, and citrus aromas. Perceptual interactions occur frequently,
with different combinations of stimuli showing enhancement or suppression. For
combinations of prototypical taste stimuli, mixture suppression in the norm (e.g.,
Keast and Breslin 2003) although super-additivity (synergy) is seen for some
combinations of sweeteners (Reyes et al. 2019) or savory (umami) (Zhang et al.
2008) stimuli. For cross-modal interactions, enhancement is commonly observed, as
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taste and retronasal olfactory input work synergistically to enhance overall perceived
intensity from the oral cavity. Enhanced taste intensity (typically sweetness) in
conjunction with a congruent food odor has been repeatedly observed (Duffy et al.
2016). For example, Bartoshuk and colleagues have aimed to breed better fruits
and vegetables by enhancing the sweet volatiles to enhance the overall sweetness
without adding sugar or debittering to remove important nutrients (Bartoshuk and
Klee 2013). A similar phenomenon also is seen when adding vanilla to milk (Wang
et al. 2019) or adding sweet-smelling volatiles to highly phenolic juice from the
aronia berry (Duffy et al. 2016). However, enhancing sweetness via cross
modal interactions may not be sufficient to increase liking, if other attributes like
astringency are not reduced (e.g., Duffy et al. 2016). Increasing viscosity typically
decreases taste intensity, and this appears a perceptual, not physiochemical effect, as
the volatile concentration does not change with alteration in viscosity (Cook et al.
2003; Hollowood et al. 2002). In summary, given all the complex interactions
that can occur, attention must be paid to the overall percept of a food product to
assure it is acceptable.

There are clinical and experimental examples of altered oral sensations that
occur with changes to sensory information received from the taste-related cranial
nerves. One sudden source of taste loss occurs with severing of the chorda tympani
nerve (cranial nerve VII) during middle ear surgery, such as to remove an acoustic
neuroma (Kveton and Bartoshuk 1994). Early clinical reports showed this damage
could influence more than just taste perception. In 1965, Bull (1965) observed
two individuals with chorda tympani damage from middle ear surgery (out of
three) who complained of alterations in true taste, oral somatosensation, and
retronasal olfaction, including inability to differentiate between coffee and tea, but
also that foods, such as bread and chocolate, were “doughy” and “greasy,”
respectively.

The interactions between multiple sensory systems in the mouth can be shown
experimentally with injection of a small amount of anesthesia into the middle ear to
temporarily remove taste inputs that occur via the chorda tympani nerve (CN VII).
This anesthesia does not numb the mouth overall but only serves to remove taste
input from the anterior tongue. Anesthesia to CN VII on one side abolishes taste on
that side simultaneously increasing the intensity of taste on the other side from a
separate cranial nerve (cranial nerve IX) (Lehman et al. 1995; Yanagisawa et al.
1997). This phenomenon is thought to indicate release of inhibition. CN VII
normally dampens down input from CN IX, but when input from CN VII is lost,
this inhibition disappears, resulting in greater intensity from regions of the
mouth innervated by CN IX and phantom oral sensations. Sensory interactions
between taste and flavor is seen after modifications of taste with certain plant extracts
(i.e., Gymnema sylvestre (“gymnema”) or Synsetalum dulcificum (“miracle fruit”))
(Hudson et al. 2018).

The chemosensory system shows plasticity or the ability to generate new cells,
maturation, and programmed death. Neuroplasticity in the olfactory system, or the
ability to make new functional neurons (neurogenesis), can occur throughout
life (Brann and Firestein 2014) and is key to maintaining olfactory function
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throughout life. Extrinsic (e.g., exposure to microorganisms) and intrinsic (e.g.,
growth factors, sex hormones) factors can stimulate neurogenesis in the olfactory
system. Olfactory sensory neurons that express olfactory receptors can regenerate
across the lifespan, in contrast to sensory systems like vision and audition, which can
generally only form new synapses during critical developmental windows (Coppola
and White 2019). The ability of olfactory sensory neurons to regenerate these
connections has fueled the concept of olfactory training to stimulate plasticity in
response to damage as a means to recover the sense of smell (Hummel et al. 2018).

For taste, early experiences with diet may influence peripheral and
central development. Children born of mothers who experienced dehydration during
pregnancy due to excessive vomiting (hyperemesis gravidarum) report greater
preference for salt during infancy (Crystal and Bernstein 1998) that can persist
into adulthood (Leshem 2009). Sex hormones also appear to influence taste function.
Taste function varies across the menstrual cycle (Prutkin et al. 2000), rising to a
peak at the first trimester of pregnancy to the lowest point by the third trimester
(Duffy et al. 1998), and then declines across menopause. Hormones and neuropep-
tides (e.g., insulin, ghrelin, and cholecystokinin) that regulate metabolism also
influence taste perception and have implication for food preferences, diet behaviors,
and risk of chronic diseases (Loper et al. 2015).

Disorders of Smell, Taste, and Somatosensation

Chemosensory disorders impair quality of life and can make it difficult to maintain a
healthy diet and overall health. The reverse is also true, as many chemosensory
disorders can be prevented through healthy behaviors and improved overall health.
Indeed, population-based studies indicate that physical activity is associated with
lower risk of olfactory dysfunction (Hoffman et al. 2016; Schubert et al. 2013), and a
healthy diet consistent with public guidance such as the US Dietary Guidelines
(https://health.gov/dietaryguidelines/2015/) prevents chronic diseases and obesity
that are associated with chemosensory disorders. Further, smoking (Duffy et al.
2019) and excessive alcohol intake (Hoffman et al. 2016) each associate
with olfactory impairment. Healthy behaviors including physician-recommended
vaccinations, maintaining oral health, and healthy living environments can prevent
viral infections and exposures that are associated with chemosensory dysfunction.
Clinically, disorders of smell are far more common than taste or oral somatosen-
sory disorders. Notably, patient complaints of “taste loss” are almost always olfac-
tory in nature, as the colloquial usage “taste” (i.e., flavor) differs from its use as
narrow technical jargon. As noted previously, most individuals do not separate and
distinguish true taste from smell, chemesthesis, or oral somatosensation when a food
or beverage is consumed. Because of this understandable semantic confusion,
patients often complain of “taste loss” when the fundamental cause is a disruption
of olfaction, as this dysfunction is most apparent during eating. Olfaction is
more vulnerable than taste to loss with aging because of its anatomical structure
and because aging associates with changes in peripheral and central components.
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Olfactory information is carried only by a single nerve (cranial nerve I), while taste is
transmitted by multiple branches of three separate nerves (cranial nerves VII, IX, X).
Olfactory sensory neurons pass through fine holes in the cribriform plate at the top
of the nasal cavity. These neurons are directly exposed to environmental insults
such as toxins and infectious agents, and their connections to glomeruli in the
olfactory bulb at the base of the brain may even be severed with head trauma.
These axons may fail to regenerate, causing loss of smell, or worse yet, regrow
incorrectly, connecting to the wrong glomerulus, resulting in stimuli taking on the
wrong olfactory quality (i.e., a parosmia).

Infection or trauma can cause generalized anosmia (i.e., inability to smell).
In population-based studies, the prevalence of measured olfactory dysfunction
ranges from as low as 3.8% (Schubert et al. 2012, 2015) in the Beaver Dam
Offspring Study to 12.4% in the NHANES (Hoffman et al. 2016) and up to 19.1%
in the Skovde study (Bramerson et al. 2004). Increased rates of olfactory dysfunction
are seen in older adults (Hoffman et al. 2016; Murphy et al. 2002; Pinto et al. 2015),
males (Boesveldt et al. 2011; Doty et al. 2011; Menon et al. 2013; Pinto et al. 2015;
Roberts et al. 2016; Schubert et al. 2013), certain ethnic/racial minorities (Hoffman
et al. 2016; Pinto et al. 2015), and those with lower income/educational attainment
(Hoffman et al. 2016; Schubert et al. 2012). However, it should also be noted that
many individuals retain a good sense of smell well into their seventh or eighth
decade; rather, the prevalence of olfactory dysfunction (i.e., the number of people in
the population with some sort of dysfunction) increases with aging, due to increased
opportunity for trauma or damage from infection. That is, increasing prevalence with
aging should not be interpreted as an overall gradual decline within an individual
with aging.

Total ageusia (“taste blindness”) is rarely seen. Data from the University of
Pennsylvania Smell and Taste Center serve as compelling evidence in support of
this statement. In over 1,000 individuals presenting to this Center with “taste loss,”
less than 1% had measurable taste impairment, while 32% had severe olfactory
dysfunction (Deems et al. 1991; Pribitkin et al. 2003). The inability to distinguish
sour from salty and bitter is more common (Cruickshanks et al. 2009; Welge-Lussen
et al. 2011), although this may be a semantic labeling issue rather than a biological
deficit (McAuliffe and Meiselman 1974). Because common conditions can influence
both smell and taste function (e.g., mucus quality, viral infection, head trauma,
cognitive function), individuals can suffer from simultaneous smell, taste, and oral
sensory disorders (Walliczek-Dworschak et al. 2017).

Clinicians must use measures of self-report with functional testing to understand
and be able to treat the disorder.

Smell
Individuals suffer from diminished (hyposmia) or absent ability to perceive and

identify a few (specific anosmia) or all tested (general anosmia) odorants (Murphy
et al. 2003). Specific anosmias are largely due to genetic variation across individuals.
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For example, 6% of adults are estimated to have a specific anosmia to the musky
compounds galoxide and androstenone (Amoore 1977; Bremner et al. 2003), which
is explained by polymorphisms in the OR7D4 gene (Keller et al. 2007). These
genetic variations are widespread and involve multiple olfactory receptor genes
(Trimmer et al. 2019). Altered olfactory perception or dysosmia also exists.
Dysosmia can be the distortion of odor quality (parosmia, e.g., smelling burnt
paper instead of baby powder) or a phantom olfactory sensation with no apparent
olfactory stimulus (i.e., olfactory hallucinations, termed phantosmia) (Murphy et
al. 2003). Based on nationally representative data (NHANES 2011-2014), the
prevalence of phantosmia was estimated at 6.5% of the population (Bainbridge et
al. 2018).

As noted above, odorants reach receptors on olfactory sensory neurons via
two routes: orthonasally (via the nostrils) and retronasally (from the mouth via
the nasopharynx). Either route can be disrupted, causing olfactory dysfunction.
Prior to placing food in the mouth, we may perceive food odors through passive
breathing (i.e., orthonasally) and sniffing, which can increase perceived intensity.
Foods and beverages that are cold or contain odorants trapped in the food matrix
may provide little olfactory stimulation until they are warmed and/or released in
the mouth. Notably, odorants delivered retronasally are perceived (localized) as
occurring in the mouth, rather than the nose. This perceptual localization is attributed
to concurrent touch and taste sensations taste (Snyder and Bartoshuk 2016). Patients
report retronasal olfactory impairment with loss of taste from the anterior tongue
that is medically (Bull 1965; MacCarthy-Leventhal 1959) or experimentally (Fast et
al. 2000) induced. Conversely, individuals who have heightened taste
response report greater retronasal olfactory intensity from model foods and
beverages (Pickering et al. 2006), as the taste cortex is needed to integrate retronasal
smell into a flavor percept (Blankenship et al. 2019). Taste and touch sensations
may help to maintain the ability to perceive food flavor (and thus quality of life) even
if the sense of smell is impaired (Oleszkiewicz et al. 2019).

The olfactory epithelium has olfactory sensory neurons, supporting cells, and
basal cells. The supporting cells secrete mucus to protect against foreign agents, and
basal cells serve to generate new olfactory receptor cells. Odorants must dissolve in
mucus for them to interact with the receptors expressed by olfactory sensory
neurons; this mucus also contains odorant-binding proteins that carry and concen-
trate hydrophobic odors, as well as xenobiotic-metabolizing enzymes that transform
odorants (Heydel et al. 2013). There is genetic variation in odor-binding proteins
that is associated with variability in olfactory ability, differentiating normal
ability from hyposmia in healthy participants (Sollai et al. 2019). The metabolizing
enzymes also may clear odors from olfactory receptors to increase olfactory acuity
(Heydel et al. 2013). The size of the olfactory epithelial area varies. Individuals with
congenital anosmia (i.e., born without a sense of smell) have reduced or absent
olfactory epithelium (Moran et al. 1992). The nasal microbiome may also be key
to developing a normal olfactory epithelium. Variability in this microbiome is
associated with differences in olfactory ability in otherwise healthy individuals
(Koskinen et al. 2018).
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Taste

Individuals can also show diminished (hypogeusia) or absent (ageusia) taste percep-
tion. As noted above, total ageusia is very rare. The ability to taste with whole-mouth
stimulation is maintained despite regional loss of input from damage to individual
nerves that innervate different regions of the oral cavity (i.e., taste has redundant
wiring). Individuals can suffer from taste altered perception, which is termed
dysgeusia. Chronic dysgeusia (a persistent taste sensation) can result from a true
stimulus in the mouth (e.g., the taste of an oral infection) or when stimuli reach taste
receptors from the blood stream (e.g., persistent bitterness from some medications).
Dysgeusia can also describe phantom sensations generated by spontaneous neuronal
activity in the absence of a stimulus (analogous to phantom limb sensations) (Snyder
and Bartoshuk 2016). Such sensations are often described as being metallic. A
human metallic taste receptor has not yet been identified, but other data suggest
metallic sensations in the mouth may be oral (taste or chemesthetic) in nature and not
merely due to retronasal olfaction (Lawless et al. 2004).

Oral and Nasal Somatosensation

Oral somatosensation also can be altered. Individuals experience diminished touch
sensations (numbness) and response to chemical irritants (desensitization). Individ-
uals also perceive pain or hypersensitivity to stimuli, such as chronic smokers
reporting intense sensations from concentrated salt (Duffy et al. 2019) as well as
and oral pain syndromes (e.g., burning mouth syndrome (Imamura et al. 2019)).
Interestingly, there is a rare syndrome called empty nose syndrome where patients
perceive obstruction in their nasal passages, yet upon examination, the passages are
clear. Trigeminal impairments could be part of the cause of this syndrome (Gill et al.
2019).

Assessing Chemosensory Disorders

There are a variety of questions and psychophysical tools available to assess
chemosensory complaints, as well as screen for and fully measure taste and olfactory
functioning. If a chemosensory dysfunction is suspected, additional physical exam-
inations, including otolaryngologic, neurological, and dental evaluations, can assess
probable causes of the disorder.

Determining if the Complaint Is Sensory or Non-sensory in Origin
Because of the tight integration of multiple sensory systems in flavor perception as

well as the role of prior experience in our affective responses, individuals may
complain about the “taste” of foods for a number of reasons unrelated to
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chemosensory dysfunction. Loss of pleasure from eating and loss of appetite can
occur separately from altered sensory signals from foods and beverages. Simple
questions can help to distinguish dysfunction that is sensory in nature from other
non-sensory problems.

Self-Report of Chemosensory Disorders

Table 1 lists interview questions for assessment of chemosensory disturbances.
Self-reported health status can provide important insight to understand how
an individual evaluates and acts on symptoms as well as provides a historical
complement to a single measure of function. Some clinicians favor quantitative
assessment over self-report; however, asking about perceived changes provides
additional information about how individuals attend to their health and health-

Table 1 Questions for a patient interview on possible chemosensory complaints

What does food “taste” like to you? Can you taste salt on snack foods or from the salt shaker, the
sweetness of table sugar or honey, sourness of vinegar or lemon, and bitterness from strong
coffee?

Answers to these questions help determine if the complaint is sensory and help rule out a taste
problem

When did you notice the problem? Did the problem come on at once or do you think it was a
gradual change?
Answers to these questions help determine if the complaint is a chronic versus an acute problem

Do you associate the complaint with any other problem?

Answers to this and the proceeding question may identify if the condition is associated with events
or exposures that cause chemosensory disorders. The question could then be expanded to request a
history of specific chemosensory-related conditions

Is the problem better on some days or times than others?

Individuals with olfactory dysfunction associated with nasal/sinus disease can report smell
fluctuations. They may benefit from an otolaryngology evaluation to rule out nasal/sinus disease, a
treatable cause of olfactory disorders

Do odors smell as they should? Does, for example, peanut butter smell like peanut butter? Do you
think you could tell what you were eating if your eyes were closed?

These questions address the sense of smell, not only diminished orthonasal olfaction but also odor
distortions and retronasal perception

Do you have a persistent salty, sweet, sour, or bitter taste?

This question should help determine if the individual has a dysgeusia. The individual may not be
able to describe the quality as salty, sweet, sour, or bitter and may instead describe the quality as
something vague (e.g., “yuk” or foul). This may be an olfactory sensation related to the smell of an
infection

Are you suffering from oral pain, burning, prickling, or numbness on your tongue or in your
mouth?

These questions are designed to reveal a somatosensory disturbance associated with the “taste
complaint.” Individuals who respond positively to this question may benefit from further dental or
medical evaluation
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related behaviors. Self-report also is the only way to collect information on
phantom chemosensations or altered function such as dysgeusia, phantosmia,
and parosmia. Among those seeking treatment for chemosensory disorders,
greater nutritional risk (e.g., weight changes) is seen in those who reported the
disorder changed their interest in eating or felt that eating exacerbated the disorder
(Mattes et al. 1990).

Self-rating of sensory function requires an individual to evaluate their own
sense of well-being, rate a perceptual experience, and, in relation to aging,
compare current function to that of an earlier age. Young and older subjects are
equally unable to assess their olfactory abilities correctly, but each age group
makes a different type of error in self-assessment: young patients underestimate
their abilities, while older patients seem unaware of the deficit (White and Kurtz
2003). Discordance between self-reported and measured olfactory function may
stem from the fact that olfactory testing is rarely part of routine health assess-
ments. Individuals may notice a sudden loss (as with an insult such as head
trauma) or a problem temporarily related to the sense of smell more easily than
a gradual loss of function. Still, with dramatic changes in function, an individual
may notice the change even if it occurs gradually. Finally, some people may
neither assign value to their sense of smell nor exhibit overall health-seeking
tendencies. Therefore, they may just assume that their sense of smell is adequate
without really giving it much thought.

Standardized Survey Questions with US Nationally Representative
Data for Comparison

The National Health and Nutrition Examination Survey (NHANES) included a
chemosensory component for the first time in its 2011-2014 waves. NHANES is
a continual, cross-sectional evaluation of the nutrition and health of the USA in a
nationally representative sample (Centers for Disease Control and Prevention 2013);
the protocols and data are available for review and analysis. The NHANES
chemosensory component had a home interview with a Chemosensory Question-
naire (CSQ) that included items regarding self-reported olfactory, flavor and taste
ability, problems such as phantom smells and dysgeusia as well as symptoms,
changes notice with aging, medical treatments, and presence of related risk factors
for chemosensory dysfunction that is available online (CDC 2013). These questions
were content-validated by experts in chemosensation and tested to ensure consis-
tency in participant understanding, processing, and interpretation (Hoffman et al.
2016). Combining items into an alteration score can increase the ability to detect
normal function and dysfunction (i.e., specificity and sensitivity, respectively)
(Hoffman et al. 2016; Rawal et al. 2014), although many people do not notice milder
dysfunction (e.g., hyposmia). For example, only about 1/3 of smokers self-reported
olfactory alteration despite having evidence of hyposmia upon examination (Duffy
et al. 2019). Poorer sensitivity is expected of conditions, such as olfactory dysfunc-
tion, which are rarely measured (Oksanen et al. 2010).
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Assessing the Complaint of Dysgeusia

Individuals who experience dysgeusia find it highly disturbing, and it can be difficult
to diagnosis correctly. Unfortunately, much of the medical literature confuses taste
and flavor, particularly in the cancer literature (Boltong et al. 2011), without accu-
rately reporting dysgeusia. In practice, clinicians can use a combination of questions
and testing methods to diagnose the origins of dysgeusia, as described elsewhere
(Bartoshuk et al. 2005). First, determine if the patient has a persistent taste (salty,
sweet, sour, bitter, etc.). Does gently swishing the mouth with water and expecto-
rating or eating diminish the dysgeusia? If so, the source may be a stimulus in the
mouth (e.g., infection, medication). Alternatively, a physician or dentist can apply a
topical anesthesia to test the effect on the dysgeusia. If a topical anesthetic abolishes
the persistent taste, then it may be due to a stimulus in the mouth. Addressing the
source of the taste or changing the medication may alleviate the dysgeusia. If the
sensation is not changed by rinsing or with a topical anesthetic, it may be a centrally
mediated phantom sensation. There is evidence that dysgeusias and phantom oral
pains may respond to stimulating taste, with a mild irritant, lozenge, or eating
(Bartoshuk et al. 2005) or pharmacologically with low doses of clonazepam
(Heckmann et al. 2012). The rationale for this treatment is that the oral pain is
centrally mediated and possibly controlled by the trigeminal nucleus of the medulla.
Taste appears to inhibit oral pain through gamma-aminobutyric acid (GABA), an
inhibitory neurotransmitter. Clonazepam, a GABA receptor agonist, intensifies the
inhibition normally provided by GABA and thus can suppress the oral pain and taste
phantoms. An individual who has intensification of a dysgeusia from a topical
anesthetic should have further medical and dental evaluation.

Rapid Assessment of Screening for Taste and Olfactory Function

The sense of taste is the easiest to test with stimuli readily available food stimuli
(table sugar, salt, white vinegar for sour, and instant coffee crystals or Angostura
Bitters for bitter). Please see the NHANES chemosensory protocol manual for a
standardized script (Centers for Disease Control and Prevention 2013). Patients who
report a taste intensity below “weak” probably have taste damage.

Smell should be screened via both orthonasal and retronasal routes (i.e., via the
nostrils and via the mouth, respectively). The simplest assessment is to use an
identification task and add on an intensity measure as well. One odor identification
test that uses common stimuli you can obtain at a typical grocery store is the
Connecticut Chemosensory Clinical Research Center Test (Cain et al. 1988). This
low-cost screening test uses baby powder, chocolate, cinnamon, coffee, mothballs,
peanut butter, and Ivory®™ soap, as well as Vicks VapoSteam®, as a trigeminal probe.
The stimuli should be visually concealed from participants: putting the stimulus in a
jar and covering with cotton gauze or cotton rounds or cotton balls work well. The
stimuli should be refreshed weekly. Unseal the jar right before testing and hold under
the participant’s nose. Using a word bank, have the participant identify the odors; the
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word bank should include the 8 stimuli and 8 other distractor items, for a total of 16
choices (Cain et al. 1988). Because odor identification tasks measure both sensory
function and cognitive ability (Lehrner et al. 1999), provide correct feedback, and
present misidentified items a second time to minimize cognitive effects. If a partic-
ipant misses four out of the seven non-trigeminal odors (even after giving correct
feedback and presenting missed items a second time), they have probable hyposmia
and should be referred for more in-depth evaluation by an otolaryngologist. If the
stimuli for the olfactory testing are kept fresh, an intensity task can be added to the
identification task with very minimal additional time. After the participant smells the
odor, first ask an intensity judgment on the gLMS (Fig. 1), and then ask for the odor
identification. Again, after excluding the trigeminal control (Vicks VapoSteam),
participants who report more than half of the odor stimuli as less than moderate in
intensity likely have depressed olfactory function. Commercially produced screen-
ing kits are also available, as a scratch-and-sniff (Brief Smell Identification Test) or
capped markers (Sniffin’ Sticks). The scratch-and-sniff version also comes in 2, 4-
odor packets (Pocket Smell Test), and results can be compared with US nationally
representative NHANES data (Centers for Disease Control and Prevention 2013).
To test retronasal olfaction, orally sampled jelly beans work well, and gourmet
jelly beans work especially well, as their flavors can be highly distinctive. To
distinguish taste from retronasal olfaction, have the participant pinch their nostrils,
and then have them put the jelly bean into the mouth and chew fully. Then, have the
participant unplug the nose. Plugging the nose allows only the taste and
chemesthetic input (for jelly beans, this will be primarily sweetness and sourness
unless cinnamon- or chili-flavored jelly beans are used). Opening the nostrils at
the end of chewing should cause a rapid retronasal transport of odorants to the
olfactory epithelium. Typically, this causes an “aha” moment. If the participant does
not notice a stark difference between the plugged and unplugged nose, this suggests
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they have impaired retronasal olfaction. If more precision is required, have the
participant judge the intensity of the sweetness of the jelly bean with the nose
plugged on the gLMS (Fig. 1) and then the jelly bean sweetness and flavor with
the nose unplugged. A rating below “moderate” that does not increase in perceived
sweetness would suggest depressed retronasal olfaction. For screening, we have
used chocolate, coffee, and cherry jelly bean flavors, as well as Tabasco®-flavored
jelly beans, as a trigeminal probe (Hubert et al. 2019). Jelly beans also can be used in
an identification task. Select the jelly bean flavors that might be most familiar to your
participants, and set up a word bank that includes the correct labels and an equal
number of distractors. Be sure to give feedback and retest missed items to maximize
olfactory effects and minimize cognitive effects. Misidentification of more than half
of the jelly beans probably would constitute olfactory impairment.

Measuring Taste and Olfactory Functioning

Thresholds provide a measure of sensitivity but critically may or may not reflect the
ability to perceive stimuli at concentrations relevant to eating, at least for taste
(Pangborn and Pecore 1982; Webb et al. 2015). The food and beverage world is
one of suprathreshold sensation, rarely tapping sensations close to threshold (except
perhaps when chemosensation is used to detect faint off flavors or spoilage).
Conversely, suprathreshold tasks measure perception of ecologically relevant stimuli
and include perceived intensity measures and identification tasks. For olfaction,
threshold versus suprathreshold tests may help in the diagnosis of disorders that
impair peripheral olfactory function (e.g., chronic rhinosinusitis) versus those that
impair central odor processing and memory (e.g., Alzheimer’s disease) (Wu et al.
2018). Discrimination testing also may help track improvement in olfactory function
related to peripheral olfactory disease (Wu et al. 2018). This is a nonverbal test
where the participant smells a reference odor and then needs to match that reference
odor out of four additional odor probes.

Measures of perceived intensity are preferred for the assessment of taste and can
be useful in the assessment of olfaction if the testing stimuli are assured for quality
and freshness. Identification tasks are not useful for the sense of taste as there is only
four or five qualities and there is common confusion between sour and bitter
(McAuliffe and Meiselman 1974). The perceived intensity method must (1) allow
subjects to express the full range of their sensations (reducing ceiling effects); (2)
avoid the use of a standard to assign a particular value or the limits of the scale; (3)
use a scale that allows for ratio comparison of relative intensities within individuals;
and (4) provide a valid way to compare perceived intensity across subjects
(Bartoshuk et al. 2006; Hayes et al. 2013). The gLMS measure described above
with standardized instructions and practice with non-taste or smell stimuli meets
these four criteria. For identification tasks, the method must attempt to separate
sensory influences from cognitive influences. Chemosensory tasks that utilize foods
and beverages may have the most application in the exploration of the relationship
between chemosensation and nutrition.
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Comprehensive olfactory testing generally requires both threshold and
identification tasks, including some measure of retronasal ability. Commercial
odor identification tests are available, including The University of Pennsylvania
Smell Identification Test (UPSIT) (Doty et al. 1984) and Sniffin’ Sticks (Rumeau
et al. 2016). Olfactometers also are available — these devices standardize the air
flow, concentration, timing of when the odor is delivered and for how long, and
when it is shut off. Research grade olfactometers have a high level of precision but
are quite expensive; less expensive olfactometers that provide a reasonable level
of stimulus control are also commercially available. Inclusion of an intensity
judgment task extends the utility of the odor identification tests described
above. The Sniffin’ Sticks also comes with threshold modules of either n-butanol,
which has a trigeminal component, or 2-phenylethanol, which is a floral odor and
has no trigeminal component. The UPSIT is a commercially available test of
olfactory functioning (www.sensonics.com). This test includes 40 “scratch-and-
sniff” odors and a multiple-choice format; a brief 12-item test is also available.
Normative data for these tests determine the level of olfactory functioning (i.e.,
anosmia, hyposmia) according to age range and sex. These tests are also available
for different cultural groups. Individuals with evidence of olfactory dysfunction
should be evaluated by an otolaryngologist based on medical history, the exam-
ination with nasal endoscopy, full olfactory testing, and imaging (CT scan, MRI,
and EEG) (Boesveldt et al. 2017).

Taste tests are designed to assess dysfunction but also can test the wide range of
normal ability, including those who experience “pastel” oral sensations (also referred
to as nontasters) versus those who experience “neon” oral sensation (also referred to
as supertasters). Thresholds for a particular compound may be useful to test a
mechanism of taste receptor binding or in sensory analysis to assess for off-tastes.
Taste thresholds are difficult to measure, requiring precise control of the stimulus
and the non-stimulus for non-taste attributes (e.g., temperature), and are slow and
labor-intensive. Perceived intensity measures, particularly that probe the cranial
nerves that innervated taste, offer a useful measure of taste function as initially
described by Bartoshuk et al. (1994) for full testing of cranial nerves VII, IX, and X
and updated with improved intensity scaling in the National Institutes of Health
Toolbox (Coldwell et al. 2013) and procedurally in the NHANES protocol. In the
full spatial taste testing protocol, the researcher draws cotton swabs soaked in taste
solutions (sweet (1 M sucrose), salty (1 M sodium chloride), sour (32 mM citric
acid), and bitter (1 mM quinine hydrochloride)) unilaterally across different areas of
taste nerve innervation before a measure of intensity with whole-mouth stimulation
(Sipiora et al. 2000). The NHANES protocol is a briefer measure of taste function: it
only includes the salt and bitter probes with bilateral stimulation of the tongue tip
and the whole mouth. Participants report the intensity of the taste on the gLMS and
the quality. Adding in a water probe may be able to provide additional information
on dysgeusia if the participant reports a taste from the water applied to areas of taste
nerve innervation. A brief test of the ability to taste the bitterness or propylthiouracil
(PROP) can be added to the spatial taste test as a screening for the most common
genetic variation in taste (Hubert et al. 2019) that has been associated with diet and
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health outcomes (Tepper et al. 2017). For further discussion of different functional
measures of taste, see (Webb et al. 2015).

Biological Measures of Smell, Taste, and Somatosensation

These measures rely less on psychophysical testing and instead on the electro-
physical measures of brain potentials, magnetic responses, and changes in blood
flow in response to chemical stimuli. Olfactory event-related potentials (OERP)
involve providing an odorant and asking the participant to respond to the stimulus
while minimizing other visual, somatosensory, or auditory sensory inputs. The
OERP provides information on the length of time it takes to show significant
changes in neural electrical response to the odor (i.e., latency) and the magnitude
of neural response (i.e., amplitude). However, interpreting the OERP is challenged
by differentiating signals from noise via complex data analyses. Comparison of
individuals with normal smell versus anosmia in an automated OERP correctly
identified 75% of anosmics (Guducu et al. 2019), suggesting additional refinement
would be required before clinical use is indicated.

Electrogustometry is frequently used in research and practice, but it only mea-
sures taste thresholds, which, as noted above, have limited utility in relation to eating
behavior. The method usually involves localized testing by applying a mild electrical
current to the surface of the tongue. However, the stimulation also captures multiple
qualities of taste as well as irritation. Thus, electrogustometry may be somewhat
misnamed in that it may not detect taste damage but can determine the integrity of
cranial nerve VII (Snyder and Bartoshuk 2016). Electrophysical recording from the
tongue also has been reported for assessing the ability to taste the bitter stimulus
propylthiouracil (Sollai et al. 2017). This method involves placing silver electrodes
on the dorsal and ventral surface of the tongue and analyzing bioelectrical potential
variations for peripheral taste responses. Assessing fungiform papillae density on the
tongue tip or taste buds within these papillae is difficult and requires magnification
and a contrast agent. Even with an operating microscope, 10x magnification, blue
food coloring, and the ability to video record the images for in-depth reviewing, it is
challenging to identify fungiform papilla from filiform papilla (non-taste) because of
their varying shapes and sizes (Miller and Reedy 1990). Assessing taste bud number
requires 40x magnification of a few papillae and looking for shadows indicating
taste pores on slow-motion replay. Confocal laser scanning microscopy is a newer
technique that can examine singular papilla or area on the tongue over time with
more accuracy (Saito et al. 2017).

Conclusion

Taste, smell, and oral somatosensation contribute to food enjoyment and nutritional
health by receiving sensory input from foods and beverages. A significant amount of
research has advanced our knowledge of the basic mechanisms of chemosensory
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perception from stimulus receptor binding, transduction, nerve transmission, and
central nervous packaging into an integrated perceptual experience. Directed
questioning, psychophysical testing, and biological assessment identify normal
variation in chemosensory function and alterations associated with genetic differ-
ences, development, and exposures as well as diseases across the lifespan. Most
common is alteration of olfactory perception and changes to olfactory component of
food flavor. Poorly oral health may further increase the risk of olfactory dysfunction
by reducing retronasal processing of olfactory food flavor. Loss of true taste as
perceived with the whole mouth is rare because of the tremendous redundancy in
cranial nerves that carry taste sensations from the periphery to the brain. However,
recent evidence shows that localized loss of taste from individual areas innervated by
cranial nerves can alter oral sensations from foods and beverages and change food
preferences and patterns of food intake. Localized losses of taste, if extreme enough,
can result in dysgeusia and oral pain syndromes that impair the quality of life and the
ability to obtain oral nourishment. Individuals who complain of olfactory loss and
oral sensory disturbances or complain that eating is not enjoyable deserve a thorough
assessment. Chemosensory disorders can improve if the underlying cause is treat-
able, such as through the modification of medications or alleviation of the underlying
condition (see » Chap. 61, “Causes of Smell, Taste, and Oral Somatosensory
Disorders Affecting Eating and Drinking” by Duffy in this handbook). Cross-
disciplinary opportunities exist across the food, nutrition, and health spheres to
personalize eating recommendations matched with chemosensory variation to sup-
port healthy eating and the quality of the eating experiences.
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Abstract

Throughout our lives we develop a system that helps us navigate in a food
environment. In a routine where we are constantly thinking about food and
making choices, ranging from whether we actually want to eat, through selection
of food category and portion size, to eventual consumption, it is worth highlight-
ing that many of those microdecisions are made without full awareness. Focusing
on the situations of having to make a choice among foods, we would mainly rely
on two sources of information: that of the product’s intrinsic properties, and the
additional information we get about it simultaneously (e.g., recommendations, or
packaging information). However, most probably we have already consumed a
similar product previously. Therefore, our brain will simulate the likely impact
(hedonic and utilitarian) the product will have on us and, after experiencing it
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(moment of truth), will determine whether it is congruent with the image or
schema we had about it, and if not, to some extent, it will accommodate, and
that image will be adjusted. Now, certain products inherently trigger predomi-
nantly certain types of simulations (e.g., a cake triggers simulations related more
to short-term effects and fruit more longer-term effects), which depending on our
own goals will result in certain behavior. This chapter will discuss the process of
mentally simulating and anticipating different stages of food consumption and
will provide novel evidence on the effect this has when used as a strategy to steer
food choices in a desirable way.

Introduction

As one can imagine, the psychology of food choice is not straightforward, and entire
volumes could be written on each of the multiple aspects that intervene on the
decisions that people make about food. One of the reasons why there are nearly
endless intervening factors is precisely that we are almost constantly making deci-
sions about food throughout our day. Of course upon entering in a food outlet (e.g., a
supermarket, a shop at the train station), consumers have a predefined idea of what
they are going to take home (or consume on their way). But realistically speaking,
going in and out is quite utopic; in many cases we inevitably spend additional time
comparing certain options within a food category, “oh now it also comes in this
flavor,” “this one will give me the energy I need,” or “this looks just too good.”
Naturally these quotes stay in the back of our mind, most likely while we are placing
already some products in our shopping bag. These “go” decisions are based on the
assumption that the product will fulfill the expectations raised by the packaging or by
its exteroceptive cues, or, if it is a product that we are already used to, that it will still
meet our utilitarian and hedonic standards (that we have stored in memory). In this
sense, we will anticipate the effect that the product will have on us by quickly
creating mental simulations about the product. There will be a moment of truth in
which we will actually consume the product, and we will adopt it (or continue
adopting it) if the expectations regarding the experiential attributes are satisfied.
Particularly, this chapter will discuss the triggers of mental simulations about the
sensory/consummatory but also of the outcome/consequential characteristics of the
product and how these two types of characteristics influence subsequent food choice.

Anticipation and Mental Simulation

When faced with a choice of food products, either for immediate or later consump-
tion, our brain anticipates the likely impact that the products will have on us. We will
automatically mentally simulate the sensory pleasure we will obtain from the
product but also the consequences of having consumed it. These mental representa-
tions will be based on the verbal or pictorial information available or the appearance
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of the product itself, and of course depending on the product, on olfactory and tactile
input as well. Needless to say, the more familiar we are with the products, the clearer
those representations will be because we will already have that sensory information
stored in our memory from past experiences. Then our choices will be largely
determined by those memories.

Most of the literature on anticipation is based on the anticipated pleasure (so, on
the consummatory dimension). The reason is that it is assumed that pleasure, or
liking, is the primary reason why people make a particular food (and portion) choice.
That is, they would buy a product, sometimes in a large amount to be able to
consume it in several days, with the idea that they will like it until the end of
consumption. Note, however, that it has been demonstrated that people are quite
bad at estimating predicted liking over time (Kahneman and Snell 1992; Rozin et al.
2006). Another major influence of food choice relates to the post-consumption
consequences, which one may imagine once that, or a related product, has been
consumed before. One can imagine the short-term post-ingestional effects of a food
and/or the longer-term effects (what in other terms is referred to as “health” effect).

Food products have specific characteristics that make them appealing or desirable
to consumers. Some products are more appealing for their long-term benefits, whereas
others are commonly known to deliver direct gratification or a short-term benefit.
Consumers can infer these based on the intrinsic properties of foods and/or on how the
product is being promoted (e.g., the labelling provided). We could therefore say that
products are usually more dominant in one aspect or the other and that the dominant
aspect would trigger either stronger sensory-hedonic or more consequential-utilitarian
mental representations. Apart from the product’s properties, what is salient also
depends on the eye of the consumer and the focus they have in mind. However,
before delving into these aspects, let’s define first what mental simulation is.

Mental representations can be characterized as images or can be embodied as a
complete experience, including body sensations, feelings, and images. From a
grounded cognition perspective, this imagination process is referred to as mental
simulation, which allows us to recreate previous experiences that deepen our inner-
most self through perceptual, motor, and introspective states (Barsalou 2008).
Additionally, mental simulation is multimodal and creates the experience of “being
there” (Barsalou 2005; Kappes and Morewedge 2016); it can even activate the
gustatory and olfactory cortices in the brain (Spence 2016). Moreover, imagining a
favorite food (memory of food) may be more crucial in activating reward-seeking
behavior than actual food. In the next sections, I will elaborate on these two types of
anticipation regarding these food-specific benefits. Next, I will discuss novel strat-
egies to possibly shift the mindset of consumers toward hedonic/short-term benefits
or more utilitarian/longer-term benefits of foods to influence food choice.

Hedonic Anticipation

In a given context, what determines pleasure or the hedonic aspects of food is mainly
its sensory properties (surely there are other factors, like environmental and social
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ones, but these are covered in other chapters of this volume). Surely before con-
suming something, we can already fantasize about the likely taste, aroma, texture,
and sounds (overall flavor perception). Some product categories are inherently
highly effective in evoking sensory imagery (bakery products, chocolate, etc.) in
general and are commonly known to deliver direct gratification or a short-term
benefit even before consumption. In fact, fantasizing about, or mentally simulating,
appetizing food may activate the reward areas of the brain and provoke a strong
motivational response such as increased desire for that food (Pelchat et al. 2004).

The Effect of Hedonic Mental Simulation on Food Choice and Portion
Size Selection

Research has been consistent on the effects of mental simulations. However, at the
outset it is worth highlighting that the strategies used by researchers to evoke mental
simulations greatly vary among the studies. In some studies participants have to
visualize appetizing food (well, considered appetizing for most people) directly or as
part of a cover task, and in others the instructions are more explicit and ask
participants to imagine the consumption thereof. Across studies, it has been shown
that the appetizing foods induce salivation (Keesman et al. 2016) and trigger food
cravings (Kemps and Tiggemann 2013; Schumacher et al. 2017). These findings are
supported by the Elaborated Intrusion Theory of Human Motivation (EI Theory)
which posits that thinking about a food increases desire for that food, as measured by
means of motivation-related questions or tasks (May et al. 2015).

Some findings also point at mental simulation being an effective strategy to
control food intake, potentially helping people make healthier choices. For example,
Larson et al. (2014) conducted two experiments showing that repeated evaluations of
food pictures led to lower consumption enjoyment on other foods sharing a sensory
aspect (which is related to sensory-specific satiety). In Experiment 1, participants
found eating peanuts less enjoyable after rating the attractiveness of pictures of salty
foods versus rating pictures of sweet foods. In a second experiment, they replicated
this finding when once again participants had to rate attractiveness or had to choose
between two foods, but not when the task was unrelated to the taste characteristics of
the food (e.g., rating the brightness of the images). The authors argue that simply
exposing one to pictures of food is not enough to decrease enjoyment, presumably
because it does not trigger the sensory simulations. It could also be that when people
evaluated food pictures based on something completely unrelated to consumption in
general, then goals related to consumption were also not activated. Perhaps judging
them based on healthiness, for instance, would also trigger consumption-related
thoughts and also impact a consumption-related variable, like enjoyment in this case.

Regarding amount consumed, the number of times people engage in imagining
consuming a food is also important. Morewedge et al. (2010), for instance, asked
participants to repeat the imagination of consumption of M&Ms 30 or three times
and showed that imagining eating M&Ms 30 times resulted in a smaller amount of
subsequently eaten M&Ms than in the latter case. Engaging in such a large number
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of repetitions requires time and a very high level of motivation and self-control, and
it is conceivable that the difficulty of the task might cause reduced compliance and
thus be a threat to the intervention’s objective. Indeed, previous research showed that
the availability of self-regulatory resources is necessary for the reduction in food
intake induced by repeated imagined consumption to occur (see also Missbach et al.
2014, Study 2). Haasova et al. (2016) asked participants to imagine eating chocolate
pudding 15 or 3 consecutive times. Results showed that participants who imagined
eating the chocolate pudding 15 times ate more of the pudding than those who
imagined consuming it 3 times. Taken together, the results of these studies suggest
that there is an inverted U shape relationship between repetitions of imagined
consumption of a particular food and the amount subsequently consumed. Other
researchers have been working on reducing the “portion size effect” (Petit et al.
2017) and the portion size choice (Cornil and Chandon 2016; Petit et al. 2016). In a
series of studies, Cornil and Chandon (2016) investigated the effect of multisensory
imagery on portion size choice. Participants in their study were asked to imagine
vividly the taste, smell, and texture of three hedonic foods before choosing a portion
size of another hedonic food. The sensory imagery made non-dieters opt for smaller
portions due to an increased expected enjoyment for a food (chocolate cake) but
backfired dieters, who felt tempted to choose larger portions. In the case of health
imagery, people saw the same three hedonic food pictures, but they were asked to
imagine the negative impact of these foods on their health and body. No effects were
found in expected eating enjoyment nor in actual enjoyment, but all participants
chose smaller portions, and the effect was marginally stronger among non-dieters.

Although research in the food domain refers to an imagined food consumption
experience as multisensory imagery (Cornil and Chandon 2016; Lacey and Lawson
2013), consumption imagery (Petrova and Cialdini 2005), sensory simulation
(Larson et al. 2014), or eating simulations (Papies 2013), these seem to capture
only one of two distinct types of mental simulation, known as “process” simulation
(Taylor et al. 1998). Process simulation evokes the act of using or consuming the
product, and for foods, this includes, for instance, the flavor of food, the sensations
while eating, and also an affective component, which can vary from positive to
negative. It should also be noticed that most of these cited studies have used high
calorie, hence indulgent, food as stimuli (e.g., cakes, sweets, fries). Therefore the
effects of imagining the consummatory aspects of eating a less indulgent product are
not well known, but I will describe some recent findings on this in the following
sections.

Utilitarian Anticipation

As mentioned above, individuals can also mentally simulate the functional and
emotional consequences (e.g., recreating the satiation feeling and also the guilt or
satisfaction) of having consumed a product, before even choosing it. In this case this
mental simulation is called “outcome” simulation, and one could argue that it
happens spontaneously more often (and in a more dominant way) in products that
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are categorised as being “healthy.” Compared to the process simulation described
above, it has received relatively little attention in the literature (though see Zhao et al.
2011). Yet there is plenty of research, albeit not referring explicitly to mental
simulations, which touch upon this topic when discussing the effect of, for instance,
calorie-related labels or visual volume of a product on satiation and satiety. For
example, Yeomans et al. (2014) manipulated the “actual” and “perceived”” amount of
soup that the participants consumed. Before lunch, half the participants were shown
300 ml of soup, and half were shown 500 ml. During lunch, half of each group
consumed 300 ml and the other half 500 ml, inversely. Immediately after lunch, self-
reported hunger decreased as expected, and the differences observed were related to
the portion of soup actually eaten. However, 2 and 3 h after the meal, the partici-
pants’ hunger was determined by the portion of soup they had been shown before
lunch. After 24 h, the expected satiation delivered by a 400 ml bowl of soup was
significantly higher for those who had previously seen 500 ml of soup, regardless of
the amount actually consumed. This seems to confirm that the memory of recent
eating can influence subsequent expected satiation assessments through the partic-
ipants mentally simulating the effects of the visually displayed amount of soup (see
also Higgs 2002, 2008, for additional evidence on the effect of memory on subse-
quent intake). That said, and emphasizing the point above, in most of these studies,
there are no explicit instructions to imagine the consequences of consuming the
products.

Process and Outcome Mental of Simulation and Food Choice

Most studies described so far on the impact of (mainly) process simulation have
focused on enjoyment of consuming a given portion or on consumption amount
(portion), or selection thereof, as dependent variables. However, as mentioned in the
introduction, we normally also make decisions on what to select, for instance, in a
restaurant for dessert or at a train station as a snack. Many people, mostly us who
have a “sweet tooth” (or salty or fatty, for that matter!), would give in to temptation
and go for the most indulgent (vice) option. This is because we naturally tend to
prioritize short-term goals, which provide immediate gratification (i.e., eating the
mouth-watering snack) and delay long-term goals (i.e., dieting to achieve a fit body
and health). Since long-term goals are further in the future, consumers are often
faced with the dilemma of whether to eat or not to eat the mouth-watering snack or to
choose a healthier (virtue) option. The dilemma in consumers’ mind can be seen as
the conflict between a long-term goal and a short-term goal.

Process and outcome simulation types may be associated with temporal patterns
of activation (Trope and Liberman 2003), that is, activation of short-term and
concrete (process simulation) versus long-term and abstract goals (outcome simula-
tion). The activation of these two constructs in a food consumption event could shift
the balance from more concrete and short-term goals toward an activation of abstract
and long-term goals and vice versa.
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One way to possibly shift the balance between short-term goals and long-term
goals is to use people’s imagination. In a recent study, imagining the eating con-
sumption itself and imagining the benefits/consequences of consuming the food were
differentiated (Mufioz-Vilches et al. 2019). The interest lied in investigating the effect
of instructed process versus outcome mental simulation on food choice and how such
effects differ between vice (“high-calorie”) and virtue (“low-calorie”) products.
Moreover, we also looked at the moderating effect of the chronic orientation of
people toward short or long-term consequences (i.e., level of health orientation).

For this purpose, the study followed a 3 (simulation type: control, process, and
outcome) X 2 (product type — vice, virtue) within-subjects experimental design. The
two products (crisps and a green smoothie, which were similarly liked) were
presented to the participants as unbranded pictures. During the first session, all
participants engaged in the control condition (i.e., no mental simulation) to provide
baseline measures for both the vice and the virtue products. After they attended the
first session, participants were randomly assigned to the process simulation or the
outcome simulation condition. Once they had finished the second session, they were
contacted again and scheduled for the third and last session. All the participants
completed it within one week and had to complete the task roughly at the same time
for all sessions.

To manipulate the type of mental simulation, specific instructions for process and
outcome simulation were created ensuring that everyone thought of cognitive and
affective aspects during both simulation sessions. In the context of food, Xie et al.
(2016) proposed, based on the theory of grounded cognition (Barsalou 2008), that
process simulation/outcome simulation of the food consumption experience includes
sensory perceptions such as taste/aftertaste, motor states of chewing/feeling full, and
introspection as enjoyment/satisfactory and energy levels. After the simulation,
participants had to indicate how much they would want to eat the product they
imagined at that moment, and finally they were given the choice between a green
smoothie, a packet of crisps, or none.

The results of this first study showed that imagining the consumption of the vice
product and the post-consumption of the virtue product increased the rate of wanting
for that corresponding product; the same pattern was found for the choice but only
for outcome simulation. In other words, when people had to image consuming the
crisps or having had consumed the green smoothie, their wanting for these products
increased, and in outcome simulation, it led to an increased choice for the virtue
product. However, when the products and the mental simulations were less
“matching,” these effects were diminished. A possible explanation is that the
perceived likelihood of the consumption event increased due to simulation heuristic,
which is the ease in which people generated a mental script of the consumption event
(Kahneman and Tversky 1982; Tversky and Kahneman 1973). When people were
asked to simulate the consumption experience for a vice product, the accessibility of
features related with the experience (such as sensory attributes, enjoyment of eating)
would have been more salient and easier to imagine; the same outcome would be
expected when imagining the consequences of having consumed a virtue food,
resulting in a positive motivational reaction.
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Impact of Health Orientation

The extent to which people are more or less health-oriented could also have a
moderating role on wanting and choice. It would be plausible that people with a
stronger goal, or more determined, to keep a healthier diet would be more resistant to
change their wanting level and choice for a product. In Mufioz-Vilches et al. 2019,
this hypothesis was only partially confirmed since health orientation (as measured
with the Food Choice Questionnaire; Steptoe et al. 1995) moderated only when
simulation and product type did not share the same dimensions (so when they had to
imagine the consequence of a vice product and the consumption of the virtue
product). Those less health-oriented people decreased their desire for the vice
product possibly because the imagined consequences reminded them of a health
goal. In a teleological system, behavior adjusts according to the revaluation of the
goal that is triggered, either by an alteration in the state of motivation or because new
knowledge is acquired (Dickinson 1985). It is likely that outcome simulation made
the health goal more salient, permitted a revaluation of goals, and led this low health
segment of people toward a behavior more compatible with their new goal, which
led them to choose the virtue product. In other words, mental simulation could have
activated and changed the initial goal of people. Research in goal prime showed that,
indeed, goal primes increase attention for goal-congruent items and the likelihood of
choosing them (van der Laan et al. 2017). Therefore, outcome simulation could have
primed low health-oriented people with a healthier goal, which increased attention
for the goal-congruent features (utilitarian) and led people to opt for the virtue and
healthier product.

On the other hand, we hypothesized that high health-oriented people would be
less likely to change wanting and choice, regardless of the product and the simula-
tion they performed. However, although this group remained quite constant in their
preferences (the virtue over the vice product) in both simulations, the wanting for the
vice product was not constant, and indeed, they increased desire for that food equally
in outcome and process simulations compared to the control condition. This result
suggests that higher health-oriented people have a high self-control resource, since
they get tempted with the vice product but they do not choose it over the virtue
option. The relative importance of hedonic versus utilitarian product attributes
changes across consumers, and, as one would expect, the importance of healthful-
ness is much higher among the health-conscious segments than other segments
(Maehle et al. 2015). In the case of the virtue product, even though the results
mirrored the ones of the vice product, they were not as pronounced. In this product,
health orientation did not moderate when process and outcome simulations were
compared to the control.

Role of the Valence of the Mental Simulation (Imagined Experience)

So far, in this chapter I have discussed variables like wanting or desire and choice,
but the experience of the consequences of past eating can significantly impact
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subsequent intake or enjoyment of foods since the integration of internal and
external signals that influence food intake relies on memory systems (Booth
1992). More specifically, it seems that the valence of the remembered experience
is what determines subsequent behavior and/or enjoyment. For example, Robinson
and colleagues showed that how we recall food enjoyment can influence subsequent
enjoyment of foods (Robinson et al. 2011, 2012). Two studies examined whether
remembered enjoyment of eating a food can be increased and whether this makes
individuals more likely to eat that food in the future (Robinson et al. 2012). A simple
manipulation of instructing participants to revisit what they found enjoyable about a
food right after eating it was used to increase remembered enjoyment (relative to
controls). This experimental manipulation successfully increased remembered
enjoyment for the food. In the second study, they explored whether this very
manipulation resulted in participants choosing to eat more of a food from a buffet
lunch the following day, the results suggesting that it is the case. Taken together
these findings suggest that remembered enjoyment can be modified by simply
recalling a past occasion and that this act can increase or decrease the amount of
food chosen and eaten later. Moreover, additional evidence suggests that memory of
food, or thoughts of future meals, suppresses subsequent food intake (Vartanian et al.
2016).

Together with Sara Jaeger, the impact that food-related memories have on
people’s emotional state and how this state is projected in a subsequent evaluation
of images pertaining to food and food-related behaviors was investigated (Piqueras-
Fiszman and Jaeger 2016). Through an online survey, three memories were inves-
tigated (a positive meal, a routine evening meal, and an overeating occasion) among
UK respondents. Participants had to recall one of these three memories and write it
down. Following this, they evaluated images of food and food-related behaviors in
terms of emotions conveyed (provided to them). Participants who recalled an
overeating memory evaluated images related to junk food as conveying more
feelings of guilt and shame than did participants primed with the memory of a
positive meal. Moreover, this effect was moderated by participants’ dietary restraint
status. Participants classified as having a high dietary restraint had stronger associ-
ations with the emotions guilt and shame than participants classified as low in dietary
restraint. In contrast, a memory of a positive meal did not lead to positive valuations
of any of the food-related images shown. Overall, the findings from this study
illustrate the partial impact that personal food memories have on people’s emotional
response toward food-related issues, which in turn has the potential to affect future
behavior.

Now, in the context of the instructed mental simulations, one could argue that
both process and outcome simulations would increase the desire for an imagined
ambivalent product (which could be both vice and virtue) in a similar way since no
negative imagination was imposed. People assign a positive value to things that are
conducive for goal achievement and negative value to things that are detrimental for
goals achievement (Forster et al. 2007). We further explored whether the valence of
the imagined experience could modulate the desire for the imagined product
(Muiioz-Vilches et al. submitted). Thus, we expected that in our case, the imagined
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experience would lead to a positive feeling, and it would increase wanting. Yet,
having a negative feeling about the imagined experience (i.e., for a person the
product might have negative sensory attributes or lead to post-consumption feelings
such as guilt) would decrease wanting. Therefore, the valence of the imagined
experience would mediate the effect of mental simulation on the wanting for the
imagined product. Imagining a food experience evaluated as positive (negative)
would increase (decrease) the motivation to eat the product they have imagined.
Finally, we also hypothesized that upon a real choice of foods (a healthy and an
unhealthier snack), performing process simulation with an ambivalent product
would increase the likelihood of choice for the unhealthy product and that outcome
simulation would increase the likelihood of choice for the healthier one.

The procedure was the same as with the other study described (Mufioz-Vilches et al.
2019). After the mental simulation phase, with a cereal bar (in this case as an exemplar
of an ambivalent product), they evaluated the valence of the thoughts evoked by the
imagined experience. At the end of the session, participants were presented with two
transparent containers, one with 65 g of a healthy product (grapes) and another with
65 g of an unhealthier product (chocolate covered raisins). Participants were asked to
evaluate the liking of both products before tasting them and had to choose one from the
two products to do a “taste test” as part of a cover story. Only the choice was recorded,
but participants did not notice any connection between the mental simulation phase
and this “other” tasting test.

Participants under process simulation, that is, imagining the process of eating, had
a higher desire for the imagined product compared to a control condition, but when
having to choose between a healthy and an unhealthier product, more people chose
the unhealthier product over the healthier one. On the other hand, outcome simula-
tion, that is, imagining the outcome of eating, also generated a higher desire for the
imagined product, but in this case, people chose the healthier option. The results also
showed that the type of mental simulation indirectly influenced wanting for the
imagined product through its effect on the valence of people’s imagined experience.
So, in other words, the more positive the imagined experience was, the more desire
the participants had for the food.

The results highlighted the impact that mentally simulating the process of eating
something versus its consequences has on the choices people make regarding
snacks. Making people focus more on the consequences of the consumption, even
if it is not a vice nor a virtue product what is being imagined and not being part of a
choice, could lead to healthier choices, as our study suggested. This strategy, one
could argue, makes people direct their attention toward different aspects of the
product. Most importantly and in alignment with previous literature, if the imagined
(post)consumption experience elicits positive feelings, we will be more inclined to
eat that or a similar product, but if the experience elicits more negative feelings, then
we will tend to not prefer that food (or perhaps even reject it).

Taken together, these findings highlight how important the memories we have of
our eating experiences are. In fact, according to the cognitive psychological tradition
that became known as “analysis-by-synthesis” (e.g., Gregorey 1980), our brain does
not build its current model of how the world is simply by accumulating information
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from the bottom up (i.e., from low-level cues). Rather, it tries to predict the current
incoming cues from its best models of the possible causes (see Hohwy 2007). Over
the last decade, more and more neuroscientists have subscribed to this perspective
using a Bayesian framework to suggest that our brain uses hierarchical or empirical
Bayes to infer the causes of the sensations invading it (e.g., see Friston 2005; and
Piqueras-Fiszman and Spence 2015 for a more elaborated discussion on this).
Considering this we could say that we make decisions without much processing of
incoming information and in a pretty automatic way by trying to predict whether the
products we are choosing from will satisfy our hedonic and utilitarian needs, based
on the priors stored in memory from previous experience. As part of this process,
mental simulations contribute to us anticipating the likely (post) experience we will
have with the product.

Conclusions and Implications

As mentioned at the beginning of this chapter, mental simulations occur naturally
and automatically as soon as we encounter a product; however the behavioral
outcome is then also mindless and greatly relies on our recall of similar experiences
(hedonic and functional) we have had in the past. This highlights the importance that
past experiences and our memory thereof have in our behavior.

This chapter also provided an overview of recent evidence highlighting the
potential effects of instructing people to remember or imagine different aspects of
the (post)consumption experience, mainly on wanting of food in general and in
subsequent choice of different categories of foods (vice or virtue). Findings so far
seem to suggest that making people focus on the consummatory/sensory experi-
ence of eating leads to choices related to a more hedonic experience, whereas
focusing on the consequences would drive healthier choices. This is not to say that
the first type of simulation is always linked to pleasure and the latter to more
negative feelings, but there seems to be a congruity in terms of psychological
distance or goal activation, which warrants further attention. Clearly, also the
valence of what we reminisce plays a role, as has been demonstrated in enjoyment
of subsequent ecating episodes and in the emotions that food-related images
convey.

The biggest potential of instructed mental simulation would be to aid people
with a less salient health goal, to decrease their temptation and preference toward
unhealthier and highly hedonic products, and to “persuade” them to make healthier
choices. Moreover, industry could benefit by evoking more outcome-related
thoughts when a virtue product is in question. Mental simulation could be used
to shift attentional focus, at convenience, toward more hedonic or utilitarian
features. Thereby, greater understanding of the impact of mental simulation on
anticipated consumption may prove fruitful in individual strategies to regulate
temptation, as well as in the creation of more effective communication strategies
of healthier food.
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Abstract

Understanding food and beverage preferences is important given the role that
likes and dislikes play in our choices and, ultimately, in our health. While both
genetic and environmental influences are important determinants of preferences,
in this chapter, emphasis is given to the different processes that encourage and
maintain preferences, commencing prior to birth and into adulthood. In particular,
various forms of learning, including exposure, evaluative, and nutrient condition-
ing, are crucial, while culture provides the necessary specifics in terms of the
actual foods that we learn to like. In turn, the learning processes and cultural
influences are modified by our individual characteristics, including genetics and
dimensions of our personality.

Introduction

Food and beverage preferences, like many complex human behaviors, result from
the interaction of genetics and environmental influences. In turn, the environmental
effects are mediated by learning processes that have evolved to deliver hedonic states
that motivate us to select and consume some foods over others (Prescott 2012).
While acknowledging that culture is overwhelmingly important in determining
which foods are consumed, and therefore preferred, an account of cultural differ-
ences is not the aim of this chapter. Rather, the discussion will focus on the
mechanisms that underlie the development of food preferences generally,
irrespective of culture or demographic factors. For the same reason, short-term
influences on food likes and dislikes, including such phenomena as sensory-specific
satiety, alliesthesia, and the effects of actual or anticipated satiation or satiety, will
also not be considered.

Innate Influences
Genetics

While exposure and learning are probably most influential in determining food
preference, there is, nonetheless, good evidence for strong genetic influences on
the foods we choose. Studies of monozygotic and dizygotic twins have shown
heritability for specific foods, with the degree of heritability differing according to
the category of foods (Falciglia and Norton 1994). Heritability appears to be
strongest for proteins and smallest for desserts, and for fruit and vegetables,
moderate—strong degrees of heritability are seen. In a series of studies of Finnish
twin populations (see, for example, (Keskitalo et al. 2008; Tornwall et al. 2012)
heritable components have been observed for preferences for a variety of the sensory
qualities of foods, including astringency, sourness, oral pungency, and for “healthy”
foods, high-fat foods, sweet foods, and meats.
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What actually is being inherited? Some genetic influences on food preferences
may arise from variations in perception. The most studied genetic variation in taste
perception has been that underlying the bitterness of two thiourea compounds,
phenylthiocarbamide (PTC) and 6-n-propylthiouracil (PROP), the taste of which is
linked to polymorphisms in the bitter receptor gene, 7TAS2R38 (Bufe et al. 2005).
This gene and its associated phenotypic variations are of interest because of the fact
that PROP/PTC sensitivity has been used as an index of sensitivity to other food
qualities including tastes, oral pungency and tactile qualities (Prescott et al. 2004), as
well as to specific food preferences and intake (Dufty et al. 2010). Therefore, some
of the variations in heritability found in twin studies may reflect genetic variations
such as these, and in particular for those foods that are bitter. Genetic variations in
taste sensitivity may not only explain person-to-person differences in food likes, but
they could also be responsible for some observed sex differences in food prefer-
ences, since being highly sensitive to PROP bitterness is more common among
women than men.

Although PROP sensitivity has been extensively studied, it is not unique, in that
other physiological/anatomical variations may have an impact on food preferences.
We vary, for example, in the density of structures that contain taste buds, fungiform
papillae (FP), on the tongue. Groups varying in FP density show differences in the
sensory properties of, and preference for black coffee and in their addition of sugar to
coffee (Masi et al. 2015). Vegetable preferences, too, have been linked to higher FP
density, particularly in those individuals who were less sensitive to the bitterness of
PROP (Duffy et al. 2010). Furthermore, nontasters with more papillae reported
greater vegetable consumption than nontasters with fewer papillae, suggesting that
when bitterness does not predominate, more papillae enhance vegetable liking.

Personality

The role of personality variables in determining the perception and preference of
foods and their sensory qualities has received increased scrutiny in recent years. In
particular, the trait of food neophobia (FN) is an important contributor to food
preferences (Jaeger et al. 2017) and shows substantial heritability (Cooke et al.
2007), and thus may contribute to genetic influences on food preferences. Although
FN was initially conceptualized only as a reluctance to consume unfamiliar foods, it
has global impacts on food preferences, with higher FN being associated with
reduced dietary variety, specifically in higher numbers of foods that have never
been tried and the lower of number of foods liked overall. Highly neophobic children
show reduced preferences for, and lower intakes of, vegetables and fruits in terms of
both variety and amounts and reduced consumption of protein foods. FN persists
into adulthood in a substantial proportion of the population, and increasing neo-
phobia in adults, as with children, is associated with reduced acceptability and intake
of vegetables, fruits and protein foods, as well as in higher numbers of disliked foods
overall, even extending to reduced preferences for, and consumption of, familiar
foods. The inherited factor in FN is uncertain but may be a tendency to experience
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high arousal in response to both unfamiliar foods and intense food flavors (Laureati
et al. 2018). A number of other personality factors with strong heritability, including
disgust sensitivity and sensation-seeking, are also linked to food choices, but it is
probably premature to conclude just how important many of these are as independent
determinants of food preferences.

Taste Preferences

The most ubiquitous preferences present at birth are those of the so-called basic
tastes, in that we are born with established hedonic responses to sweetness, bitter-
ness, sourness and umami (glutamate taste), while a preference for saltiness develops
in the first few postnatal months. These fixed preferences are in contrast to our
preferences for odors/flavors, which are molded by exposure and learning from an
early age (see below). Taste preferences are reflected in distinct, and unambiguous,
facial expressions to sweetness and bitterness that are present at birth in humans,
monkeys, and rats and are essentially the same responses that we have as adults.
Both in terms of willingness to ingest, and also in the quality of these characteristic
facial expressions, sweetness is highly liked and bitterness rejected in human
neonates (Desor et al. 1975). Sourness is also disliked, especially at high levels.
Preference for glutamate (umami taste) is highly dependent on its context — in
essence, it becomes highly liked when part of an overall flavor.

These stereotyped responses present at birth suggests that innate taste preferences
are likely to have important roles in regulating the intake of nutrients and avoidance of
toxins. Thus, the palatability of sweetness is thought to signal the presence of energy
in the form of calories provided by sugars and other plant carbohydrates, which are
crucial to survival. Saltiness signals the presence of the sodium ion (Na"), crucial for
maintaining the body’s fluid balance. The strong dislike that we naturally have to
bitterness is thought to be a protective mechanism: Many plants manufacture toxins as
a defense against predators, and very many of these toxins are bitter. The significance
of our dislike for high levels of sourness is not as clear-cut. It may be a signal for
unripeness/spoilage in foods, or the fact that concentrated, and thus extremely sour,
acids can cause tissue damage. The origins of umami preferences (like those of some
other amino acids) are less clear, but may act to promote protein intake.

Sweetness remains preferred and is an important determinant of food preferences
into adulthood, even though there is a general decline in the levels of sweetness
preferred (Desor and Beauchamp 1987), and there is considerable person-to-person
variation. A substantial proportion of adults still exhibit a “sweet tooth,” but there are
also large minorities who increasingly dislike sweetness as it becomes more and
more intense, even if weaker levels remain liked. Studies of sweet liking have
identified three to five groups that varying in their optimal sweetness level, at least
in solutions and beverages (Kim et al. 2014). Indeed, in the case of both sweet
solutions and foods, sweet liking, as distinct from our perception of sweetness, has
been found to be partly heritable and may be linked to other genetic variations in
bitterness sensitivity.
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Exposure

It is clear that innate taste preferences undergo modification during the transition to
adulthood and it may be the impact of differential exposure to taste qualities within
the context of foods that produces subgroups based on taste preferences. In regard to
other taste qualities, the aversion for bitterness present at birth remains, although
adult bitter likers and dislikers, based on food preferences, have been identified.
However, the initially aversive response to sour tastes is increasingly converted to a
sour preference for some infants, over an initial timeframe of approximately the first
18 months, but increasing during infancy and into childhood. This is reflected in
increasing acceptance and intake of sour-tasting foods.

Foods and Food Flavors

Flavor and food preferences vary as a function of many factors, including genetic
status. However, the overwhelmingly largest influence on food preferences is expo-
sure. At birth, each of us has already experienced some months of in utero exposure
to food flavors through the common bloodstream of the mother and fetus. In the
second trimester, swallowing and sucking by the fetus can be detected, and imme-
diately prior to birth the fetus is actively swallowing considerable amounts of
amniotic fluid. This fluid contains not only minerals but also compounds that
stimulate both taste and olfactory receptors. Moreover, the results of this exposure
have been demonstrated in the flavor preferences of the infant at up to 2 years of age
(Mennella et al. 2001).

The maturity of the olfactory and taste systems at birth allows feeding experi-
ences to have an immediate impact in development of later preferences. The fact that
breast milk is both sweet and high in glutamate (and hence presumably in umami
taste) means that it is immediately preferred. At the same time, the infant is being
exposed to a variety of flavors from the mother’s diet that are expressed in her breast
milk. The impact of this is evident through studies in which flavors (e.g., garlic;
vanilla) introduced into the mother’s diet increase the duration of breast-feeding by
the infant. An important distinction between bottle-fed and breast-fed infants is the
degree of exposure to flavors. The fact that bottle-fed infants experience a relatively
uniform taste and flavor environment is likely to be important in the extent to which
these infants will later accept novel foods into their diet. In other words, early
experience of flavor variety is associated with later acceptance of variety in food
experiences.

Studies on both young infants and children (typically, 4-8 years of age), using
both ratings of liking and amount consumed, have seen increases in acceptance with
repeated exposure to novel vegetables, fruits and cheeses (Wardle et al. 2003). In
most cases, it seems that amount of change in liking is a positive function of the
number of exposures. The impact of early exposure can be seen into childhood and
adolescence, with significant links between preferences for foods at 2—3 years old
and those following puberty (Nicklaus et al. 2004).
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Cultural Transmission of Flavor Preferences

Exposure both in utero and postnatally via breast and bottle feeding provides the
infant with a set of preferred flavors, and these preferences can be seen to persist into
the child’s consumption of solid foods. We would expect, therefore, that initially at
least the child’s flavor preferences would match those of their mother. But there are
broader implications of this transmission of flavor preferences. When seen in a
cultural context, what is transmitted from mother to child is a set of preferences
that define the flavor principles of the culture in which they live.

The idea of flavor principles was introduced as a means of characterizing how
cuisines differ from one another (Rozin and Rozin 1981). The principles consist of
particular ingredients — meats, vegetables, herbs, spices — as well as food preparation
and cooking methods that will distinguish the cuisine of one culture from that of
another. The flavor principle of a cuisine also performs a utilitarian function in that it
allows a cuisine to be flexible in its ingredients (for example, swapping one staple
protein for another in the face of changing availability) without eliciting neophobic
responses.

The potential variations to which infants may be exposed is vast, but it can be
expected that these will reflect to a great extent the adult diet. Thus, a preponderance
of sour or fermented or spicy flavors within a culture will be reproduced in the
preferences of infants. Likewise, the absence of certain foods or flavors with a
culture will mean that the infant fails to develop preferences for those qualities.
The relatively passive process of flavor exposure is also augmented by more active
interventions — for example, the gradual access to chilli provided to young infants in
Mexico by their parents (Rozin 1990). Much of this latter type of social learning —
essentially modeling on the behavior of parents and other significant adults — takes
place at the later stage of development.

Establishing Preferred Sensory Qualities

As noted above, saltiness is hedonically neutral at birth, but a clear preference for
salty water over plain water develops by about the sixth month postnatally. More
generally, infants begin to learn the appropriate levels of tastants and the qualities of
flavors for different foods and beverages. This same process can be shown to operate
in determining or modifying adult food preferences as well. Reducing sugar in tea to
coffee, or salt in foods, for health reasons is an example of the impact of exposure to
initially disliked levels of tastant on the development of a liking for that reduced
level. Such effects have been shown experimentally with exposure to salt-reduced
versions of foods (Methven et al. 2012). Similar effects can be seen with long term
reductions in overall dietary sodium, which have been shown to reduce the optimal
level of saltiness for multiple foods (Bertino et al. 1986).

Repeated exposure provides a context for a wide range of the sensory properties
of foods, and can explain why there are variations in preferences across cultures even
when the foods themselves are very similar. Expectations that a beverage will be
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served at a particular temperature, for example, reflects only one’s prior experience
with that beverage, and can be altered by repeated exposure to a new version served
at a different temperature (Zellner et al. 1988). Similarly, a product’s color will be
seen as appropriate or not depending on prior experience. We also learn that a
particular texture belongs with a particular food: There is nothing intrinsically
likeable about crunchy, mushy or flaky as food qualities. Food textures are highly
dependent on preparation techniques and meal context. In turn, these vary by food, a
fact that is specified within each culture’s cuisine.

Violating these expectations can be a potent source of food rejections. A study of
a savory, smoked-salmon-flavored “ice cream/mousse” showed that its acceptance or
rejection largely depended on the researchers’ manipulation of the context. Telling
participants in the study that they were consuming smoked salmon “ice cream”
provoked considerable dislike for the dish, whereas it was much more acceptable
when labeled as cold smoked salmon mousse (Yeomans et al. 2008a). The crucial
difference here is that the information provides a way of interpreting what is being
eaten as either consistent with what we expect (that a mousse can be savory) or not
(that ice cream does not come in fish flavors) — based on prior exposure to multiple
examples of both mousse and ice-cream.

Mechanisms of Exposure

Sections “Associative Learning” and “Post-Ingestive Learning” (below) discuss
various mechanisms for producing changes in liking that occur through pairing
with valenced (liked/disliked) stimuli or with the metabolic consequences of food
ingestion (see also Fig. 1). In these cases, simple, repeated exposure to a food or
flavor is a necessary precondition to facilitate learning. But, as in cases outlined
above, it is sometimes sufficient to increase liking without additional processes. In
fact, the idea that exposure to a stimulus alone can increases liking for that stimulus
seems to be a general phenomenon, observed with a broad range of visual and other
sensory stimuli (Bornstein 1989). Foods and food flavors are special stimuli because
of their biological significance and their potential to be toxic. As such, exposure,
may have unique effects. As noted earlier in the discussion of food neophobia, food
novelty may be a source of unpleasant high arousal because it implies
unpredictability in terms of its suitability as food. Conversely, repeated exposure
(without negative consequences) is known to reduce arousal and is consequently
rewarding. The impact of exposure on arousal in the context of foods is not primarily
about conversion of disliked to liked stimuli. Rather, it can be seen as a means of
dealing with novelty as a signal of unpredictability of flavor. If the flavor of a food
might be unusual, and thus not previously tried, it can therefore be potentially
dangerous, and it is this unpredictability that is the source of the arousal.

External signals of safety also encourage food trial, even among those that are
highly neophobic. These signals include “models,” for example, peers or an adult
modeling consumption of novel food or information about the food’s flavor, or
linking the unfamiliar food with a familiar and liked food or ingredient such as a
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Fig. 1 Examples of changes in liking for flavors and odors via different learning processes.
(a) Effects of exposure shown in changes in mean liking ratings prior to (pre) and following
(post) repeated exposure to the taste (no consumption) of a soup flavor at either low or regular salt
levels. (Data adapted from Methven et al. (2012)). (b) Effects of post-ingestive (flavor—nutrient)
learning shown by changes (pre- to post-exposure) in liking for the flavor of a novel soup
consumed while hungry either with (MSG+) or without (MSG-) added monosodium glutamate
(MSGQG). (Data adapted from Prescott, J. (2004) Effects of added glutamate on liking for novel food
flavors. Appetite, 42 (2), 143—150). (c) Effects of evaluative (flavor—flavor) learning showing
through changes (pre- to post-exposure) in liking for novel odors that have been repeatedly tasted
with either sucrose or quinine in solution. Data are shown for both sweet likers and sweet dislikers,
illustrating the importance of the individual differences in the hedonic value of the taste to changes
in liking. (Data adapted from Yeomans, M.R. and Prescott, J. (2016) Smelling the goodness:
sniffing as a behavioral measure of learned odor hedonics. Journal of Experimental Psychology:
Animal Learning and Cognition, 42(4), 391-400)
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condiment or a sauce. In the latter case, the familiar item will be strongly influenced
by culture. In fact, we can see this process as one in which consumption of a novel
food is encouraged by the use of a “flavor principle” (see section “Cultural Trans-
mission of Flavor Preferences”).

Associative Learning

Bitterness as a quality per se remains largely unpalatable into adulthood. Yet, at the
same time, we willingly consume bitterness, at least in the context of other flavors
such as coffee and beer. However, the fact that we typically experience bitterness in
the context of other more liked qualities such as sweetness raises the question of how
much this pairing is responsible for the development of liking for bitter foods and
beverages.

Evaluative Conditioning

It is thought that repeated pairing of something that has valence — that is, is liked or
disliked — with something that is novel (or disliked) will typically produce a change
in the hedonic qualities of the latter. This type of learning, generally known as
evaluative conditioning, is similar in procedure to classical (Pavlovian) condition-
ing, except that we are learning likes and dislikes rather than that one stimulus (a
bell, for example) predicts the occurrence of another (the presentation of food).
Evaluative conditioning has been shown with stimuli from a variety of sensory
modalities, including visual, auditory and olfactory stimuli (De Houwer et al. 2001).

These same processes are at work during the development of food preferences,
and evaluative conditioning commonly begins prior to consumption via a product’s
image or through awareness generated by advertising. Advertisers typically embed
the images of product presentation and/or consumption in a variety of what they
judge are positive contexts that are being paired with the product. Marketers rise to
the challenge of dealing with products that have aversive characteristics such as
bitterness in beer through advertising that links preference for the taste for this bitter
brew with the idea that it marks the drinker as having sophisticated tastes.

As well, brands and labels have an important role in that they can signal prestige
or group membership or an important value for the consumer. Hence, foods with an
organic label or labeled as “natural” or “healthy” can be evaluated as better tasting
and promote increased consumption (Cavanagh and Forestell 2013). Many of these
effects depend, though, on the consumer’s attitudes and values regarding that
nutritional information. Those interested in health or nutrition may find added
value in labels that signal such properties, but the same labels can also convey
simultaneously a negative taste message since, for many consumers, “healthy” and
“tasty” are perceived as incompatible.
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The exposure to the product itself by eating or drinking is experienced in
contexts, which can be social (dining with family or friends) or occur in pleasant
environments, and in each case, the context can provide positive associations for
food and drink flavors that encourage the development of preferences. In some cases,
while a pleasurable context might produce liking for a food, the food becomes
strongly linked only to that context. Hence, a familiar food or meal will be enjoyed
more ifit is eaten in an environment that is highly regarded, such as a restaurant, than
if the same meal is consumed in a student cafeteria (Edwards et al. 2003). This is
probably the reason why restaurant evaluations often emphasize the “atmosphere” —
which might include location, noise level, lighting, other diners, image, and so on.

Individual foods can also become part of the overall enjoyment of special
occasions, as in popcorn at the cinema, and various, otherwise inedible, items at
sporting events; while on vacation, a local wine or aperitivo becomes paired with a
bustling taverna or trattoria on a warm summer evening. The key to forming such
strong links between the event or context and the food or drink is the positive
emotion that is experienced at the time. Indeed, evoking positive emotions and
pairing these with foods can increase liking for those foods (Kuenzel et al. 2010).
We can understand the almost universal liking — particularly at times of stress — for
comfort food, food that is not only familiar but part of our childhood and culture and
that reminds us of “home.”

The sources of positive associations for foods can include role models. For
example, children who repeatedly watch their peers at school consume a food that
they do not particularly like become more likely to select that food if given an
opportunity (Birch 1980). It is possible in such cases both that the child is learning
that a food is safe to consume (and hence can be regarded as an exposure effect) and
that the liking that they have for their friends is being “transferred” to the food and
thus an example of evaluative conditioning. Certainly, in some studies of observa-
tional learning, others’ facial expressions — acting as cues to the acceptability of the
flavor — have been shown to influence liking for a novel drink, suggesting that
signals for safely are being assessed. Models showing dislike appears to be partic-
ularly effective, probably because such negative facial expressions are less ambig-
uous (Baeyens et al. 1996).

Flavor-Flavor Conditioning

The presence of innate responses to taste — both acceptance and rejection — provides
a means by which we can develop hedonic responses to the vast range of foods that
are available to us as omnivores. Food flavors are unique primarily because of their
odor volatiles, and while exposure alone will generate preferences for odors, in the
context of foods, these odors are always paired with tastes that are already pleasant
or unpleasant. The impact of such pairing was first demonstrated in humans in a
study in which novel tea flavors were mixed with sweetened or unsweetened water
(Zellner et al. 1983). Following repeated pairing, the participants revealed a clear
preference for the flavors previously paired with sugar — an effect that was over and
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above any increase attributable to simple exposure to the flavors. Flavor dislikes can
be formed using exactly the same mechanism, by pairing a flavor with a disliked
taste, typically bitterness. In practice, though, the impact of bitterness in foods on
preferences is likely to be offset by other mechanisms such as post-ingestive effects
(see section “Post-Ingestive Learning”).

The natural history of the development of preferences for initially aversive flavors
provide indications that we tend to instinctively employ such “flavor—flavor” con-
ditioning to establish liking. Thus, sweeter beers such as lager are often drunk prior
to developing a taste for ales and more bitter beers. Similarly, novice wine drinkers
tend to favor sweeter wines, probably because initially unpleasant qualities like
sourness and astringency are less prominent, and the subsequent development of a
preference for wine flavors is supported by this pairing with sweetness. Paradoxi-
cally, this leads to the development of a liking for the flavor of wines that are dryer,
less sweet and less fruity as the wine flavor itself, and not just its sweetness, becomes
preferred. Coffee, in contrast, is commonly adulterated. Adding cream or milk, plus
sugar, a common combination for novice drinkers, not only reduces the bitterness,
but also provides the necessary positive tastes to produce liking for coffee flavor
itself. This is why, even if you drink your coffee white and sweetened, the smell of
black coffee brewing is so appealing. This also explains why the transition in coffee
drinking is overwhelmingly from sweetened coffee to unsweetened coffee, rather
than vice versa. There are indications, too, that evaluative conditioning processes are
also sometimes understood and consciously applied to influence the preference of
others. Favored methods for promoting food likes in children included demonstrat-
ing that target foods are liked by the parents, as well as involving the child in the
(presumably) enjoyable activity of food preparation. Some part of this may reflect
the fact that adult attention is generally positive for children, and has been shown, in
itself, to promote liking for unfamiliar foods with which it is paired.

Evaluative Conditioning Processes

How exactly does the increased like or dislike become attached to the novel/neutral
stimulus? The mechanism behind evaluative conditioning is still a matter of debate
(De Houwer et al. 2001). Perhaps the most widely accepted model suggests that in
pairing the already-valenced stimulus with one that is neither especially liked nor
disliked, we are in fact encoding a compound stimulus of both stimuli in memory; in
a food, this would be equivalent to the taste + odor/flavor. What is important in such
a model is that each odor occurs together with a specific pleasant/unpleasant taste
(strawberry + sweet) very frequently and with other tastes (strawberry + bitter) very
infrequently. Subsequent to the pairings, it is this compound — which contains a liked
or disliked element — that is liked or disliked.

Evaluative conditioning may explain how many of our food preferences develop
without any apparent effort or conscious awareness, and indeed why they are long-
lasting. It is thought that evaluative conditioning does not require an individual to be
conscious of the pairing between the two stimuli — which explains how it is possible



210 J. Prescott

for an infant’s early experience of vanilla in milk to manifest as a preference as adults
for tomato sauce containing trace amounts of this same flavor (Haller et al. 1999).

A key to the effectiveness of evaluative conditioning in foods is that the taste with
which the flavor is paired is perceived as positive or negative. However, as discussed
in sections “Genetics” and “Taste Preferences” above, there are differences between
individuals both in the intensity of tastes, particularly bitterness, and also in the
extent to which sweetness is liked. Hence, whether or not a change in liking for a
flavor occurs will depend upon an individual’s characteristics. It can therefore mean
that liking for an odor paired with sweetness, for example, will not occur (or occur to
a lesser extent) in those who are “sweet-dislikers.” For the same reasons, insensitiv-
ity to bitterness will undermine any conditioning that might occur in pairing a bitter
taste and a flavor (Yeomans et al. 2009).

Reinforcement

It is easy to view the pairing a pleasant stimulus with a neutral stimulus, in order to
change preference for the latter, in terms of the pleasant stimulus acting as some sort
of reinforcement or reward that promotes liking for the neutral stimulus. However, in
theoretical terms, associative learning and reinforcement learning are quite distinct.
More specifically, reinforcement is used to increase (or decrease) the likelihood of a
behavior. Its relevance to food preferences lies in its use to encourage consumption
of (and, ultimately, preference for) particular foods, thereby allowing simple expo-
sure to increase liking.

The general consensus of the use of rewards (positive reinforcement) to encour-
age food consumption is that it is relatively ineffective, or at least not as effective as
other approaches such as simple repeated exposure (Wardle et al. 2003). In fact,
studies have concluded that positive reinforcement using praise, access to preferred
activities, rewards such as movie tickets, or negative reinforcement using parental
pressure may actually be counterproductive, reducing preference for the food or
beverage with which they are paired. One implication of this conclusion is that using
one food as a reward (e.g., ice cream) to increase consumption of another — a green
vegetable that the adult wants the child to eat, for example — is also likely to fail,
mainly because the relative value of the foods soon becomes apparent. This may be
due, too, to the overjustification effect, in which an activity undertaken because of
the promise of a reward is actually valued less than if it were undertaken for its own
sake — that is, where the reward comes from enjoyment of the activity itself.

In other specific cases, reinforcement may influence food preferences. Thus,
negative reinforcement — the failure to experience something unpleasant — has
been invoked to explain the preference for chilli, despite its often painful burn, as
an exemplar of “benign masochism” (Rozin and Schiller 1980). One theoretical view
of positive reinforcers is that they are valued precisely because access to them is
restricted. This response deprivation hypothesis appears to be borne out in studies of
children’s food preferences, in which restricting access to a food increases prefer-
ences for it when compared to other initially equally liked foods that were more
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easily available (Fisher and Birch 1999). The implications of such findings for
preferences for high sugar, high fat foods that the parent may wish to restrict are
obvious.

Post-Ingestive Learning

The innate preferences for basic taste qualities — in particular, sweetness and
bitterness — and the early emergence of sodium preference are typically interpreted
in terms of the nutritional significance of these taste qualities. During development,
however, we come into contact with a substantial repertoire of foods that,
irrespective of the taste qualities present, will vary in terms of their nutritional
consequences. In addition, metabolic needs vary considerable over the short and
long term, and survival requires responsiveness to such changing needs. To achieve
this, largely automatic processes link food flavors with their metabolic conse-
quences, a process known as post-ingestive conditioning or, alternatively,
flavor—nutrient learning.

Signals for Energy and Other Metabolically Useful Nutrients

In a very general sense, our body’s needs can regulate the development of food
preferences by pairing flavors with the consequences of eating, most obviously relief
from hunger (satiation) or from thirst. In addition, though, there are specific nutrients
that are effective in promoting flavor preferences. The ability of a sweet taste to
produce liking for an odor with which it is paired in a flavor relies on the fact that
sweetness is very commonly a signal for the energy value of a carbohydrate.
However, this learning is considerably enhanced when our experience of the flavor
is followed immediately by the actual energy — that is, once the food is consumed.
Such flavor-nutrient learning appears to be a universal mechanism of food preference
development since few, if any, foods contain no nutrients of potential value to the
body. But, from a survival perspective, the body values nutrients that supply such
energy and the mechanism for promoting consumption if energy is the development
of preference for associated flavors.

In animal studies, where more direct demonstrations are possible, carbohydrates,
fats, starches, and proteins introduced directly into the stomach increase liking for
flavors that the animal had just experienced (Sclafani 1997). In studies with humans,
these same nutrients all promote flavor liking. The effects of energy consumption of
carbohydrates can be shown to be an additional influence on flavor preference
beyond pairing with the liked sweet taste. This is achieved by comparing changes
in liking for a novel food/flavor that contains an energy-containing sweetener such as
sucrose, with the food/flavor when it is tasted but not consumed, or when it is
consumed but contains a sweetener such as aspartame, which is sweet but provides
no calories. Such studies do indicate that consuming a valued nutrient provides a
stronger or quicker increase in liking than pairing with a liked taste alone (Yeomans
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et al. 2008c). The difference is essentially between a taste that is usually a reliable
signal for calories to come versus the presence of the calories themselves. Impor-
tantly, too, flavor—nutrient learning is only really effective when the body values the
calories, such as when we are hungry (Mobini et al. 2007).

Fat is an even more dense form of energy than sugar, and it is therefore
unsurprising that, at least in Western countries, some of our strongest preferences
are for foods — chocolate, desserts, cakes — that are high in both fat and sugar. These
foods are extremely palatable precisely for the reason that the body places such a
high value on concentrated energy sources. Any flavor paired with fat becomes an
important signal for calories to come, and this is reflected in increased liking for that
flavor (Johnson et al. 1991). In the same way, we can explain why pairing with a
number of other sources of energy (the alcohol in beer and wine) and other positive
benefits (alertness due to caffeine in coffee) can result in liked flavors (Mobini et al.
2005). The worldwide affection for these beverages reflects not only the processes of
evaluative conditioning through pairing with liked sweet tastes, but learning about
their physiological consequences following consumption as well, and it is probably
this last effect which allows us to develop liking despite the presence of significant
bitterness in many popular beverages.

Novel flavors repeatedly combined with glutamate (the prototypical umami taste)
also become similarly liked, although the metabolic benefits are less obvious than
with sugars or fats. Unlike the taste of sweet carbohydrates, glutamate by itself is not
an inherently pleasant taste. But adding glutamate to suitable meat- or vegetable-
based savory foods — soups, stews, pasta, and other sauces — makes them richer and
fuller tasting, and much more liked than those without added glutamate. Unlike salt or
the energy that is signaled by sweet or fat tastes, we do not need to take in glutamate
in the diet to survive, so it is unclear why glutamate promotes flavor preferences. It
has been suggested that because glutamic acid is an amino acid present in animal and
vegetable protein, umami taste may act as a signal for the presence of protein, with its
effects on palatability therefore promoting consumption. Hence, people with very
low protein intakes prefer higher concentrations of glutamate than those whose
protein intake is adequate (Vazquez et al. 1982), although glutamate can also increase
food palatability irrespective of the taster’s nutritional state.

Wanting

An important distinction that is gaining traction in efforts to understand food choices
is between liking and wanting (Havermans 2011). Although it is clear that foods that
we want to consume are most often liked, and vice versa, there are times when
wanting might be influential independently of whether or not a food is liked. In
particular, the idea of wanting involves the central idea of motivation. One obvious
example would be that, if we were exceptionally hungry, we might be strongly
motivated to eat foods that were unpalatable. Conversely, chocolate is typically
consumed in relatively small amounts even though it is consistently rated as many
people’s most liked food.
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Typically, wanting can be shown to be modulated by degree of hunger, and it can
be distinguished most easily from liking by determining desire to consume or actual
amounts consumed. Recent studies have supported the importance of post-ingestive
conditioning in the development of wanting. Thus, repeatedly pairing food flavors
with MSG within a soup was shown to increase subsequent ad libitum soup intake,
while the taste of a soup previously MSG-paired also increased ratings of hunger,
suggesting increased motivation to consume the soup (Yeomans et al. 2008b).
Another conditioning study has demonstrated changes in wanting in hungry elderly
participants, as reflected in increased intake, in the absence of changes in liking, for
novel flavored soups repeatedly paired with added MSG (Dermiki et al. 2015)
possibly because the MSG added soups were unpalatably salty.

Preferences Based on Correcting Nutrient Deficiencies

The fact that nutrient conditioning using calories is effective primarily during hunger
suggests that specific nutrient deficiencies may also provide opportunities for flavor
conditioning to occur. However, the evidence for this comes primarily from animal
studies. There is one exception, namely, the human appetite for salt, which far
exceeds what is physiologically necessary, suggesting that salt intake in driven by
taste. Sodium depletion can be an immediate threat to health and there is ample
evidence from humans and other animals that saltiness is both highly palatable and
highly sought after in such circumstances (Beauchamp et al. 1990). This effect has
also been seen in humans following sodium depletion due to perspiration following
vigorous exercise (Wald and Leshem 2003), with greater flavor conditioning for a
novel drink being evident in those showing the greatest sodium loss, as reflected in
higher levels of perspiration.

Learned Aversions to Flavors

The most dramatic example of post-ingestive learning involving odors or flavors is
the development of “taste” aversions that follow pairing of a flavor and subsequent
nausea (Garcia et al. 1985), a pairing that can result from incidentally occurring
illness, and chemotherapy-induced or motion-induced nausea. Studies on population
samples in the USA have suggested that at least 40% of the population will develop a
learned aversion to one or more flavors during their life. Such aversions are not
merely dislikes but rather a viscerally unpleasant reaction to a food that may have
been liked previously. Meats and fish, particularly in a main course meal context, are
particularly vulnerable to aversions, while intermediate rates are found for vegeta-
bles, desserts, and alcohol, with potatoes, bread, and rice all showing low rates.
This classic form of taste aversion learning seems to be an automatic process that
typically occurs following a single nausea plus flavor pairing, and it also tends to be
very long-lasting. Being aware that the nausea/illness was produced by, say, a bout of
influenza rather than by the consequences of the food associated with that flavor, has
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no impact on the development of this type of aversion. But humans also experience
taste aversions that are essentially cognitive in nature, that is, involving associations
between foods and either feelings of disgust or negative information about the food
(Batsell and Brown 1998). For some, reactions to certain foods are clearly suffi-
ciently potent to produce an aversion without the food having been consumed or
even without direct contact with those foods. In such cases, modeling others’
reactions to foods or being emotionally upset by some aspect of a food are involved.
Estimated at around 20% of all human aversions, cognitive aversions are thought to
be even longer-lasting than traditional, nausea-based aversions. Another major
difference between cognitive and nausea-based aversions is that, for most of us,
nausea will reliably induce an aversion to a recently experienced flavor. In contrast, a
characteristic of cognitively mediated aversions is that the same experience of a food
can be disgusting to one person and not to another. For example, aversions have been
linked to instances of “moral vegetarianism,” in which the idea of killing animals is
so unpleasant that the flavor or even odor of meat can become highly unpleasant.

Relative to the numbers of different foods that we eat, taste aversions are rare. The
vast majority of foods or meals are not followed by illness, and those with aversions
typically have them for a single food. One group that is severely affected by taste
aversions is patients undergoing treatment for cancer. Severe nausea is often a
consequence of chemotherapy treatments and, as a result, aversions to foods eaten
prior to treatment sessions are common, particularly in children. Even in adults, it
has been estimated that as many as 50% of those receiving chemotherapy will
develop an aversion to one or more foods.

Other sources of learned dislikes have also been reported, and they reflect flavors
acting as signals for bodily needs. Regular caffeine consumers repeatedly exposed to
a novel non-caffeinated drink when caffeine-deprived develop a dislike for that
flavor, although this is not evident when these individuals are not caffeine-deprived
(Yeomans et al. 2002). Flavors that have been paired with exercise also become
disliked relative a control flavors, an effect that appears unrelated to any discomfort
produced by the exercise (Havermans et al. 2009). Instead, this appears to be due, not
to gastrointestinal upset, but rather to the net loss of energy (calories) that physical
activity produces. It is thought that the body may be seeking to protect itself by
avoiding any signals — in this case, flavors — that might predict such energy loss. It is
not clear, in either of these cases, whether such effects are commonplace or a major
influence on food preferences.

Conclusion: Do Learned Likes and Dislikes Last?

Food preferences can, of course, change, but research on learned likes and dislikes
suggests that, once acquired, preferences typically persist in the absence of active
intervention. Data for the impact of exposure over time are scarce, but the demon-
stration that the effects of the addition of a vanilla flavor to infant formula can
influence responses to vanilla in foods decades later (Haller et al. 1999) suggests the
potential for exposure effects to be effectively permanent. Unlike classically
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conditioned responses, preferences formed by evaluative conditioning do not appear
to extinguish. That is, they does not decrease once the pairing is no longer in place
(Baeyens et al. 1988). For example, an odor paired with a sweet taste will become
liked, but once this has occurred, further links to the sweetness seem to be unnec-
essary for the odor preference to be maintained. With coffee, for example, the initial
pairing of the flavor with a sweet taste has the effect of producing a permanent liking
for the flavor, with or without added sweetness. So, while foods may fall out of favor
for various reasons, foods that we have learned to like tend to stay that way, as do
those we have learned to dislike, unless there is some strong additional association
operating in the other direction. The important caveat is that data for estimating the
impact of evaluative conditioning exist only for the short to medium (months) term.

Dislikes formed by taste aversions are notable for their longevity, but there is at
least anecdotal evidence that they can be overcome with sufficient motivation and
effort. It can be assumed that the effects of post-ingestive conditioning of preferences
are also persistent, although one study does suggest that liking can be adversely
affected with repeated exposure to a familiar and liked food whose energy content
has been reduced (O’Sullivan et al. 2010). Whether this reflects a reversal of post-
ingestive conditioning (that is, extinction) or an acquired dislike based on an energy
reduction is unclear, and may be of little practical importance, given its implications
for the impact of foods formulated for energy reduction diets.
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Abstract

We present a theory of normal eating, based on three fundamental elements:
hunger, palatability, and norms of appropriateness. These three elements can
account for food intake and choice, although not all three elements are equally
important and they vary in terms of their importance in different situations. We
suggest that various factors that are regarded as influential in food intake and
choice (e.g., dieting, emotional arousal) may be understood in terms of our three
basic elements.

In this chapter, we present a theory of normal eating. There has been surprisingly
little formal or theoretical attention paid to normal eating, perhaps because
researchers (and people in general) assume that everyone already knows what
normal eating is and how it works. A “negative” approach to the understanding
of normal eating is evident in discussions of eating disorders, which are often
seen as pathologies of normal eating but without specifying what normal eating
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is other than the default condition from which the pathologies deviate (Herman
and Polivy 1996). Researchers and people in general — when asked to explain
why people (and they themselves) eat the way they do, why they choose
(or reject) particular foods to eat, and why they eat as much (or as little) as they
do on a given occasion — tend to fall back on two explanations, hunger and
palatability (Vartanian et al. 2008). These explanations are taken for granted
and rarely explored, because they are assumed to be self-evident. When given a
choice of foods to eat, people (believe that they) choose the foods that they find
most palatable. If given a choice among equally palatable foods, people may
explain their choice in terms of hunger: a hungry person will often select the
food that is higher in calories or at least perceived to be more satiating. In the
absence of choice of food, people will typically explain why they ate a lot of
the available food by claiming that they were particularly hungry or that the
food was particularly palatable. Reduced intake is conversely attributed to low
palatability or an absence of hunger (Vartanian et al. 2017).

We have recently outlined a theory of normal eating (Herman 2013; Herman et al.
in press) in an attempt to provide a positive and comprehensive analysis of
why people eat the way they do. This theory is not derived from the absence of
disordered eating. It likewise does not assume that “everyone” already knows what
normal eating is. Rather, it starts with the basic elements of normal eating and
describes how they are related to each other and how they operate in particular
eating situations. This theory is not self-evident. We hope to draw attention to
aspects of eating that are generally taken for granted or overlooked altogether.

Normal Eating

We propose that there are three principal factors that govern normal eating: hunger,
palatability, and norms of appropriateness. These three factors all have an impact on
normal eating, but they are not equally powerful. Once we have described these
three factors, we shall elaborate on them by postulating how they operate
conjointly. For the record, we define normal eating as how people in modern
societies eat when there is sufficient, culturally acceptable, and at least minimally
palatable food. We acknowledge that many people in the world do not have the
luxury of engaging in normal eating.

Hunger

Hunger is experienced subjectively as a desire to eat, sometimes with accompanying
symptoms such as stomach pangs or light-headedness. This desire presumably
reflects an underlying biological need for food. The intimate connection between
the need for food and the desire, pursuit, and consumption of food is thought to
reflect the “wisdom of the body,” (Cannon 1932) which has evolved to detect an
energy deficit and to remedy that deficit. Historically, most research on hunger and
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eating has been conducted on animals who cannot report on their internal states — not
that humans are particularly adept at reporting on their internal states. In the case
of rats, for instance, researchers have tended to beg the question of the connection
between hunger and eating: if the rat eats, it is assumed to be hungry. Correspond-
ingly, if it doesn’t eat, or stops eating, the rat is assumed to be not hungry, or sated.
This tautological connection between hunger and eating quickly falls apart upon
inspection. First, we can all think of times when we were hungry and nevertheless
did not eat. This disconnect between hunger and eating may arise because, even
though the individual feels hungry, the available food is unpalatable or perhaps the
individual is on a diet or perhaps no one else in the group is eating and so the
individual feels awkward giving in to her hunger or perhaps the individual is so
focused on some event or activity that she doesn’t attend to her hunger sensations.
By the same token, there are situations in which people continue to eat despite
feeling sated — perhaps because the food is simply irresistible or because of social
pressure to eat.

Hunger as perceived or reported at the beginning of an eating episode is often not a
good predictor of how much food will be consumed (see » Chap. 6, “Food Intake and
Physiological Regulation: The Means and the End” by Bellisle in this volume). If
hunger or food deprivation is the only variable involved, then there is a reasonable
correspondence between hunger/deprivation and intake (Kissileff and Thornton
1982), although Le Magnen (1971) suggests that hunger may be more evident in
terms of latency to eat than in terms of amount eaten. Moreover, hunger/deprivation is
rarely the only factor involved, and the effect of hunger on food intake is often
overridden by other factors (in particular, palatability and norms of appropriateness),
with the result that more often than not hunger/deprivation is ultimately only weakly
reflected in the actual amount of food consumed.

Weingarten (1985) distinguishes between depletion-based hunger, which is
how we normally think about hunger, and externally controlled hunger. He has
demonstrated that rats will act as if they are hungry, eating additional food, if they
encounter a stimulus (e.g., a visual or auditory cue) that has previously been paired
with eating. Thus, you can make a sated rat start to eat even more if you provide an
“eating cue.” This situation certainly forces us to reconsider whether hunger as
traditionally understood — arising from a true nutritional deficit — is always present
when people (or rats) eat. Another example of eating that does not reflect hunger
as we traditionally understand it is temporally conditioned hunger. We tend to
become hungry as mealtime approaches. Of course, this could simply be equivalent
to saying that we tend to become hungry as more time goes by since we last ate;
in that case, the traditional depletion/repletion view of hunger would apply. But if
for some reason — something comes up — you fail to eat at your normal mealtime,
you may well find that your hunger, instead of continuing to grow, abates. Note
also that “hunger is not at its daily peak upon awakening” (Mattes 2010, p. 24), even
though the interval since the last meal is generally longer than just before lunch
or dinner. And despite the lengthy interval since the last meal, breakfast is typically
not the largest meal of the day. This phenomenon certainly defies the depletion
view of hunger; it suggests instead that mealtime itself acts as an “eating cue,”
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much like Weingarten’s visual or auditory stimuli, and that once the cue is no
longer there, cue-based hunger subsides.

There is some debate about whether most of us ever experience “true” hunger.
Rogers and Brunstrom (2016) argue that whatever caloric deficits we experience
over the course of hours or even days are insignificant compared to our basic energy
stores. “Energy requirements meal-to-meal are trivial compared with total body
energy stores, and energy supply to the body’s tissues is maintained if a meal or
even several meals are missed” (p. 465). It may be that only when we are truly
deprived of food for days on end will we experience genuine hunger of the sort that
drives the frantic food intake of starving people, food intake that proceeds
irrespective of the palatability of the food and the behavior of other people. (Need-
less to say, it is virtually impossible to study such extreme food deprivation in
the laboratory.) In any case, it is evident that hunger is not a simple matter
and that we may need to develop a vocabulary that distinguishes between “true”
hunger and the sort of everyday hunger that we experience most of the time. How
everyday hunger drives eating remains a matter of debate. For now, suffice it to say
that it may not be as unambiguously important a driver of eating as is usually
assumed.

Palatability

Like hunger, palatability is generally acknowledged as a principal factor governing
eating. Palatability refers to the extent to which the eater enjoys the sensory
properties of the food. Palatability is often considered to be equivalent to taste,
but it is a broader construct and also includes aspects of food enjoyment such as
texture, temperature, and appearance. As with hunger, researchers often beg the
question of how palatability affects food intake, especially when studying animals
who cannot provide us with independent measures of those two constructs. If a
rat eats a lot of a particular food, it is assumed that the rat finds it palatable. If it
rejects the food, we may be tempted to infer that the food is unpalatable. Of course,
in making these inferences, we often forget that we are prepared to make parallel
inferences about hunger; so if a rat rejects a particular food, is it because the food
is unpalatable or because the rat simply isn’t hungry? It is possible to devise studies
that separate these two influences on eating, but we are often careless about
distinguishing them in real life. Thus, when we ask people why they ate so much,
they are likely to cite hunger and/or palatability, more or less indiscriminately.
Palatability is more obviously in play when we present a rat or a human with
two different foods and assess which one is chosen. In such a study, hunger (or at
least food deprivation) can be held constant, allowing us to ascribe higher palatabil-
ity to the more frequently chosen food. There are two qualifications here, however.
First, we all acknowledge that one man’s meat is another man’s poison, so judgments
of palatability are to a large extent idiosyncratic. Even though we can combine
judgments over several raters to document that chocolate is generally more palatable
than is broccoli, their relative palatability may be reversed for a handful of
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individuals, particularly if we are talking about humans. Also, we must acknowledge
that the choice of chocolate versus broccoli may be driven by considerations
other than palatability. Some people will select the broccoli, even though they
prefer the taste and other properties of the chocolate; considerations of health
or social appropriateness will sometimes lead people to select the less palatable
option. For example, Sullivan et al. (2019) found that when presented with a choice
between a food item that was tasty but not healthful versus an item that was
healthful but not tasty, 78% of their sample chose the tasty-but-not-healthful
item, but 22% chose the healthful-but-not-tasty item. The same considerations
may lead people to behave “perversely” in terms of amount eaten, with health or
appropriateness considerations leading them to eat less of their preferred food
and more of their non-preferred food.

Just as hunger declines over the course of a meal, so does palatability.
Rolls (2000) has studied “sensory-specific satiety,” the phenomenon whereby an
initially palatable food becomes less palatable over the course of the meal. This
decline in palatability arises from repeated exposure to the same taste (and to some
extent other sensory properties such as texture). This reduction in palatability acts
as a brake on eating, whence it is referred to as “satiety,” although it is acknowledged
that the satiety here is largely metaphorical. The fact that true satiety has not
developed is evident when the individual is offered food that differs dramatically
in its sensory properties from the original food (Pliner et al. 1980). This “variety”
induces a resumption of eating, which presumably would not occur if true satiety
had been achieved.

We refer to the decline in the palatability of a particular food over the course
of a meal as sensory-specific satiety. There is a similar decline in palatability
when the same food is served repeatedly, meal after meal. This effect is referred
to as monotony and can be reversed by providing distinctly different foods (see
Remick et al. 2009 for a review).

People often cite palatability when explaining why they ate as much or as little
as they did (Vartanian et al. 2017). We concur that palatability is an important driver
of food intake and food choice. In the research literature, however, palatability is
often neglected as a principal factor governing food intake for the simple reason
that research participants are usually offered palatable food to eat. The role of
palatability in food intake becomes evident only when it is manipulated over
a large range of values; we can then observe that people eat more palatable
food than unpalatable food. If palatability is held constant at a high level, as it
often is in research studies, its importance in controlling eating will be masked
(Pliner et al. 1990).

Norms of Appropriateness

The last — but by no means the least — driver of food intake and choice is norms
of appropriateness. Norms of appropriateness are rarely cited by researchers or
eaters themselves as important in the regulation of eating, but we maintain that
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they are very important, at least in humans. “Norms of appropriateness” refer to
people’s concerns about eating in a manner that is socially approved. People are
social creatures, and they are sensitive to the judgments of others. They want to be
seen as — and see themselves as — eating appropriately. When it comes to food
choice, there are widely shared cultural norms about which foods are suitable
for consumption, and people tend to feel some pressure to eat suitable foods.
This pressure is strongest when the individual is eating in a group and everyone
else has chosen to eat the “appropriate” food and to reject the “inappropriate” food.
It takes a strong individual — someone who doesn’t care what others think — to order
a rich dessert for himself when everyone else at the table is ordering something
“healthy” or not ordering dessert at all.

Insofar as culture affects eating, then, we suggest that it does so through
the inculcation of norms of appropriateness. Cultural variations in eating — the
particular foods that are eaten, how food is eaten, how much is eaten, and so on —
are evident in the variations in norms of appropriateness from one culture
(or subculture) to another.

Norms of appropriateness apply to food intake as well as to food choice.
For instance, one powerful norm in our culture involves people’s fear of being
seen as having eaten excessively. People who eat excessively are judged negatively;
they are viewed as less attractive, less intelligent, less moral, and generally less
worthy as individuals (see Vartanian et al. 2007, for a review). Women who eat
excessively are seen as less feminine (Chaiken and Pliner 1987). The only positive
trait associated with excessive eating is “fun-loving.”

Avoiding the imputation of eating excessively is thus an important consideration
affecting how much people eat. The problem for the eater, however, is to figure out
how much she can eat without eating excessively. Unless she is on a diet that
specifies food intake for each eating occasion — and most people aren’t on such a
diet — it’s not intuitively obvious how much one can “safely” eat. What happens is
that people eating with co-eaters learn to observe the co-eaters’ intake; and they use
that intake as a measure of what is “allowed.” If you eat no more than your co-eaters
do, then you may avoid the imputation of eating excessively (Herman and Polivy
2008). Note the opportunity here for collusion by the group eaters, who may
explicitly or tacitly agree to eat more food than they would normally eat. If they
all go along, “permissible” food intake increases, with everyone enjoying the
splurge. There are some complications in the group scenario, as when your
co-eaters eat varying amounts, muddying the line beyond which eating becomes
excessive; but these complications can generally be handled by our theory of normal
eating — or at least studied.

It is worth noting that social norms are typically internalized, which means
that the individual may be governed by these norms even when eating alone (Feeney
et al. 2017). Thus, people judge themselves and are concerned to avoid eating
excessively even when they are eating alone. In one research paradigm — what
we call the “remote confederate” paradigm — the research participant eats alone
but is provided with information about how much others have previously eaten in
the same situation. This information is concocted by the researcher; there are
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no other “prior participants.” Participants are powerfully affected by this information
(e.g., Feeney et al. 2011; Roth et al. 2001), even though there is no chance that
these other people will be judging them. Of course, in this situation, as in most
studies of food intake, research participants are led to believe that the researchers
are not judging — or even measuring — their food intake.

The concern to avoid eating excessively represents only one social norm,
albeit a norm that pervades the domain of food intake. Other norms that we might
mention include:

» Politeness/consideration, as when we feel compelled to eat more than we might
otherwise be inclined to and to eat foods that we might otherwise avoid, when
we find ourselves in a situation in which our host enjoins us to “have another
helping” or serves us something that we do not like. A variation on this normative
pressure was documented by Exline et al. (2012), who found that at least
some people eat more than they otherwise would simply in order to make their
large-intake eating companions feel more comfortable.

* Regulatory balance, as when we believe that we ought to eat less if we have
recently eaten a lot. Thus, if we mislead research participants into believing
that what they recently ate was highly caloric, they will eat less in a subsequent
eating situation (Wooley 1972). A variation on this theme is provided by Higgs
(2008), who has demonstrated that if people are asked to recall their lunch
today, they will eat less in a mid-afternoon snack than if they are not asked to
recall their lunch today or are asked to recall their lunch yesterday.

* Portion size (see » Chap. 34, “The Influence of Portion Size on Eating and
Drinking” by Rolls, this Handbook). People eat more when served larger por-
tions, and there is accumulating evidence that this effect is driven by the fact that
people who are served larger portions consider larger portions to be “appropriate”
(Herman et al. 2015; Robinson and Kersbergen 2018). This conclusion is
reinforced by recent evidence that rats do not eat more when portion size is
increased, suggesting that the effect in humans is mediated by higher cognitive
processes (Naneix et al. 2019).

» Segmentation effects. People eat more when presented with one large item of food
than when the same item is subdivided into segments. Kerameas et al. (2015)
demonstrated that this effect is mediated by changes in the perceived appropriateness
of eating a single larger (unsegmented) item versus several small (segmented) items.

Drivers and Inhibitors

We have identified hunger, palatability, and norms of appropriateness as elements
governing food intake and choice. It should go without saying that these factors
do not operate unopposed. Indeed, our description of norms of appropriateness
has already included several examples of norms that inhibit eating: concern about
eating excessively is basically an inhibitory factor, setting an upper limit on how
much one may eat without making a negative impression on observers and even
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on oneself. Some norms of appropriateness may increase the likelihood of selecting
a particular food (see » Chap. 14, “Social Influences on Eating” by Higgs and
Ruddock’s in this volume) or the likelihood of eating more than one normally
would (e.g., the politeness norm mentioned above), but norms of appropriateness
more often act as inhibitors of eating; they allow a certain intake but no more.
Hunger, of course, normally drives eating and has an “opposite,” satiety, which
terminates eating. Technically, satiety is not quite the opposite of hunger, either in
terms of its basic nature or its parameters. For instance, hunger arises much more
slowly as a function of time spent continuously not eating than satiety does as a
function of time spent continuously eating. Still, for our purposes, we may say that
whereas hunger promotes eating, satiety inhibits eating. Palatability, likewise, has its
opposite. Unpalatable food suppresses eating. In research studies, the food is
typically palatable, but occasionally researchers will explore the effects of unpalat-
able food (see Pliner et al. 1990, for a review). Of course, there is a continuum of
palatability, ranging from highly palatable to highly unpalatable, and we all
acknowledge that the palatability of a particular food may vary from individual to
individual.

Relative Weight of the Three Factors

Of the three main drivers of eating, hunger is the weakest. This assertion is based not
on people’s reports — recall that people tend to identify hunger and palatability as the
principal reasons for eating as much as they do — but on a more careful examination
of the research literature. We ourselves, making the same assumptions that most
people (and researchers) do, were relatively slow in coming to the realization that
hunger is a weak influence. Several years ago, for instance, we outlined a “boundary
model for the regulation of eating” (Herman and Polivy 1984). This model proposed
that eaters, at any given moment, were either hungry, sated, or in a “zone of
biological indifference,” neither hungry nor sated. When in this zone of indifference,
we argued, people’s food intake is affected by all sorts of factors, including palat-
ability and what we would now call norms of appropriateness. Moreover, we argued
that most of us spend most of our time within that zone of indifference, so that our
eating is affected by factors other than hunger/satiety. If, however, we allow our-
selves to drift into a state of hunger (by eating too little or too late) or satiety
(by eating too much or too soon), then these powerful biological conditions
would take over and either (in the case of hunger) drive eating regardless of
palatability or norms of appropriateness or (in the case of satiety) suppress further
eating regardless of palatability or norms of appropriateness.

We conducted (and replicated) a study designed to demonstrate that sufficiently
hungry people would eat even if the food is unpalatable (Kauffman et al. 1995).
That prediction followed from our commonsense boundary model and had been
articulated earlier by Jacobs and Sharma (1969). In the Kauffman et al. study,
participants were deprived of food for up to 24 h and then given access to either
a good-tasting milkshake or to a bad-tasting milkshake (the same milkshake
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but adulterated with bitter quinine). Across two versions of the study, hungry
participants ate more of the good-tasting milkshake than did non-hungry partici-
pants, as expected; but contrary to common sense and contrary to our boundary
model, hungry participants ate less of the bad-tasting milkshakes than did
non-hungry participants. Jacobs and Sharma, who found the same thing in dogs,
suggested that this “paradoxical” effect of hunger on intake of bad-tasting food may
stem from bad-tasting food being potentially toxic and thus being particularly
dangerous to those eating on an empty stomach. (Note that this effect does not
require conscious awareness; people and dogs have evolved to reject bad-tasting
food when they are hungry.) In any case, it is evident that when we examine the
effect of hunger conjointly with the effect of palatability, the effect of palatability
on intake dramatically overrides the effect of hunger. It is worth noting that in our
study, people were food-deprived for 24 h, which is considerable but by no
means comparable to what some people have endured under conditions of extreme
starvation. We concede that truly starving people might be more enthusiastic
about eating bad-tasting food, but 24 h worth of hunger is apparently not enough
to increase intake of bad-tasting food in people who are otherwise not undernour-
ished. In other words, hunger is not as powerful as is palatability in normal people.

Another set of two studies (Goldman et al. 1991) examined food intake in
hungry and non-hungry people. In these studies, we did not manipulate the taste of
the food; rather, we manipulated the food intake of an experimental confederate
who ate alongside the naive participant. The boundary model and common sense
both predicted that the (large versus small) intake of the confederate would have an effect
on the intake of the naive participant, but if the naive participant was hungry — again,
up to 24 h without eating — then she ought to eat enthusiastically even if the
confederate ate sparingly. What we found, however, was that the confederate’s
intake strongly influenced the naive participant’s intake, irrespective of the naive
participant’s hunger level. A very hungry person eating with someone who eats
sparingly will herself eat sparingly. Indeed, the impact of the confederate’s intake
was so strong that hunger/deprivation had virtually no impact whatsoever on intake.
These studies demonstrate that norms of appropriateness — in this case, the example
set by a confederate eating a lot or a little — powerfully influenced food intake,
whereas up to 24 h of food deprivation had virtually no impact on eating. Again,
hunger is not as powerful as are norms appropriateness in normal people.

These studies provide convincing evidence that hunger is not a powerful driver of
normal eating, certainly not when compared directly to the influence of palatability
or norms of appropriateness. We concur with Mattes (2010, p. 30), who concludes
that “hunger and thirst are only weak predictors of energy and fluid intake, respec-
tively.” (See also Mattes 1990, who found at best very weak associations between
hunger reports and intake occurrences and amounts in free-living humans.)

If palatability and norms of appropriateness are both more powerful than is
hunger in the acute control of eating, we might now ask which of these two powerful
factors is more powerful. At this point, we are reluctant to pursue this question,
because it is probably unanswerable. Palatability drives eating in a direct fashion —
the more palatable food, the greater the intake — but norms of appropriateness do not



228 C. P. Herman et al.

drive eating in the same way. Occasionally a norm of appropriateness requires that
we eat more than we otherwise might; the politeness/consideration norm cited above
would be an example. Most of the time, however, norms of appropriateness do not
drive intake so much as permit it. An experimental confederate’s intake indicates
an upper limit of intake beyond which one may not proceed; but there is no
requirement that the limit be reached. Indeed, in most experiments involving large-
eating confederates, the intake of the naive participants increases above control
levels but does not come close to matching the inflated intake of the confederates.
In other words, whereas highly palatable food directly promotes increased intake,
high-intake norms only a/low increased intake; they do not drive it in the same way.
Thus, palatability and norms of appropriateness are incommensurate. They both
override hunger, but we cannot regard one as more powerful than the other. Highly
unpalatable food will suppress eating even if confederates eat a lot of it (Pliner and
Mann 2004), and confederates who eat minimally will suppress intake even if the
food is highly palatable, as we saw in the Goldman et al. (1991) study.

A Dynamic Theory of Normal Eating

Having provided a rough weighting of the three factors driving eating (with hunger
relatively weak compared to palatability and norms of appropriateness), we may
now turn our attention to how these factors combine dynamically to control eating.
In our review of the effects of social factors on eating (Herman et al. 2003), we
postulated that “in the presence of palatable food, and in the absence of inhibitory
forces. . ., people continue to eat indefinitely.” This deceptively simple formulation
includes just about everything required to account for food choice and food intake.

Food choice is the simpler case, with palatability accounting for most decisions.
Some inhibitory factors — say, a concern about how observers (or you yourself)
might judge your choice of a highly palatable but unhealthy food — may interfere
with food choices based entirely on palatability; but by and large, people tend to
select the food that has sensory appeal for them. (Of course, in the real world, factors
such as cost and convenience may affect food choice, but these factors are rarely
studied in the lab.) Pliner and Mann (2004) found that people tend to disregard the
example of others when those others select a disliked food. We may imagine an
obverse case, in which the individual is confronted with a relatively unpalatable food
(which she normally would not be eager to eat) but experiences pressures to eat it
nevertheless. Considerations of politeness or health may drive food selection. For
example, Girz et al. (2012) found that in the absence of caloric information about
menu items, people concerned about their weight chose the “healthy” salad option
rather than the (more palatable) pasta option. When they were told — correctly, as it
happens — that the salad and the pasta were equally caloric, however, people shifted
their choice to the pasta. So here we have an instance of “the presence of norms of
appropriateness that promote the choice of an unpalatable food,” which may then be
overcome by information suggesting that the less palatable food is not actually more
calorically appropriate.
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When it comes to food intake, palatability is again crucial, in the sense that it is a
precondition for further eating. If the food tastes bad, people won’t eat (much of)
it. Most of the time, however, both in the lab and in the real world, people have at
least reasonably palatable food available to them. What is crucial to note here is that
our formulation requires the presence of (reasonably) palatable food, but it does not
require the presence of hunger. We thus acknowledge what has become increasingly
evident recently — namely, that many of us eat in the absence of hunger. The mere
presence of attractive food appears to be enough to drive eating. As Fay et al. (2015,
p. 156) put it, “increased frequency of eating in the absence of homeostatic need,
notably through snacking, is an important contributor to overconsumption and may
be facilitated by increased availability of palatable food in the obesogenic
environment.”

Our dynamic theory suggests that palatability alone will drive intake and drive it
indefinitely. People do not eat indefinitely, though, so we must now turn our attention
to the “inhibitory factors” that terminate eating, sooner or later. The most obvious
terminator of eating is satiety. Even though satiety often lags intake — it can take
20 min or more for inhibitory feedback from ingestion to trigger feelings of satiety
(Booth et al. 1970), and so people often eat more than they wish they had —
eventually satiety registers, and the eater will stop. (Our theory, then, weighs satiety
as a “stop” signal more heavily than hunger as a “start” signal.)

Although satiety is the ultimate backstop, intake often ceases well before satiety
occurs. Other inhibitory forces often come into play earlier. We have already
discussed sensory-specific satiety, the metaphorical satiety that we experience
when our meal is dominated by a single food or flavor. We may think of sensory-
specific satiety as a preemptive form of satiety or, alternatively, as a decline in
palatability; in either case, it stops food intake before true satiety occurs. This is one
instance of an inhibitory force.

One prevalent reason for stopping eating is when we run out of food, as happens,
for instance, when we have cleaned our plate. In the lab, researchers usually try to
ensure that there is more food available that can be eaten. In any case, if all the food
is gone, then the eater is no longer “in the presence of palatable food,” and so the
basic precondition for eating is no longer satisfied.

Other forces that inhibit eating may be found among the many norms of appro-
priateness that govern eating, many of which reflect the appropriateness of eating
moderately or even sparingly, usually with the goal of making a positive impression
on our co-eaters, on observers who are not eating alongside us, or even just on
ourselves.

Elements of the situation that convey norms of appropriateness almost always
establish an upper limit of food intake beyond which we dare not go. Even when the
situation appears at first glance to encourage eating, it nevertheless entails a maxi-
mum permissible amount. Thus, large portions encourage more eating than do small
portions, but even the large portion must not be exceeded. Research participants eat
more when they eat with experimental confederates who eat a lot than when they eat
with confederates who eat only a little; but even when the research participants eat a
lot, they do not eat more than the large-eating confederates (Vartanian et al. 2015).
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We are aware of only one study in which the amount eaten by large-eating confed-
erates did not establish an upper limit for naive research participants (Leone et al.
2007); and in that case, we argued, the ambiguity in the conflicting amounts eaten by
the various confederates prevented the naive eaters from perceiving a clear upper
limit on intake. In our previous list of norms of appropriateness, we included
politeness/consideration as a norm that could lead people to eat more than they
might otherwise be inclined to. Obviously, we cannot argue that eating more as a
way of complimenting the host or making a large-eating companion feel better is an
inhibitory factor, but we do suggest that these examples of eating more than one
really wants to are exceptional. Moreover, concern-about-excessive-eating norms of
appropriateness ensure that our politeness and consideration for others do not lead to
any more eating than is absolutely necessary to discharge these social obligations
and may even dictate eating less than we would prefer, so as to leave enough for
others to eat.

Extensions and Distortions of Normal Eating

Now that we have established the basic drivers (and inhibitors) of eating, we are in
a position to enquire about problematic eating.

Obesity: Normal eating is not necessarily optimal eating. Consider the obesity
epidemic. While we cannot say with certainty what is responsible for the epidemic
(see Herman 2018; Keith et al. 2006; and McAllister et al. 2009), it is easy to see
how normal eating processes might lead to overeating.

Consider palatability. Nisbett (1968) served ice cream varying in palatability —
using the same quinine adulteration that Kauffman et al. (1995) later employed — to
normal-weight, overweight, and underweight people. As palatability increased,
people ate more of the ice cream, but the precise pattern for the different groups
showed an interesting anomaly. Whereas normal-weight and underweight people ate
more ice cream as a continuous function of increasing palatability, the overweight
people showed what Nisbett called a “step function: once the palatability level rose
above neutral, the overweight people ate a lot of it; and further increases in
palatability made no difference. This finding suggests that obese people do not
discriminate between decent-tasting food and highly palatable food; alternatively,
it suggests that people who do not discriminate between decent-tasting food and
highly palatable food are prone to becoming obese. This is a simple example of how
an anomaly in the domain of palatability might produce overeating and weight gain.

Overeating may arise from “inappropriate settings” in norms of appropriateness.
We have already discussed how the intake of your eating companions can influence
your own eating; so if you regularly eat with people who eat a lot, odds are that you
will end up eating a lot as well. In fact, simply eating with other people seems to lead
to greater eating. There is a sizable literature documenting the social facilitation of
eating (Herman 2015): people eat more when they eat with others than when they eat
alone. One interesting explanation for this effect is that, when people eat in groups,
they arrange for more food (per capita) to be available; in effect, groups arrange for
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larger portions. More generally, if we are constantly served (or serve ourselves) large
portions, it stands to reason that we will end up overeating. These examples of
“inappropriate norms of appropriateness” have not yet been shown conclusively to
lead to overeating (Herman 2018; Herman et al. 2016), but the notion is tantalizing.

Dieting or restrained eating: Restrained eaters (dieters; » Chap. 59, “Dieting and
Overeating” by van Strien in this volume) are committed to suppressing their food
intake, owing to their conviction that it is desirable and appropriate to eat less than
hunger and palatability considerations would otherwise demand. Indeed, restrained
eaters struggle to overcome the hunger produced by whatever success they have in
suppressing their intake; and they struggle to overcome the pervasive lure of
palatable food, which is often high in calories and which may become even more
alluring as one’s weight decreases and/or as one expends more energy avoiding such
desirable foods (i.e., psychological deprivation).

Polivy and Herman (1987) note that restrained eaters comprise a large proportion
of some populations, including females in Western societies. Indeed, one could
argue that in many subpopulations, restrained eaters are in the majority, and so we
might consider dieters to be normal eaters, at least statistically. Polivy and Herman
invoke our boundary model (Herman and Polivy 1984) to explain how dieters differ
from nondieters. Specifically, dieters have a “diet boundary” that sets an upper limit
on their permissible intake and that is reached well before satiety. Thus, dieters will
often eat less than will nondieters; and yet, they often eat more. This breakdown of
dietary restraint may be explained in terms of the elimination of the diet boundary.
This may happen in situations in which the dieter breaks her diet by eating more than
the diet allows; once the diet boundary has been breached, there is nothing to stop
additional eating until the satiety boundary is reached. (Herman and Polivy argue
that the satiety boundary is displaced for dieters, so that dieters experience satiety
later — after more food is consumed — than do nondieters.) Another scenario in which
the diet boundary becomes inoperative is when it is temporarily abandoned alto-
gether in favor of more urgent priorities; for instance, when the dieter becomes
emotionally agitated, she may abandon her diet, at least temporarily. This analysis
allows us to interpret the behavior of dieters as “normal,” both in the sense that it is
statistically prevalent and also in the sense that it is responsive to the sort of controls
or boundary pressures that regulate eating in (almost) everyone, the only difference
being the presence of a “diet boundary” that reflects the dieter’s commitment to
eating less, a commitment that is vulnerable to being overridden.

Thus, problematic eating may arise both when the normal controls on eating are
“broken” and when the normal controls are intact but set at levels that conduce to
overeating and/or choosing unhealthy foods. Normal controls may also be set at
levels that conduce to undereating. Most analyses of the classic eating disorders (i.e.,
anorexia nervosa, bulimia nervosa, binge eating disorder) depict these disorders as
stemming from true pathologies of hunger, satiety, emotion, and body image. Our
theory of normal eating does not specifically pertain to these eating disorders, but it
is interesting to speculate as to how these recognized eating disorders might arise not
because of pathology but through extensions of normal eating mechanisms. Crandall
(1988), for instance, discusses how binge eating can spread through a sorority
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through the enforcement of social norms. Websites promoting certain eating disor-
ders may serve to normalize these pathologies (Norris et al. 2006). In short, certain
forms of abnormal eating may just be extensions of normal eating, making it all the
more important for us to understand normal eating and how it operates.

Emotional eating: It is a common belief that eating is driven by emotions; and
indeed, emotional arousal can both promote and suppress food intake and certain
food choices (e.g., Macht 2008). Bruch (1973) speculated about the possibility that
some people confuse other internal or emotional states with hunger, with resultant
overeating. At the same time, clinical depression has been associated with both
weight loss and weight gain (Polivy and Herman 1976). We concur that emotional
arousal affects food intake and choice. We propose, however, that the effect of
emotional states on eating is not direct but rather is mediated by the effects of
emotional states on the basic factors that control eating. Thus, insofar as emotional
arousal suppresses food intake, it may do so by inducing satiety, as Schachter et al.
(1968) argued, citing Cannon (1915). Insofar as emotional arousal increases food
intake, it may do so by altering (or removing) inhibitory norms that typically keep
food intake in check (Polivy and Herman 1999). In short, we do not deny that
emotional eating can have a strong effect, but we suggest that this effect is best
understood in terms of our basic theory of normal eating. Indeed, we suggest that
virtually every aspect of eating can be best understood in terms of our theory of
normal eating, whose relative simplicity offers a concise approach to what has
heretofore been an unduly complicated analytic enterprise.
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The hedonic component of food reward is the result of an integrative process
where the sensory and perceptual information about the food or drink is combined
with a range of factors unrelated to the product itself, such as the individual’s
physiological status, personal experiences, culture and context. This perceptual
and evaluative component of reward has been regarded as a key predictor of food
consumption. Hedonic measures obtained in response to food and drink products
have great importance in sensory and consumer science and are used to inform
decision making in the food industry. In this context, the aim of the present
chapter is to review methodological approaches to measure liking for food and
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Advantages and disadvantages of the methods are discussed from a critical
perspective and recommendations for practitioners are provided.

Introduction

The reward system of the human brain has been hypothesized to evolve to promote
engagement in behaviors that can be beneficial and to discourage potentially dan-
gerous behaviors (Blaukopf and DiGirolamo 2007). Considering that eating suffi-
cient and varied food is essential for our survival, it is not unexpected that food
intake is regulated by both the homeostatic and the reward systems (Lutter and
Nestler 2009). The rewarding nature of food consumption has been associated with
eating foods that may be beneficial for survival and avoidance of potentially
dangerous foods (Saper et al. 2002). Although the reward system was highly
important for survival in an environment characterized by food scarcity, in the
context of a food environment characterized by the wide availability of calorie-
dense food, it is being increasingly recognized as a key determinant of the growing
prevalence of overweight and obesity (Berthoud 2011). In this sense, recent research
has shown that the brain’s reward system can lead to excessive food intake, even in
the presence of satiety signals (Berthoud and Morrison 2008).

Reward has three interrelated psychological components: (i) learning, (ii) liking,
and (iii) wanting (Berridge and Robinson 2003). Learning refers to knowledge about
the relationships between stimuli and actions, which is necessary for making antic-
ipatory responses and for goal-directed action (Dayan and Balleine 2002). Liking is
basically the hedonic component of reward, i.e., the degree of pleasure or displeasure
associated with a stimulus or a behavior. In the context of food and drink, liking has
been conceptualized as the pleasantness of eating, the immediate qualitative, affec-
tive evaluation of food and drink, or the pleasantness of the food or drink in the
mouth (Mela 2006). Finally, wanting is the motivation to perform a behavior or the
conscious desire to translate affect into action (Berridge 2009). According to
Berridge and Robinson (2003), wanting may be a separate psychological component
from “liking” to facilitate comparison and choice among competing rewards.

The hedonic component of food reward is the result of an integrative process
where the sensory and perceptual information about the food or drink is combined
with a range of factors unrelated to the product itself, such as the individual’s
physiological status, personal experiences, culture and context (Cardello 1996).
This perceptual and evaluative component of reward has been regarded as a key
predictor of food consumption (Tuorila 2007). Hedonic measures obtained in
response to food and drink products have great importance in different fields related
to food and eating behavior and are used to inform decision making in the food
industry (Cardello and Jaeger 2007).

The aim of the present chapter is to review methodological approaches to measure
liking for food and drink and to discuss their advantages and disadvantages from a
critical perspective.
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Methodological Approaches to Measure Liking

Liking for food and drink is a psychological process with neural mechanisms that
has objective markers in the brain as well as accompanying cognitive experiences
(Berridge 2009). This affective process can be represented on multiple conscious and
unconscious levels (Winkielman and Berridge 2003). The processes underlying
liking can produce conscious pleasure but can also occur without it (Berridge and
Robinson 1998).

Liking measurements have mainly focused on the conscious or cognitive aspect
of the hedonic experience (Cardello 1996). For this reason, self-reports are the most
popular methodological approach for measuring liking for food and drink (Tuorila
2007). They basically require respondents to indicate their personal impression of
how much they like a target food or drink. However, this cognitive representation of
pleasure may not be a faithful reproduction of the underlying affective processes
(Berridge 1996). Thus, methods that do not require people to report their conscious
experience have been developed and are being increasingly used (Pool et al. 2016).

Hedonic Scaling

Most methodological approaches to measure liking for food and drink derive from
the developments of psychophysics to assess the intensity of sensory experiences
(Berlyne 1973). The most common approaches rely on the evaluation of the mag-
nitude of liking and/or disliking using hedonic scales (Lim 2011). In the following
sections, the most popular scales for measuring liking are described and their
theoretical and practical differences discussed.

9-Point Hedonic Scales and Its Variants

The 9-point hedonic scale is the most popular methodological approach to measure
food liking. This scale was developed between the late 1940s and the 1950s at the
Quartermaster Food and Container Institute for the Armed Forces, in the United
States (Peryam and Girardot 1952; Peryam and Pilgrim 1957), motivated by the need
for a tool to measure the hedonic response of soldiers to various food items. Early
research compared different scale lengths, wording, and presentation formats, lead-
ing to the present form of the scale, which is shown in Fig. la (Lawless and
Heymann 2010; Lim 2011).

The 9-point hedonic scale is a labeled category scale, composed of nine phrases
which are intended to cover a continuum of likes and dislikes. It is arranged as a
balanced bipolar scale, with four positive (like) and four negative (dislike) categories
around the neutral “neither like nor dislike.” The use of the scale is simple as
participants are only asked to select one of the nine categories according to their
degree of liking of the focal sample. In most applications, samples are served one at a
time, and a response is required after the evaluation of each sample (Lawless and
Heymann 2010).
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a) b)
LIKE EXTREMELY

LIKE VERY MUCH

LIKE MODERATELY

LIKE SLIGHTLY

1 2 3 4 5 6 7 8 9
NEITHER LIKE NOR DISLIKE D |:| |:| D I:l I:] |:] I:] D

LIKE NEITHER LIKE DISLIKE

DISLIKE SLIGHTLY EXTREMELY NOR DISLIKE EXTREMELY

DISLIKE MODERATELY
DISLIKE VERY MUCH
DISLIKE EXTREMELY

Fig. 1 Example of 9-point hedonic scales: (a) original version developed by Peryam and Girardot
(1952), (b) alternative format

Although in theory data collected using the 9-point hedonic scale (as well as with
any category scale) are ordinal, it is common practice to assign the numbers 1 to 9 to
the categories, with 1 being “dislike extremely” and 9 being “like extremely,” and to
treat the responses as points in a continuum (Lim 2011). Thus, mean ratings are
usually calculated, and parametrical statistics, such as t-test or analysis of variance
(ANOVA), are used to evaluate product differences in liking. This practice is usually
justified by the robustness of techniques such as ANOVA, and the fact that affective
consumer tests involve large sample sizes, which allow to obtain meaningful results
even though discrete data are being analyzed as if it were continuous (Schutz and
Cardello 2001; Lawless and Heymann 2010).

After its development, the 9-point hedonic scale was rapidly accepted interna-
tionally by both industry and academia. Alternative presentations to the original
format of the scale have been used, with the categories arranged either vertically or
horizontally, using simple check-boxes with anchors in the extremes and sometimes
in the neutral point, and with or without integer numbers in each category (Fig. 1b;
Lawless and Heymann 2010; Yao et al. 2003; Wichchukit and O’Mahony 2014). The
9-point scale and its variants is by far the most popular tool to measure liking and it
has been extensively used to assess the hedonic response to food and beverages, as
well as many nonfood products (Lawless and Heymann 2010; Stone et al. 2012).

The main reason for the great popularity of this scale is probably its simplicity,
both for participants and researchers. With only minimal instructions, naive con-
sumers can easily understand the task, and it is also simple for researchers to record
and analyze the resulting data (Lim 2011). Besides, results obtained with the 9-point
hedonic scale have been reported to be stable and reproducible (Lawless and
Heymann 2010; Stone et al. 2012), while comparisons with other scales have
shown that it is as sensitive for product discrimination as other methods (Lim 2011).

In spite of being a simple and effective measuring instrument for liking of food
and beverages, the 9-point hedonic scale has some disadvantages that should be
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acknowledged. First of all, the intervals between the scale labels are not equal, as
was recognized by its developers (Jones et al. 1955; Jones and Thurstone 1955) and
later confirmed by other authors (Moskowitz and Sidel 1971). From a mathematical
point of view, this means that the obtained data are ordinal, and consequently
nonparametric approaches (such as Friedman’s test) should be used for their analy-
sis. Besides, conclusions on the ratios of degree of liking of different samples cannot
be drawn with this type of scale, as well as meaningful comparisons between
individuals and groups (Lim 2011).

Another shortcoming of this scale, which is common to all category scales, is the
existence of the “central tendency” bias (Hollingworth 1910), meaning that assessors
tend to avoid using the end, i.e., extreme, categories. The underuse of the extremes
reduces the effective number of categories of the scale and limits its ability to
differentiate products which are highly liked or disliked (Schutz and Cardello
2001). Moreover, the small number of available categories limits the expression of
a full range of hedonic responses, as two products under the same category are not
necessarily equally liked (Lim 2011; Wichchukit and O’Mahony 2014). Besides,
most commercial food products receive hedonic scores that range between 6 and
8, which makes it a small scale for product discrimination. Furthermore, the presence
of the neutral category “neither like nor dislike” has been show to decrease the
efficiency of the scale (Jones et al. 1955), probably by encouraging certain degree of
complacency among assessors (Schutz and Cardello 2001).

Lastly, it should be noted that although the scale has been translated into many
languages (Curia et al. 2001; Yao et al. 2003; Yeh et al. 1998), this has not been done
without issues related both with translation of the labels as well as cultural differ-
ences in the use of the scale. For example, research has pointed out that Japanese,
Korean, Chinese, and Thai consumers tend to use a smaller range of the 9-point scale
compared to American consumers (Yao et al. 2003; Yeh et al. 1998), which has been
attributed to Asian cultures presenting acquiescence and polite response styles as
well as a tendency to avoid extreme responses. The translation of the nine category
labels to other languages is also problematic in some cases. For example, in Korean,
the translation of “extreme” has a stronger semantic weight compared to English
(Yao et al. 2003; Wichchukit and O’Mahony 2014). Similarly, Curia et al. (2001)
evaluated different versions of the translation of the 9-poinit scale labels to Spanish,
asking people of different ages from two towns in Argentina to rank the phrases from
“like least” to “like most.” The authors found that a large percentage of participants
inverted the order of two or more phrases and called for caution when using the scale
in languages other than English, suggesting that number or unstructured (without
labels) versions of the scale might be more appropriate in such cases.

Labeled Affective Magnitude Scale

The known drawbacks of the 9-point hedonic scale have motivated the search for
alternative tools which could overcome issues such as the limited response options,
the central tendency bias, and the unequal spacing of categories with the consequent
inability to use parametric statistics. Among the proposed alternatives, the Labeled
Affective Magnitude (LAM) scale (Schutz and Cardello 2001) has gained its place in
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the sensory and consumer science toolbox (Cardello and Jaeger 2010; Lawless and
Heymann 2010; Stone et al. 2012).

The LAM scale was developed by Schutz and Cardello (2001), who extended the
idea of category-ratio scales, which had been proposed for the measurement of
perceived exertion (Borg 1982) and oral sensations (Green et al. 1993, 1996), to
the hedonic domain. The LAM scale is a bipolar continuous scale with 11 labels
describing the magnitude of (dis)liking, which are located at specific positions. The
position of the labels was derived from a study in which the affective meaning of
44 positive, negative, and neutral semantic labels were rated using magnitude
estimation. Subsequent studies on the reliability and sensitivity of different alterna-
tives led to the selection of the labels from the 9-point hedonic scale, plus the two
extreme anchors: “greatest imaginable (dis)like” (Fig. 2; Schutz and Cardello 2001).
As the location of the labels on the line scale was based on the ratios obtained by
magnitude estimation, the scale is assumed to have ratio properties, which enables
the use of parametric statistics for data analysis (Lawless and Heymann 2010; Lim
2011).

Hedonic tests involving LAM scales are conducted in a similar fashion to those in
which the 9-point hedonic scale is used, with the difference that, instead of selecting
the category that best describes their degree of liking for a sample, assessors are

Fig. 2 Labeled Affected - GREATEST IMAGINABLE LIKE
Magnitude (LAM) scale,
developed by Schutz and

Cardello (2001) L LIKE EXTREMELY

— LIKE VERY MUCH

— LIKE MODERATELY

— LIKE SLIGHTLY
— NEITHER LIKE NOR DISLIKE
— DISLIKE SLIGHTLY

— DISLIKE MODERATELY

— DISLIKE VERY MUCH

— DISLIKE EXTREMELY

—— GREATEST IMAGINABLE DISLIKE
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instructed to make a mark on the line scale to indicate how much they (dis)liked the
sample. Thus, the problem of limited response possibilities associated with the
9-point hedonic scale is overcome. Besides, the inclusion of an extreme label
(“greatest imaginable (dis)like”) enables assessors to rate products higher
(or lower) than “(dis)like extremely,” which reduces the “ceiling” or avoidance of
end use effect that the 9-point scale poses on responses (Cardello and Jaeger 2010).
These facts might explain why Schutz and Cardello (2001) found that the LAM scale
performed slightly better than the 9-point scale in the discrimination of highly liked
products. Moreover, the LAM scale has been reported to be as easy to use as the
9-point scale for consumers (Schutz and Cardello 2001; Hein et al. 2008). Another
point raised as an advantage of the LAM scale is that it reduces the percentage of
ratings that fall near the neutral point, thereby minimizing the complacency bias
(Schutz and Cardello 2001).

The wording of the most extreme categories of labeled magnitude scales has been
a matter of discussion. Bartoshuk et al. (2002), when working on category-ratio
scales to measure sensory intensities, argued that the end anchor should be the
“strongest imaginable sensation of any kind,” in order to extend the frame of
reference out of the specific sensation being measured. Although this anchor is
supposed to enable the scale to provide valid comparisons across individuals and
groups with different sensitivities, it may be difficult to conceptualize for partici-
pants. In the case of hedonic scales, more extreme anchors to those of the LAM
scale, such as “greatest imaginable (dis)liking of any kind” and “most (dis)liked
imaginable sensation” have been proposed (Cardello 2017). However, research on
the effect of different frames of references for the extreme anchors of the LAM scale,
varying from “greatest imaginable (dis)like” for experiences of any kind, for foods
or beverages in general, or for foods or beverages from a specific category, showed
that a compression effect of the hedonic rating may occur with more extreme anchors
(Cardello et al. 2008; Lawless et al. 2010a). This may result in lower product
discrimination compared to the use of less extreme anchors.

Another criticism that the LAM scale has received is the potential misuse of the
scale by consumers, who might use it as a category scale (only marking on the points
where there are labels) instead of a continuous one. Thus, it is extremely important to
give clear instructions to participants involved in test with the LAM scale and to
ensure they understood the task (Cardello and Jaeger 2010; Lim 2011). Finally, from
a practical point of view, the LAM scale has the disadvantage of requiring more time
to process the results if data are collected on paper ballots, as the exact position of the
marks on the scale needs to be measured. The construction of the scale with the exact
label positions may also be difficult in some cases (Cardello and Jaeger 2010).

It should be noted that although the LAM scale and other similar category-ratio
scales have been used by several authors (Cardello and Jaeger 2010), its use is not as
widespread as the 9-point scale. This is probably because, from a practical point of
view, the advantages of the LAM scale have not proven to be sufficient to justify the
substitution of the 9-point scale. The slight advantage of the LAM scale over the
9-point scale for product discrimination found by some authors (Schutz and Cardello
2001; Greene et al. 2006; El Dine and Olabi 2009) has not been found by others



242 G. Ares and L. Vidal

(Hein et al. 2008; Lawless et al. 2010b). In addition, the conclusions on the rankings
of sample liking have shown to be equal for both scales (Hein et al. 2008; Cardello
and Jaeger 2010; Lawless et al. 2010b). Thus, the advantages of the LAM scale do
not seem to be enough to compensate the increased complexity of the scale and
potential misunderstandings by consumers.

Bi-dimensional Measures of Liking

Concerns over the unidimensional nature of the underlying mechanisms of liking
have been raised (Diener and Emmons 1984). Pleasure and displeasure have been
argued to be not mutually exclusive and it has been suggested that hedonic and
aversive reactions may vary according to two orthogonal processes (Berridge
1996). For this reason, the use of two unipolar scales (one for liking and the
other for disliking) or bivariate grids composed of liking and disliking dimensions
has been proposed (Kwak et al. 2013a, b; Kwak and Lee 2016). The authors
reported that unipolar and bipolar scales showed similar ability to discriminate
among products and low correlations between liking and disliking. However, the
results reported in that work have raised concerns due to some methodological
decisions involved in the experimental design (Cardello 2017). From a practical
point of view, the use of bidimensional measures of liking increases the burden for
both consumers and researchers, as they increase the time and effort needed to
complete the task. In addition, it is not clear if consumers can simultaneously
evaluate liking and disliking for a focal stimuli without the use of satisficing
response strategies.

Best-Worst Scaling

Best-worst scaling is an indirect form of scaling in which scale values are derived
from a choice-based task instead of a direct measurement of degree of liking (Lim
2011). The method, also called maximum difference of max-diff, was formally
introduced by Finn and Louviere (1992) and started to be used in the context of
food and drink liking about a decade ago (Hein et al. 2008; Jaeger and Cardello
2009; Jaeger et al. 2008).

Basically best-worst scaling is an extension of the paired preference test. Asses-
sors are presented with a series of sets of three or more samples and are asked to
choose among them the most and the least liked (Cardello and Jaeger 2010). A
proper experimental design needs to be selected to establish the sets of samples to be
presented, taking into account that each sample must be evaluated an equal number
of times. A simple example is the case of 4 samples (A, B, C, D), which can be
presented in four triads (A, B, C; A, B, D; A, C, D; C, B, D) where each individual
sample will be tasted three times (Jaeger and Cardello 2009). Each consumer should
evaluate the four sample sets in random order.

Data from best-worst scaling can be analyzed using two different approaches.
One of them is to calculate the difference between the number of times each sample
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has been selected as “best” and “worst” for each assessor, which leads to individual-
level scales. These scales can be easily compared across participants and may be
aggregated to provide overall scores for each sample (Jaeger et al. 2008). These best-
worst scores are assumed to have interval properties, and thus can be subject to
ANOVA or other parametric statistical tests (Marley and Louviere 2005). The other
approach is to apply a multinomial logistic regression to the pairs of “best” and
“worst” choice frequency data, which in theory leads to data with ratio properties
(Finn and Louviere 1992; Marley and Louviere 2005).

It has been argued that it is easier for people to identify stimuli at the extremes of a
continuum than in the middle, and consequently, the best-worst method would
require assessors to perform a more natural task from a cognitive point of view
(Jaeger et al. 2008; Lawless and Heymann 2010). In fact, Hein et al. (2008) reported
that consumers found best-worst scaling easier to use than direct scaling methods
such as the 9-point scale and the LAM scale and were more confident they had
provided accurate information during the test. Another advantage of best-worst
scaling over direct ratio scales is that the method provides true, and not assumed,
interval or ratio data (depending on how data are analyzed). Compared to other
preference methods, such as paired comparison, best-worst scaling is more efficient
in the sense more information is provided with fewer responses (Jaeger and Cardello
2009). Also, compared to the direct measurement of liking using hedonic scales,
some authors have provided evidence of a slightly better discrimination power (Hein
et al. 2008; Jaeger et al. 2008), especially in studies involving stimuli that do not
require testing (food names; Jaeger and Cardello 2009), although other authors
found different results (Mueller et al. 2010). Moreover, one of the most salient
advantages of best-worst scaling is its potential for use in cross-cultural research.
Issues that are common to most hedonic scales, such as the translation of anchors and
intermediate labels, and cultural differences in scale use, do not affect the best-worst
scaling method (Cardello and Jaeger 2010).

On the other side, a limitation of best-worst scaling is that no liking score is
produced, so an absolute degree of liking of each sample cannot be inferred. Due to
the indirect nature of the method, only the relative degree of preference among the
samples considered in the study is obtained, which makes comparison across studies
less intuitive, though possible (Cardello and Jaeger 2010). Also, the method requires
assessors to evaluate each sample many times, unlike direct scaling methods in
which each stimulus is presented only once. This increases the time and effort
needed to set up and conduct a test and may pose additional challenges when dealing
with samples that require strict control of serving temperatures or volumes (Jaeger
and Cardello 2009; Lim 2011). This also represents a great disadvantage when
samples need to be tasted, especially when working with fatiguing products such
as wine (Mueller et al. 2010).

Regarding the comparison of best-worst scaling with direct scaling methods,
such as the 9-point and the LAM scales, research has shown that the main
conclusions on sample preferences are comparable (Hein et al. 2008; Jaeger and
Cardello 2009).
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Indirect Methods

Direct methods only focus on the conscious component of liking and do not capture
unconscious hedonic processes (Berridge and Robinson 1998). In addition, self-
reported measures of liking can be affected by several biases, including social
desirability (i.e., tendency to give socially desirable answers, regardless of their
true perception, feelings or attitudes; Crowne and Marlowe 1964), demand charac-
teristics (i.e., tendency to give responses that please the researcher; Ome 1962), and
consistency motif (tendency to appear consistent and rational in the responses to a
questionnaire; Podsakoff et al. 2003). Implicit methods that do not require con-
sumers to provide answers to questions can be used to overcome rationalization and
response biases that diminish the validity and reliability of liking measures. These
methods measure constructs using automatic processes, i.e., unintentional, uncon-
trollable, effortless, and fast processes (De Houwer and Moors 2007). Different
implicit methods have been used to measure consumers’ liking of food and drink,
including implicit association tests, facial expressions, pupil dilation, and functional
magnetic resonance imaging. Although the popularity of these methods has
increased in the last decade, applications are still limited and mainly related to the
academic context.

Implicit Association Test

The implicit association test (IAT) was developed to identify unconscious associa-
tions that are usually not accessible through introspection (Greenwald and Banaji
1995). This test involves two binary computer-based categorization tasks. In each
task, participants have to classify a series of stimuli into one of two response
categories, defined as combinations of an attribute dimension (e.g., pleasant and
unpleasant) and a target dimension (e.g., water and soda) (Kraus and Piqueras-
Fiszman 2018). The two tasks correspond to the two possible groupings of the
attribute and target dimensions (e.g., pleasant/water vs. unpleasant/soda and pleas-
ant/soda and unpleasant/water) (Fig. 3). The response categories are displayed on the
right and left side of the screen and are assigned to specific response keys. Partic-
ipants have to look at the stimuli (which can be words or pictures) and complete the
task as fast and accurately as possible. The classification of each stimulus and the
time needed by participants to complete the task are registered. The underlying
assumption of the IAT is that participants would complete the categorization faster
and more accurately when the response categories are composed of congruent
concepts compared to when they are composed of incongruent concepts (Greenwald
et al. 1998). An in-depth discussion of IAT and its variations, as well as applications
in the food domain, can be found in Kraus and Piqueras-Fiszman (2018).

IAT has been used to evaluate consumers’ liking of food and drink concepts,
although comparisons with explicit scales are not frequent yet. For example, it has
been recently used by Connell et al. (2018) to evaluate consumers’ liking of fresh and
frozen vegetables using fresh/frozen as the target dimension and pleasant/unpleasant
as the attribute dimension. Participants were asked to classify a series of pictures of
fresh and frozen pre-packaged vegetables as well as positively/negatively valenced
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Press "A" Press ‘L’ Press ‘A’ Press 'L

Water Soda Water Soda

Pleasant Unpleasant Pleasant Unpleasant
Tasty Pain

Press ‘A’ Press ‘L' Press ‘A’ Press ‘L’

Water Soda Water Soda

Unpleasant Pleasant Unpleasant Pleasant
Tasty Pain

Fig. 3 Example of four classification tasks in an Implicit Association Test with pleasant/unpleasant
as attribute dimension and water/soda as target dimension

words. Results showed that response times were shorter when participants com-
pleted the task using the categories fresh and pleasant versus frozen and unpleasant,
compared to when the categories fresh and unpleasant versus frozen and pleasant
were considered. This suggests an implicit negative hedonic attitude towards frozen
vegetables compared to fresh vegetables.

Facial Expressions

Facial expressions have been regarded as the richest channel for non-verbal com-
munication (Burgoon and Hoobler 2002). In the context of food consumption, they
have been associated with the communication of warning signs related to the
consumption of potentially harmful substances or facilitation of consumption of
nutritious liquids (Oster 2004). For this reason, facial expressions are usually
interpreted as expressions of liking (e.g., lip corner puller, smiling, lip smack) or
disliking (e.g., nose wrinkle, outer eyebrows raised, brows pulled together and
lowered) (Steiner 1973; Danner and Duerrschmid 2018). Facial expressions have
been used to study innate liking for basic tastes in human infants: sweet taste has
been associated with facial expressions related to liking (e.g., tongue propulsions),
whereas bitter taste has been associated with facial expressions denoting disliking
(gapes) (Berridge and Robinson 2003). Research with both children and adults has
confirmed the potential of negative facial expressions to disliked foods, whereas
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positive facial expressions have not been found to accurately discriminate among
liked foods (Danner and Duerrschmid 2018; Zeinstra et al. 2009). This reduces the
applicability of facial expression for commercial product testing as product devel-
opment is focused on liked products.

The analysis of facial expressions involves three basic steps: face acquisition in
high-quality pictures or video recordings, identification of facial expressions (facial
movements and facial feature deformations), and classification of the facial expres-
sions (Tian et al. 2005). Although this analysis can be done manually, several
commercially solutions are available for consumer research (Danner and
Duerrschmid 2018). It should be noted that measurement of facial expressions face
several challenges when evaluating liking for tasted food and drink as participants
should be instructed to limit their movements while eating and drinking.

Pupil Dilation

The pupil, the circular opening in the center of the iris of the eye, regulates the
amount of light that enters the retina by changing its size (Andreassi 2000). Con-
striction and dilation of the pupil is controlled by the sympathetic and parasympa-
thetic nervous system in response to three stimuli: luminosity, emotions, and
cognitive activity (Seeber and Kerzel 2011). Early research by Hess and Polt
(1964) showed that the pupil dilated when people looked at pleasant pictures.
More recently, Steinhauer et al. (1983) and Bradley et al. (2008) reported that
pupil dilated when viewing affective pictures, regardless of whether they were
pleasant or unpleasant.

Pupil dilation has not been frequently used to evaluate liking for food and drink.
An exception is reported by Graham et al. (2011). These authors compared pupil
dilation when viewing high-calorie savory foods (e.g., bacon cheese burger) and
high-calorie sweet foods (e.g., chocolate cake) across women with different body
mass index (BMI). The authors reported an interaction effect between BMI group
and food type. Low BMI women did not show differences in their pupil diameter
when viewing high-calorie sweet and savory foods. On the contrary, high BMI
women showed larger pupil size when viewing high-calorie sweet foods compared
to high-calorie savory foods, which indicates differences in implicit liking for these
two types of foods.

Functional Magnetic Resonance Imaging

The pleasure associated with food consumption activates specific regions of the
brain related to reward networks, which include anatomical regions of prefrontal
cortex, such as portions of orbitofrontal, insula and anterior cingulate cortices,
subcortical limbic structures, and amygdala (Berridge and Kringelbach 2015).
Therefore, brain imaging techniques can be used to study the brain processes
underlying hedonic reactions towards food and drink.

Functional magnetic resonance imaging (fMRI) is used to investigate where
information is processed in the brain, how different brain areas are connected and
how these connections are influenced by characteristics of the product or the
individual (Dalenberg et al. 2018). This technique allows the identification of
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brain areas that are activated for processing information about a specific stimulus
through changes in oxygen consumption (Huettel et al. 2014). During the experi-
ment, which usually last 1-2 h, participants lie in a supine position on a bed inside
the scanner and engage in a computerized task (Dalenberg et al. 2018). This limits
the application of fMRI to visual stimuli, olfactory stimulation, or liquid foods that
do not require chewing. In addition, despite the potential of fMRI to improve our
understanding of food liking, its application is limited to basic research due to its
cost, limited availability, and complex data analyses (Dalenberg et al. 2018).

An example of the application of fMRI to evaluate liking can be found in Jiang
et al. (2015). Participants completed a liking task of 28 odorants while their brains
were scanned using fMRI. Results showed that brain activation in the bilateral
posterior OFC was correlated with subjective liking ratings. In addition, these
authors provided evidence of the partial dissociation of liking and wanting within
the cortico-striatopallidal circuit.

Liking for Sensory Characteristics

The sensory characteristics of food and drink are one of the main determinants of
liking (Cardello 1996). For this reason, consumer studies usually include questions
about liking for specific sensory characteristics to obtain insights on how these
characteristics can be changed to increase liking (Lawless and Heymann 2010).
One of the simplest approaches is to use hedonic scales to evaluate liking for sensory
modalities (e.g., appearance, flavor, texture) or liking for specific characteristics
(e.g., color, sweetness, creaminess). Despite the popularity of this approach, research
has shown that a halo effect may exist and that consumers may not be able to
evaluate liking for different sensory characteristics independently from each other.
Ares et al. (2009) asked consumers to evaluate overall liking and liking for flavor
and texture of a series of vanilla milk desserts formulated following a Taguchi
experimental design with 5 2-level variables (starch, vanilla, sugar, carrageenan,
and fat). Results showed texture, flavor, and overall liking scores were highly
correlated to each other (R higher than 0.91), providing the same information.

Just-about-right (JAR) scales are another popular approach to evaluate liking for
specific sensory characteristics. They can be regarded as a combination of intensity
and hedonic scales as they involve the evaluation of intensity of sensory character-
istic relative to consumers’ ideal level (Lawless and Heymann 2010). JAR scales are
bipolar: they are anchored in “just-about-right” and each side indicates that the
intensity of the sensory characteristic is weaker or stronger than the ideal (Fig. 4).
Although these scales are popular in the food industry to obtain insights for product
formulation and reformulation, concerns have been raised over the fact that they
could bias consumer perception (Popper et al. 2004).

According to Prescott et al. (2011), asking consumers to focus their attention on
specific sensory characteristics can induce an analytical mind-set that reduces their
ability to engage in the synthetic attentional processes that underlie hedonic
responses. They argued that concurrently eliciting overall hedonic scores and
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NOT SWEET SLIGHTLY JUST ABOUT SLIGHTLY TOO SWEET
ENOUGH NOT SWEET RIGHT TOO SWEET
ENOUGH

Fig. 4 Example of a Just-About-Right (JAR) scale to evaluate the adequacy of sweetness

attribute information can undermine the ability of hedonic scores to provide useful
insights for decision making.

Contextual Effects on Liking for Food and Drink

Liking for food and drink is not absolute. Context, defined as the physical, social,
and situational conditions under which products are consumed, has a strong effect on
how consumers perceive food and drink (Cardello and Meiselman 2018). In this
section, two types of contextual effects are discussed: contextual effects of the test
and consumption contexts.

Effect of Contextual Effects of the Test on Liking Measurements

Several contextual effects influence liking scores, including the number of samples,
stimulus range, contrast and frequency effects, end effects, centering biases, and
stimulus-spacing biases (Lim 2011). Many of these effects involve the external
frames created by other stimuli that are evaluated concurrently with a target stimulus
in a consumer test (Cardello 2017). For example, contrast effects imply that a target
stimulus is expected to show lower liking scores when evaluated after a better-liked
stimuli and to show higher liking scores when evaluated after a less-liked stimuli
(Zellner et al. 2006). This contrast effect has been demonstrated to be affected by the
frame of reference. According to Zellner et al. (2002, 2003), contrast effects can be
modified by adjusting the frame of reference. Contrast effects are expected to be
higher if all samples are regarded as representatives of the same product category
(e.g., fruit juices) or of different categories (e.g., fruit juice and fruit drinks).

Range and frequency effects imply that a target sample may be evaluated
differently depending upon the range of samples included in the set that is evaluated
(Lim 2011). Range effects imply that participants tend to subdivide the available
stimulus range into equal segments and assign them to subranges of the hedonic
scale, whereas frequency effects imply that the different subranges of the scale tend
to be used equally often. These effects are expected to increase with the number of
stimuli (Parducci and Wedell 1986).

The instructions of the test also influence consumers’ liking scores. If consumers
are not given a specific frame of reference for the evaluation, they may assume
different consideration sets, which may increase the noise in the data. Research has
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shown that instructing consumers to rate their liking within the frame of reference of
any food gives lower scores compared to when they perform the rating task consid-
ering foods like this as frame of reference (Cardello and Schutz 2007).

Effect of Consumption Context on Liking Measurements

Most research on consumer liking for food and drink is carried out in laboratory
settings (Meiselman 2013). Although this approach allows to control for extraneous
and confounding sources of variation, it lacks external validity as consumers do not
usually eat in individual sensory booths (Cardello and Meiselman 2018). According
to Lyman (1989), removing products from their habitual consumption context can
change the meaning consumers attach to them. For this reason, the absence of a
context can hinder consumers’ ability to give valid responses about how they
perceive products (Kdster 2003). In addition, the food that is served in the laboratory
usually differs from food served in natural settings in terms of several variables,
including portion size, food combinations, presentation, and the length of exposure
to the target product (Cardello and Meiselman 2018). In this sense, research has
shown that liking for food and drink can differ with context (Stelick and Dando
2018).

The need to increase the ecological validity of liking measurements has been
highlighted as a priority of the development of sensory and consumer science (Jaeger
et al. 2017). This has prompted the use of natural or pseudo-natural settings in
consumer studies, as well as the development of novel approaches to mimic specific
consumption contexts within the sensory booths (Jaeger and Porcherot 2017).
Considering the challenges associated with consumer testing under controlled con-
ditions in natural settings, the use of evoked, immersive, and virtual contexts has
become popular (Stelick and Dando 2018).

Consumption contexts can be evoked using written descriptions of situations
consumers are asked to image when testing a product in laboratory settings (Hersleth
2018). This can include specific situations (e.g., when wanting something refreshing
or while watching a movie) or each consumer description of their usual consumption
context or the last time they consumed the product. This approach is expected to help
consumers to mentally create a frame of reference for the evaluation, reducing the
artificiality of central location tests (Jaeger and Porcherot 2017). Research has shown
that evoked contexts can lead to differences in liking scores and discrimination (e.g.,
Hein et al. 2010, 2012; Hersleth et al. 2015). However, the modulation effect of
evoked contexts on liking is still unpredictable and not consistently demonstrated
(Stelick and Dando 2018).

Considering that consumers may not invest the cognitive effort required to
vividly imagine a consumption context (Kdster 2003), visual, auditory, tactile,
and/or olfactory stimuli have been used to create immersive contexts for product
testing. These contexts have been generated using video projections of natural
consumption situations in laboratory settings or virtual reality (Porcherot et al.
2018). These approaches can increase consumers’ motivation and interest in the
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study, increasing their ability to discriminate among samples (Bangcuyo et al. 2015).
However, immersive or virtual context can also diminish consumers’ attention on the
products, which can be detrimental for product discrimination (Sinesio et al. 2018).

Individual Differences in Liking

Liking for food and drink strongly differs between individuals due to perceptual and
socio-psychological differences (Tuorila 2007). For this reason, aggregated liking
measures may mask consumer heterogeneity and reduce the accuracy of the results
and, therefore, segmentation is strongly recommended to improve understanding of
consumer perception.

An example of the benefits of segmentation for gaining a deeper understanding of
consumer perception can be found in Oliveira et al. (2018), who studied consumer
perception of sugar-reduced fruit nectars. These authors reported no significant
differences between fruit nectars when liking data were analyzed at the aggregated
level. However, segmentation demonstrated the existence of two consumer groups
with opposite behavior: one of the segments increased their liking scores with sugar
reduction, whereas the other showed the exact opposite behavior.

A priori and a posteriori segmentation methods can be used (Nes et al. 2010). A
priori segmentation is based on the identification of consumer segments based on
consumer personal characteristics, such as gender, age, habits, attitudes, or psycho-
logical traits. Consumers with similar characteristics are grouped and their data are
analyzed separately. On the contrary, in a posteriori segmentation consumer seg-
ments are identified based on their liking data using cluster analysis. In this
approach, consumer characteristics are used to interpret the differences between
the groups. An in-depth discussion of clustering approaches for consumer liking can
be found in Berget (2018).

Conclusions and Recommendations

Liking for food and drink is highly relevant in both industrial and academic settings
and has been one of the central topic of sensory and consumer science for more than
80 years. The present chapter provides an overview of the most popular methodo-
logical approaches that are being used for measuring liking. All methods have
advantages and disadvantages and practitioners should select the most appropriate
method for answering the specific objectives of the study, taking into consideration
the characteristics of the samples and consumers.

Direct or explicit methods provide actionable information about the most/least
liked samples in a set, being particularly useful for most applications in the food
industry. Following the psychophysics tradition, measurement of liking has been
traditionally based on scaling. Hedonic scales are recommended when the degree of
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liking of individual samples is of interest. However, practitioners should be aware
that hedonic ratings are not absolute and depend on contextual effects created by
both the test instructions and the other samples included in the set. Although
different hedonic scales have been developed, research has shown that they all
provide similar results in terms of sample ranking. However, small differences
among scales have been reported in terms of sample discrimination. The LAM
scale may offer advantages over the 9-point hedonic scale in terms of ability to
discriminate among well-liked samples. Best-worst scaling is an alternative
approach for direct measurement of consumer liking. This method is useful when
only information about the relative preference among a group of samples is sought,
and has great potential particularly in cross-cultural research. However, its applica-
tion is not advisable for large sets of tasted samples, particularly if they are fatiguing.

Indirect methods are being increasingly used to obtain a deeper understanding of
liking. These methods open the possibility to evaluate unconscious aspects of liking
and are particularly useful for projects in which self-report bias needs to be avoided.
Although the popularity of these methods is expected to continue growing, it should
be acknowledged that the information they provide is less actionable, more difficult
to analyze and interpret, particularly in industrial settings, than that from direct
methods.

Liking measurements collected under laboratory settings are still the most
frequent methodological approach. Therefore, a strong need to increase the ecolog-
ical validity of these measurements exists and several approaches have been
proposed for this purpose. Evoked and immersive contexts are increasingly used
to take into account the consumption context in central location tests. Despite the
potential of these approaches, their effect on liking data does not seem to be
consistent and an in-depth understanding of the mechanisms underlying their effect
on consumer responses is still lacking to develop recommendations for best prac-
tice. In addition, the reaction after the first impression of a product may differ from
the hedonic reaction after a long exposure to the product in normal consumption
situations. In this sense, the development of methodological approaches that mea-
sure hedonic reactions to products under natural consumption conditions and after
long exposures is still necessary. Purchase decisions are usually made based on
recalled liking for products and not on the basis of immediate hedonic reactions to
tasted products.

In closing this section, it is important to acknowledge that liking is only one of the
components of reward. Although it is usually correlated with wanting, the motiva-
tional component of reward, it is not necessarily the case. Wanting has been
generally overlooked in sensory and consumer science and further research on this
component is needed. A deeper understanding of the distinction between liking and
wanting is particularly relevant in the wake of the increasing prevalence of over-
weight and obesity worldwide. In addition, there is also a need to broaden our
understanding of consumers’ perception of products and to include to a larger extent
other measures, such as emotional associations, perceived benefits, and perceived
wellbeing.
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Abstract

Whenever, wherever, and whatever we choose to eat and drink, one thing is for
sure, we will do so in an environment that has a certain atmosphere. And while
most consumers tend to feel that they are in charge of their own food and
beverage choices, a growing body of empirical evidence now supports the view
that the multisensory environments/atmospheres in which we consume influence
our eating and drinking behaviors to a greater extent than any of us probably
realize. In this chapter, key findings illustrating just how profoundly the auditory,
visual, olfactory, tactile, and multisensory attributes of the environment affect
human behavior are summarized and a number of the putative underlying mech-
anisms outlined. Atmospheric effects on choice behavior, product perception, and
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patterns of consumption are discussed. Furthermore, attention is drawn to the
palpable tension that exists currently between the sensory marketing approach to
atmospherics (that may be encouraging us all to consume more than perhaps we
should) and the emerging sensory nudging approach to modifying the environment
(in order to try and help bias us toward slightly less unhealthy food behaviors).

Keywords

Atmospherics - Eating - Drinking - Consumer behavior - Multisensory - Sensory
marketing - Sensory nudging

Introduction

There has long been a fascination with the impact of the atmosphere on consumer
perception and behavior, with much of the contemporary interest in this area being
stimulated by Kotler’s (1974) seminal early paper on “atmospherics.” In the years
since its publication, researchers have studied the impact of the visual, auditory,
olfactory, and even tactile aspects of the environment on various aspects of consumer
behavior around food and drink. Much of this research has tended to focus on the
effects of the atmosphere in diverse retail environments that include supermarkets,
smaller stores, bars, and restaurants (see Spence 2017a; Spence et al. 2014b, for
reviews). Ultimately, and perhaps worryingly, the suggestion is that atmospheric
cues may be influencing our consumption behavior (and not, it has to be said, in a
good way, at least as far as our waistlines are concerned). Understandably, the
practitioners (e.g., restaurateurs) have also been interested in how the atmosphere
in the spaces they manage can be used to influence sales (e.g., Anon 1965). On the
flip side, however, there is now growing interest in the question of whether (sensory)
nudges can also be used to help consumers eat and drink a little less and/or make
healthier food choices (e.g., Guthrie et al. 2015; Kroese et al. 2016; McKie 2017,
Campbell-Arvai et al. in press).

The majority of the empirical research that has been published to date on the topic
of atmospherics (what is sometimes referred to as “context” effects; Sester et al.
2013; Meiselman in preparation) has tended to focus on trying to demonstrate, and
thereafter to understand, the effects of varying just one sense at a time (perhaps
changing the color or brightness of the lighting, or else varying the ethnicity, or type,
of music playing in the background). More recently, however, researchers have also
started to investigate whether multisensory modifications of the environment may
exert a bigger effect than unisensory changes (Sester et al. 2013; Spence et al. 2014a;
Wansink and Van Ittersum 2012). The limited evidence that has been published to
date suggests that such combined multisensory atmospheric cues, at least when
congruent (Helmefalk and Hultén 2017), may indeed be even more effective in
biasing people’s behavior (than are unisensory manipulations). And while any
attempt to consider more than one atmospheric cue at a time undoubtedly constitutes
a more complex undertaking, ultimately there can be no doubting the fact that the
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consumer responds to, and is influenced by, the total multisensory experience
resulting from the combined influence of the various visual, auditory, olfactory,
and tactile aspects of the environment (Spence 2002).

At the outset here, it is important to stress that there are at least three different
stages (or ways) at which atmospheric (or contextual) cues influence the consumer’s
eating and drinking behavior: They may bias the food and drink choices that the
consumer makes; they may bias the perceived taste and flavor of food and drink, as
well as the consumer’s hedonic response to whatever they are consuming; and third,
atmospheric cues have also been shown to influence how quickly people eat and
drink (and possibly also how much they end-up consuming/spending).

Over the years, various mechanisms have been put forward in order to try and
help explain why it is that atmospheric cues influence us in quite the way that they
do: They may, for instance, prime a certain idea (e.g., Italian, French, or expense/
quality, as a function of the type of music playing) and by so doing bias consumer
behavior (Areni and Kim 1993; North et al. 1997, 1999); meanwhile, an emerging
body of empirical research now suggests that sensory (especially auditory) cues can
also change the perceived taste/flavor of food and drink (a phenomenon that goes by
the name of “sonic seasoning”; e.g., see Crisinel et al. 2012; Wang et al. 2017);
alternatively, however, atmospheric cues may induce a particular mood or emotion
(relaxed/aroused) that can, in turn, bias the consumer’s choices (e.g., Edwards et al.
2013; Gardner et al. 2014; Giboreau and Meiselman 2018; Leenders et al. 2016;
Meiselman 2016), not to mention their hedonic response upon tasting/consumption
(e.g., Kantono et al. 2015, 2016; see also Petit and Sieffermann 2007); There is also a
sense in which people’s behavior may, to a certain extent at least, be entrained to
atmospheric cues (i.e., consumers appear to end-up drinking and dining to the beat;
Milliman 1986); finally, atmospheric cues (such as desirable food aromas) have even
been shown to stimulate our hunger/desire to eat and drink more directly (Zoon et al.
2016; see Spence 2015a, for a review).

Early research showed that dishes were sometimes rated very differently as a
function of the particular environment in which they happened to be served (e.g.,
Bell et al. 1994; Edwards et al. 2003; Meiselman et al. 2000). So, for instance, the
very same food has been shown to be rated more highly when it is served in a 4-star
restaurant than when evaluated in a private boarding school dining hall, say
(Edwards et al. 2003). While such results clearly do, in a sense, demonstrate the
impact of the atmosphere on the tasting experience, such findings perhaps have less
to do with the specific sensory attributes of the environment than they do with
people’s expectations concerning the standard of food that one normally finds in
different kinds of eating establishment (see Spence 2017a). Hence, while such
findings are undoubtedly important/relevant, in this article, the focus will instead
be on the psychological effects of those atmospheric sensory cues that are not
necessarily associated with any specific kind of dining environment. At the other
extreme, low-level (literally) atmospheric cues including everything from the ambi-
ent humidity (e.g., Kuehn et al. 2008) through to any changes in air pressure
(Burdack-Freitag et al. 2011) have been shown to influence taste/flavor perception.
In fact, the profound changes in taste/flavor perception that are observed between the
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evaluation of food and drink on the ground versus when sampled up at 35,000 feet,
say, has attracted much comment/discussion (see Green and Butts 1945, for early
work; and Holthuysen et al. 2016, for more recent work). However, once again, such
physico-chemical effects will not be discussed here either (see Spence 2017b, for a
review). Instead, this review focuses squarely on the more psychological impact of
atmospheric cues on consumer behavior around food and drink.

Having outlined the relevant scope of the review, the next section summarizes the
evidence relevant to the atmospheric influence of each of our senses in turn (i.e.,
audition, vision, olfaction, touch, and finally taste), before turning to the few
multisensory studies of atmospherics that have been conducted (or, better said,
published) to date. One motivation underlying this review relates to the question
of whether we should all be worried about the potential influence of sensory
marketing to bias our behavior and perhaps make us consume more than is neces-
sarily good for us (some talk of obesogenic environments; Lieberman 2006; see also
Wansink 2004). On the other hand, though, if atmospheric cues really do influence
consumer behavior anything like as much as the sensory marketers would have us
believe then there may also be scope to use environmental cues to help nudge us all
toward more healthy/sustainable (both for us and for the planet) food choices in the
future.

Auditory Atmospheric Effects on Eating and Drinking

Auditory cues are among the most important as far as the study of atmospherics is
concerned. Note here only how it is normally so much easier to change the music
playing in a given environment than it is to change the color of the walls, say, or to
ensure an even distribution of ambient scent throughout a large retail space.
Certainly, the impact of auditory atmospheric cues is the easiest to study empir-
ically, and perhaps for this very reason there is simply far more research
concerning sonic context effects than there is for any other type (or modality) of
sensory intervention. Crucially, the majority of the evidence that has been
published to date demonstrates that auditory atmospheric cues do exert a signif-
icant influence over our food and beverage choices, our perception, and ulti-
mately, our consumption behavior (Lock et al. 2016). Furthermore, such effects
appear to occur no matter whether we (as consumers) are aware of them or not,
and mostly the evidence suggests that we do not believe that auditory atmospheric
cues influence us.

Type of Music
In their now classic study, North et al. (1997, 1999) demonstrated a marked reversal

in sales of French and German wine in a British supermarket as a function of whether
French accordion vs. German bierkeller music happened to be playing in the
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background. What is more, only six of the 44 consumers who agreed to be
questioned after leaving the tills thought that the atmospheric music had influenced
their purchasing behavior. This despite the fact that the till receipts told a very
different story. More recently, Zellner et al. (2017) demonstrated that people
(N = 275 students and faculty) given a choice of Spanish vs. Italian meals (seafood
paella vs. chicken parmesan; or other dishes) in a university canteen were signifi-
cantly more likely to choose the former dish when instrumental Spanish rather than
Italian music was playing (34% vs. 17%, respectively). Once again, the majority of
diners (82 out of 84) quizzed in this study denied that the background music had
influenced their meal choice. And while no effect of musical congruency on hedonic
responses to the chosen dish was reported (cf. Yeoh and North 2010, for some weak
evidence on this score), this latter null result may simply reflect the fact that (as the
authors themselves readily admit) the music was not especially audible in the dining
area. Other laboratory research, meanwhile, demonstrates that the type (or genre) of
background music can modulate flavor pleasantness and people’s overall impression
of food stimuli (Fiegel et al. 2014).

While not much hangs on the consumer’s choice of French vs. German wine in
the supermarket, or Spanish vs. Italian meal selection at the cafeteria, there is a
question here as to wonder whether there is not a danger that the global popularity
of North American pop music might not be subtly biasing people toward Amer-
ican fast-food offerings (which are not known for being especially healthy; see
Schlosser 2001; Spence 2012a). Were Mediterranean music to be more popular,
might not more of us be benefiting from the well-established health benefits of the
Mediterranean diet (e.g., Bonaccio et al. 2017)? While such a suggestion might
seem far-fetched, I do think it is, at the very least, worth considering. Of course,
one also needs to remember that not all of the foods we associate with the
Mediterranean, think only of pizza, pasta, salami, are necessarily particularly
healthy.

The available research also demonstrates the influence of classical music on
people’s behavior. In particular, classical (as compared to other styles of) music (e.
g., Top-40 type tracks) has been shown to result in people spending significantly
more on their food and drink purchases, in venues as diverse as a wine shop (Areni
and Kim 1993), the student cafeteria (North and Hargreaves 1998; North et al. 2016,
2003), and even in an African-themed restaurant (Wilson 2003). Specifically,
Wilson’s research showed that, on average, the 300 diners whose behavior was
assessed spent significantly more when classical, jazz, or popular music was played
than when there was easy-listening music, or else when the music was turned off.
The suggestion is that this style of music is associated in the mind of consumers with
notions of class, and so primes notions of quality/expense (that, in turn, leads to
increased spending; though see also de Wijk et al. 2018a, for a recent null result). At
the same time, however, it is important to bear in mind that classical music is
certainly not to everyone’s taste. According to a recent press report, one fast food
chain here in the UK has been experimenting with the broadcasting of classical
music as a means of deterring feral youths from lingering around the premises
(Taylor 2017)!
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Musical Tempo and Loudness

Several studies have demonstrated that a range of consumer behaviors are entrained
to the tempo of the background music (Roballey et al. 1985). So, for instance,
laboratory studies show that people drink faster when high tempo music is played.
Intriguingly, similar results have also been reported in restaurants (e.g., Bach and
Schaefer 1979; Caldwell and Hibbert 2002; Milliman 1986). In one of the largest
studies of its kind, Milliman reported a 30% increase in average dollar spend on the
bar tab among 1,400 diners when slow- (rather than fast-) tempo music was played,
the idea being that it encouraged them to linger for longer. That some food chains
really do control the flow of customers in this way is suggested by the following quote
from Chris Golub, the person responsible for selecting the music that plays in all 1,500
Chipotle branches in the USA: “The lunch and dinner rush have songs with higher
bpms because they need to keep the customers moving” (quoted in Suddath 2013).

Laboratory research has also demonstrated that increasing the loudness of the
background music may result in people drinking more (e.g., McCarron and Tierney
1989). Real-world studies confirm that people tend to drink more when the loudness
of the music is turned up (Guéguen et al. 2004, 2008). Interestingly, according to a
report that appeared in The New York Times, the Hard Rock Café chain plays loud
music because of the positive effect they believe that it has on sales. Just take the
following quote from the newspaper article itself: “/7T]/he Hard Rock Café had the
practice down to a science, ever since its founders realized that by playing loud, fast
music, patrons talked less, consumed more and left quickly, a technique documented
in the International Directory of Company Histories” (Buckley 2012). Meanwhile,
according to another report: “When music in a bar gets 22 per cent louder, patrons
drink 26 per cent faster” (Clynes 2012). That said, the most appropriate loudness
level for the music may depend on the style of restaurant or bar. So, for instance, the
80 diners in a study by Lammers (2003) spent around 15% more when quieter (as
opposed to louder) background classical or soft rock music was played. According to
the author, this result might reflect the fact that quieter music better matched the
“serene” atmosphere of the oceanside California restaurant than did the louder
music.

There is a growing groundswell of opinion out there suggesting that many
restaurants/bars in North America, the UK, Australia, and beyond are becoming
louder (e.g., McLaughlin 2010; Moir 2015; Sietsema 2008a, b). It should be noted,
though, that this is not solely due to the result of chefs/restaurateurs deciding that
loud music in the dining room is a good idea (Spence 2015b). Rather, part of the
blame should also be placed at the doors of those who believe that removing all those
sound-absorbing soft furnishings (curtains, cushions, and carpets) and replacing
them with hard reflective surfaces is a good idea (see Spence and Piqueras-Fiszman
2014). Of course, that being said, the sonic racket is sometimes used as a means of
deterring a certain section of the populace from drinking/dining there (Forsyth and
Cloonan 2008).

When the music or background sound level becomes too loud, it is classified as
“noise” (i.e., sound that is unpleasant), and this may negatively impact people’s



13 Atmospheric Effects on Eating and Drinking: A Review 263

perception of food and drink. For instance, loud noise (be it white noise or the sound
of the engines while flying) actually suppresses our ability to taste sweet and salt
while enhancing the perception of umami (Woods et al. 2011; Yan and Dando 2015).
Similarly, loud music also appears to interfere with people’s ability to determine the
alcohol content of drinks (Stafford et al. 2013, 2012; see also Pellegrino et al. 2015).
Given the evidence from studies of airline noise just mentioned, one might wonder
whether similar increases in sugar/salt might also be needed to make the food stand
up to the auditory atmospheric onslaught in overly loud restaurants? Hypothetically,
it might also be speculated that those cuisines that are naturally umami-forward
would do especially well in such noisy dining environments.

Sonic Seasoning

Recent empirical research has demonstrated that the sensory attributes of music
playing in the background can also influence taste/flavor perception via what has
come to be known as “sonic seasoning.” While much of this research has been
conducted in the laboratory and/or at experiential experimental events, the findings
have now been extended to the retail environment too. For instance, Wang et al.
(2017) recently demonstrated that when “spicy” music was played in a restaurant (in
Nashville, TN), diners rate a spicy salad as tasting significantly spicier than when
compared to putatively “sweet” music, white noise, or silence was presented instead.
Elsewhere, researchers have provided evidence to show that a range of other taste/
flavor attributes (including sour, creamy, bitter, and sweet) can also be modulated by
what we hear. Taking things one stage further, Blecken (2017) reports on a café in
China that plays high-pitched music all day long with the idea that it will help make
the cakes, pastries, and drinks taste a little sweeter, and by so doing allow the owners
to reduce the sugar content in their product. It is, though, a little harder to say
whether this is more marketing-led story than a serious long-term strategy to help
with the growing obesity crisis!

Interim Summary

Taken together, it can be seen that the results of a large number of studies published
in recent decades have demonstrated the profound impact of the auditory environ-
ment on people’s behavior around food and drink (see Spence 2012a; Spence and
Shankar 2010; Spence et al. 2011; Stroebele and de Castro 2004, for reviews). While
the majority of this research has been conducted in the setting of the science lab,
there is now a growing body of evidence suggesting that auditory cues also influence
the consumers’ perception of taste/flavor, as well as their food and drink behavior in
restaurants and bars too (see Spence 2017a, for a review). That being said, before
closing this section, it is worth noting that not every study has demonstrated a
significant effect of the background auditory atmosphere on people’s consumption
behavior (e.g., see Mamalaki et al. 2017; Peneau et al. 2009; Pettit 1958, for a few
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null results). It is also important to bear in mind that there may well be a “file drawer
problem” in this area, as in many other areas of science (e.g., Rosenthal 1979).
Namely, null results are far presumably far less likely to be published than are those
studies showing a significant impact of the atmosphere on people’s eating and
drinking. So, for instance, Mamalaki et al. reported recently that varying the
loudness of the background music (Smokey Bandits’ 2010 debut album played at
67 vs. 90 dB vs. no music) had no observable impact on people’s ad libatum
consumption at a buffet lunch in a carefully controlled crossover study conducted
in a laboratory study in Greece. That said, the number of participants was very low
(only 16 normal weight individuals and 10 obese participants were tested). Similarly,
in one of the earliest studies to have been published on auditory atmospherics, Pettit
(1958) reported that playing prerecorded restaurant noises had no effect on people’s
ratings of tomato juice.

Visual Atmospheric Effects on Eating and Drinking

The research that has been conducted to date in order to assess the impact of ambient
visual cues on eating and drinking has primarily focused on studies of the brightness
(Gal et al. 2007; Xu and Labroo 2014) and hue of the ambient lighting (e.g., Cho
et al. 2015; Spence et al. 2014a), on wall/fixture color schemes (Jacquier and
Giboreau 2012a, b; Robson 1990). Other researchers, meanwhile, have tried to
create a particular ethnic feel in a canteen restaurant by means of the use of
semantically meaningful visual cues — think Italian flags, red and white checkered
tablecloths, and wine bottles on the tables (Bell et al. 1994). In an unpublished
laboratory study, Gal et al. (2007) reported that those who liked strong coffee tended
to drink more under conditions where the ambient lighting was bright, while those
who preferred weaker coffee drank more under dim conditions. Meanwhile, Xu and
Labroo (2014) demonstrated that people tended to order significantly spicier chicken
wings under conditions where the ambient lighting was brighter. (Note that chicken
wings are ideal for this kind of research since they come in a wide range of spiciness
levels.) Interesting here is the suggestion that high-turnover restaurants like Hard
Rock Café and Planet Hollywood do not have windows to better control the ambient
light levels (Robson 1999; see also Lampi 1973).

Several studies have demonstrated that changing the hue of the ambient lighting
can influence people’s perception of the taste/flavor of wine (e.g., Oberfeld et al.
2009; Spence et al. 2014a). Elsewhere, researchers have reported that Scandinavian
men consume less breakfast under blue lighting than under regular white lighting
(Cho et al. 2015). As yet, however, it is unclear why the latter atmospheric manip-
ulation should only have influenced male participants. According to a number of
anecdotal reports, painting the walls Baker-Miller pink (which is close to bubble
gum pink) suppresses appetite (cf. Alter 2013; Ferrier 2017). However, there does
not appear to be any sound peer-reviewed scientific research to back up this
particular assertion. According to other research, yellow lighting increases people’s
appetites, whereas red and blue lighting decrease their motivation to eat (see Spence
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2017a, for a review). Furthermore, when the color of the food and of the ambient
lighting match, it appears to stimulate appetite, whereas complementary colors
suppress it (Suk et al. 2012; see also Robson 1999). Although variations in the
color of the walls are likely to be an important element of atmospherics, it is
somewhat harder to study (or rather, to manipulate, experimentally). That said,
there has not been so much published research concerning other visual cues either.

In one early study, though, Bell et al. (1994) were able to demonstrate that giving
a cafeteria an Italian theme (with Italian flags on the walls; wine bottles and red and
white checked table cloths on the tables) led to more customers choosing the Italian
option from those that were available. That said, the names of the dishes were also
changed so as to give them more of an Italian flavor. Hence, it is simply not possible
to determine the relative importance of these manipulations to the pattern of results
that were reported. In summary, then, while visual cues are likely very important in
terms of modulating the atmosphere, they have not been studied empirically any-
thing like as thoroughly as have auditory cues. That said, what evidence there is,
supports the view that visual atmospherics (be it is terms of lighting, wall color, and /
or decorations) does indeed influence people’s choice behavior, their flavor percep-
tion, and ultimately their consumption of food and drink.

Olfactory, Gustatory, and Tactile Atmospherics

The presence of ambient food aromas often influences people’s food and drink
choices (e.g., de Wijk et al. 2018b; De Wijk and Zijlstra 2012; see Spence 2015a,
for a review). Furthermore, there is plenty of anecdotal evidence to suggest that
companies have been strategically using ambient food-related scent in a variety of
retail contexts (Nassauer 2014). That said, it is important to stress the discrepancy
between the claims of some of those companies that provide the technical solutions
to help others release food aromas in various retail settings (and who would, for
example, have us believe that aroma release can have a really dramatic effect on
sales) and the much more modest effects that have been documented in well-
controlled peer-reviewed academic research. According to one company, for
instance, introducing a coffee scent at the service station apparently led to a 300%
increase in sales of coffee (see Spence 2015a, for a review). Meanwhile, research by
Leenders et al. (2016) documented that consumers spent more when there was a
fruity aroma in the air. Specifically, the 300 supermarket shoppers whose behavior
was assessed in this study ended-up spending 14% more when there was a melon
scent in the air as compared to a baseline no-scent condition. What is more, the more
intense the scent, the longer the shoppers stayed in store. This aroma intensity-
related behavioral response might then help to explain why de Wijk et al. (2018a)
observed no effect of the addition of congruent or incongruent scent versus no scent
in their Dutch supermarket study. For, as the authors of the latter study themselves
stated, they adjusted the intensity of the aroma release until it was barely noticeable
even by someone standing directly in front of the relevant display. Elsewhere,
Guéguen and Petr (2006) conducted a small study (N = 88 diners) in a pizzeria in
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Brittany, France. These marketing researchers demonstrated that the scent of laven-
der resulted in the customers staying longer and spending more than when a citrus
scent (or else no scent) was present. In this case, the suggestion was that the lavender
might have exerted its influence over diners by relaxing them.

In terms of gustatory atmospherics, there is not much to say other than to think about
how offering food and beverage product samples in store may provide an effective
means of encouraging exposure to a product or brand and hence increase purchase
likelihood (see Spence et al. 2014). One might also perhaps think about the growing
tendency to offer amuse bouche in high-end restaurants too (see Spence 2017a).

To date, there has been far less research on the tactile side of atmospherics.
However, it would seem reasonable to assume that changes in the ambient temper-
ature might well exert some influence over people’s eating and drinking behavior (e.
g., Gomez-Corona et al. 2017; Motoki et al. in press; Zwebner et al. 2014; see also
Brobeck 1948; Campbell-Arvai et al. in press; Stroebele and De Castro 2004). The
use of seating that is more or less comfortable to encourage consumers to linger or
not, as the case may be, has also been discussed (Robson 1999; Spence 2017a). It
may, of course, also be relevant here to consider interpersonal touch as part of tactile
atmospherics. There have, after all, been a number of studies of the “Midas Touch”
effect (see Gallace and Spence 2014, for a review). Specifically, people appear to
engage in more pro-social behaviors, to tip more generously, and be more likely to
go with the waiter’s suggestion if they have just been casually touched by another
person (Guéguen et al. 2007). What is more, there is evidence to suggest that being
touched by the waitress influences alcohol consumption too (Kaufman and Mahoney
1999; though cultural factors will undoubtedly play a role here; see Gallace and
Spence 2014, for a review). According to one press report, a number of CEOs
actually insist that their staff engage in more interpersonal touch in store. Just take
the following from one newspaper article concerning what happens whenever Pret a
Manger’s chief executive, Clive Schee, visits a branch: “the first thing he checks is
whether staff are touching one another, declaring: ‘I can almost predict sales on
body language alone’” (McDermott 2013). At the same time, however, it is impor-
tant to bear in mind that too much touch from other customers can be stressful in a
retail setting (Martin and Nuttall 2017). This is also likely to be true in those
environments where people eat and drink as well. In summary, then, olfactory,
tactile, and to a lesser extent gustatory atmospherics are an important part of the
total multisensory atmospheric offering.

Multisensory Contributions of the Atmosphere to Eating
and Drinking

As mentioned already, there have been fewer studies that have manipulated atmo-
spheric cues in two or more senses at one and the same time. That said, one
illustrative example of just how profoundly taste/flavor perception can be changed
by such interventions is illustrated by Velasco et al. (2013). These researchers
demonstrated that simply by changing the auditory, visual, and ambient olfactory
atmosphere in a somewhat caricatured manner (to create a grassy room, a sweet
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room, and a woody room) their participants (N = 500) rated a glass of whisky as
tasting 10-20% more grassy on the nose, sweeter on the palate, and/or textured on
the aftertaste as a function of the multisensory atmosphere in which the whisky was
rated. Meanwhile, in another study, Spence et al. (2014) combined red/green lighting
with sweet/sour sonic seasoning (i.e., music that had been specifically composed in
order to match a specific taste) in order to deliver a 15-20% change in the ratings of
over 3000 people who evaluated a glass of red wine served in a black tasting glass. And
while the majority of that effect could be put down to the change in the ambient lighting
(from red to green or vice versa), these researchers were able to show that adding
congruent music led to a significantly larger change in people’s rating of the drink.

Wansink and van Ittersum (2012) tested the impact of changing both the lighting
and music on diner behavior in a restaurant. There were two dining areas in
Hardee’s, a North American fast food restaurant. The lighting in one was set at its
normal bright level, the color scheme was also bright, and the background music was
loud. The other “fine dining” environment had a much more relaxed atmosphere
with pot plants, paintings on the wall, blinds on the windows, and indirect lighting.
The tables were covered with white-tablecloths and there were candles and soft jazz
instrumental ballads in the background. Those who ate in the more relaxed side of
the restaurant rated their meal as significantly more enjoyable, while at the same time
consuming less (their calorie intake was reduced by an average of more than 150
calories, or 18%). Sester et al. (2013) reported on a couple of studies showing that
they were able to bias which beer people chose at a bar by means of different
immersive audiovisual environments.

Finally, here, it is important to note (once again) that not everyone has demon-
strated an impact of multisensory atmospheric cues on the tasting experience. Jiang
et al. (2017), for instance, recently reported that changing the visual atmospherics in
a room (introducing flowers, pictures, and colored lighting) did not influence
people’s (N = 105 wine consumers) rating of a red wine. One atmospheric condition
had a floral theme, the other, a “green” theme, with the researchers wanting to know
whether they could bring out the floral or green notes in the three Cabernet
Sauvignon wines that the participants got to taste. Taken together, though, the
limited evidence published to date clearly supports the view that the multisensory
atmosphere can influence people’s taste/flavor perception, their choice behavior, and
even how much they end up consuming. When thinking about the design of
multisensory atmospherics, the aim is normally to try to ensure that the various
sensory cues converge on a particular feeling or mood (Spence 2002; cf. Helmefalk
and Hultén 2017). At the same time, however, it is also important to make sure that
the combined pattern of multisensory stimulation does not give rise to sensory
overload (Malhotra 1984; cf. Rupp 2014).

Sensory Marketing Versus Sensory Nudging
Before closing, it is worth drawing out the tension that can be seen to exist here

between the sensory marketing approach to the design of retail atmospherics and the
emerging sensory nudging approach to modifying the food environment/landscape.
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The stated aim of sensory marketing is, not to put too fine a point on it, to get
consumers to buy more “stuff” (e.g., Cooper 2013; Hilton 2015; Lipman 1990;
Stevens 1980). To the extent that such strategies are successful, they presumably
encourage many of us toward consuming (or at least purchasing) more food and
beverage products than perhaps we otherwise might. Intriguingly, one of the few
complaints resulting from the release of ambient scent occurred was when a cookie
aroma was emitted from bus shelters in California some years ago. The suggestion
was that this was insensitive to the homeless who often use such shelters for shelter
(Cuneo 2006). By contrast, the stated aim of sensory nudging is to try and help the
consumer toward making slightly less unhealthy food choices/behaviors. Achieving
that goal is not always as easy as one might wish. For example, Kroese et al. (2016)
reported that moving the fruit closer to the till in a supermarket food outlet did indeed
nudge customers toward buying more fruit than they otherwise would have done.
Unfortunately, however, the consumers also bought the same amount of the less
healthy foods as before, thus meaning that this particular nudge led to an increase in
the overall amount of food purchased. Not exactly the ideal outcome!

When thinking about the relation between sensory marketing and sensory nudg-
ing, it is also worth drawing attention to the fact that sensory marketers often argue
that their effects operate at a non-conscious level (see North et al. 1997, 1999;
Zellner et al. 2017, for evidence on this score). As such, the consumer may not be
aware that their perception/behavior is being affected and hence will, as a result,
presumably find it difficult to ignore such effects voluntarily (i.e., at will). By
contrast, time-and-again the proponents of nudging (be it of the choice architecture
or sensory variety) stress the “libertarian paternalism” underlying their approach
(Mathis and Tor 2016; Thaler and Sunstein 2008). Specifically, they want to
emphasize that their interventions are for the “greater good” and that they rely on
inertia on the part of the consumer/general public. But the key point to remember is
that they are said to operate at a conscious level and hence can be ignored or
overridden at will (i.e., it is not a matter of removing any choices or options, but
rather on making the default choice/behavior the easiest one).

While the majority of the commercial sensory marketing research would appear to
have been directed toward increasing sales, it is worth noting that modifying the
auditory atmosphere (e.g., by playing the sounds of the sea) has been shown to play a
potentially beneficial role in terms of improving the nutritional intake among older
patients (Ragneskog et al. 1996) and even psychiatric patients (Goddaer and Abraham
1994, p. 150). The suggestion in the latter case was that the music helped relax the
agitated patients and by so doing resulted in their consuming more. There is an
emerging literature on enhancing the multisensory design of hospital/care facilities
more generally, and part of that revolves around ensuring adequate nutrition through
environmental manipulations (see Spence 2017b). In this case, some of the techniques
would appear to come straight out of the sensory marketing textbooks but to have an
aim (enhancing people’s well-being) that is more in line with the principles underlying
the sensory nudging approach. Indeed, looking to the future, there may be a fruitful
interplay between marketing and nudging, using the most effectively techniques of
marketing to more effectively nudge the nutritional behavior of the consumer.
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Conclusions

Most people believe that they are in control of their eating and drinking behavior,
that they decide what to eat and drink and when, and that they choose when to stop.
However, the research that has been published over the last half a century or so
clearly demonstrates that atmospheric cues (no matter whether they are auditory,
visual, olfactory, tactile, gustatory, or multisensory) can exert a significant influence
over many aspects of our eating and drinking behavior. What is more, sometimes at
least they can do so without consumers having any awareness that their behavior has
been influenced (e.g., see North et al. 1997, 1999; Zellner et al. 2017). So, to the
extent that one believes in the power of the sensory marketing approach (see Spence
2015a, on this point), we should all perhaps be rather more concerned about the
potential danger of being encouraged, almost subliminally (Spence 2012b), to eat
and drink more than perhaps we should (cf. Spence et al. 2016). (Here, it is worth
noting that while much of the research on atmospherics has been conducted on
student populations (the so-called WEIRDo’s; Henrich et al. 2010) in laboratory
studies (and hence are of questionable real-world relevance), there are now a
growing number of studies demonstrating similar effects in naturalistic environ-
ments too.) On the flip side, however, there is also growing interest in the intelligent
modification of environmental sensory cues (not to mention the “choice architec-
ture” in those situations where food choices are salient) in order to try and nudge us
toward healthier food behaviors (e.g., Guthrie et al. 2015; Kroese et al. 2016; McKie
2017; Campbell-Arvai et al. in press). In the future, it will be interesting to see how
“the good and the bad” sides of multisensory atmospheric design play out. And no
matter how things turns out, one clear end result would appear to be that people
become more aware of the power of atmospheric effects to bias their eating and
drinking.
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Abstract

Eating plays a central role in many social activities, and there is ample evidence
to suggest that social context exerts a pervasive and powerful influence on
what, and how much, people eat. This chapter presents an overview of the
research on social influences on eating, with a specific focus on three main
areas. First, we present evidence that people tend to adapt their food choices
to those of other people, which is known as modelling. Second, we discuss
evidence that people use their eating behaviors to convey a favorable impression
of themselves to other people, which is known as impression management.
Third, we present evidence on the social facilitation of eating, which is the
tendency for people to eat more when eating with friends/family than they do
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when they eat alone. Throughout the chapter, we discuss the factors which may
moderate the strength of these social influences on food intake and consider the
mechanisms through which social influences affect eating.

Introduction

Eating is often a social activity. Sharing a meal with friends, family, or work
colleagues is common in many areas of the world including the USA, Europe, and
Thailand (Oh et al. 2014; Davidson and Gauthier 2010; Yiengprugsawan et al. 2015).
Indeed, some people would consider that a meal that is not shared is not really a meal
atall (Fischler 2011). Eating with others plays a role in reinforcing social connections,
and food choices can be used to communicate and express ourselves to others
(Murcott 1983). The social context in which we eat or make food choices also
influences what and how much we choose to consume. A large body of evidence
has now accumulated to suggest that other people influence our food intake and
choices in a variety of ways (Higgs and Thomas 2016). For example, there is a
general tendency for people to use others’ eating as a guide for what and how much to
eat, which is known as modelling. People also use their eating behavior to convey a
particular impression of themselves to others and may make particular food
choices because they think those choices will portray themselves in a favorable
light, which is known as impression management. Another example of how social
context affects eating is that when eating in a group of friends, people are likely to eat
more than they would if they ate alone, which is known as the social facilitation
of eating. The aim of this chapter is to present an overview of research into social
influences on eating. We consider the three main research areas of (1) modelling
of eating, (2) impression management, and (3) the social facilitation of eating.

Modelling of Eating Behaviors

The decisions that people make about what and how much to eat are influenced by
their perceptions of the choices of others. The tendency to adapt one’s behavior to
be similar to that of other people is known as modelling (Vartanian et al. 2013). It
has been suggested that modelling occurs because other people provide a guide as to
appropriate behavior (Herman et al. 2003). The appropriate behavior, or what is
known as a social norm, can be set by another present person (i.e., another person
present at the eating occasion), but may also be communicated by environmental
cues (e.g., portion sizes) or by the transmission of information about how other
people behave (e.g., messages/text describing the behavior of others). A robust
finding from studies conducted in controlled laboratory settings is that both adults
and children model the consumption of others. That is, they tend to consume more
when they eat with someone who is eating a large amount and /ess when they eat
with someone who is eating a small amount, compared with when they are eating
alone (e.g., Bevelander et al. 2012; Robinson et al. 2013; Salvy et al. 2008).



14 Social Influences on Eating 279

There is evidence from lab-based experimental studies that people also model the
food choices of others. A study of food choices at a buffet found that the choices
made by a confederate (a person known to the experimenter who was pretending to
be another participant in the study) influenced the food selection of participants who
observed these choices. Relative to a choosing-alone condition, and a condition
in which the confederate chose predominantly low-calorie food items, the presence
of a confederate who made high-calorie choices resulted in the participants choosing
and consuming significantly fewer low-calorie items (Robinson and Higgs 2013).
Conversely, choice of low-calorie vegetable items at a buffet was increased after
students who were low habitual consumers of vegetables were informed about the
relatively high vegetable consumption of other students (Robinson et al. 2014).
However, Pliner and Mann (2004) found that when the communicated norm was
consumption of a “healthy” bad tasting cookie, participants in a lab-based experi-
ment were not inclined to follow this norm and instead chose to consume an
“unhealthy” but good tasting cookie. These data suggest factors such as the palat-
ability of food may override the influence of social norms under some circumstances.
If someone is sure of what they like to eat, then that person may not look to others to
guide their own preferences.

Evidence from field studies supports the suggestion that people do model the food
choices of others outside of the laboratory. Teenage girls who shopped with a peer
who made high-calorie purchases were more likely to purchase high-calorie food
products relative to girls who shopped with a peer who made low-calorie choices
(Bevelander et al. 2011). Diners in a restaurant were more likely to make healthier
choices when they were provided with information about the healthy choices of
other diners in that restaurant (Mollen et al. 2013; Thomas et al. 2017; Collins et al.
2019). Christie and Chen (2018) reported recently that customers in a restaurant
modelled the main lunch choices of the person ahead of them in the lunch queue;
customers were more likely to choose a vegetarian option if the person in front of
them in the lunch queue chose that option.

Data from observational studies further support the idea that modelling of food
choices occurs in real-life social relationships. It has been noted that the diets of
socially connected individuals tend to be correlated and that people’s eating choices
are similar to the eating choices of those with whom they are socially connected (de
la Haye et al. 2013; Pachucki et al. 2011). For example, it has been reported that
women who dined more often with healthy eaters reported a higher diet quality than
women who shared meals more frequently with unhealthy-eating companions
(Métteli et al. 2017). In addition, it has been observed that food choices of married
couples tend to converge over time (Bove et al. 2003).

Why Model?

One reason why people model the eating behavior of others is because imitating
the behavior of another person serves to smooth the social interaction (Chartrand
and Bargh 1999). Humans have a strong desire to be liked and this goal may be
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achieved through modelling (Baumeister and Leary 1995). As the saying goes,
imitation is the sincerest form of flattery. The idea that people model the eating
behavior of another person in order to affiliate with that person is supported by
evidence that traits linked to the need for affiliation, such as self-esteem and
empathy, are associated with the tendency to model food intake (Robinson et al.
2011). In addition, modelling of eating behavior has been found to be particularly
pronounced in social situations that demand effort to affiliate (e.g., in a situation
in which the model is acting in an unsocial manner), relative to situations in
which there is less of a need to ingratiate oneself (e.g., when the model is already
acting in a friendly manner) (Hermans et al. 2009; Robinson et al. 2011). The results
of these studies are consistent with the idea that modelling is a means of gaining
acceptance from others (Higgs 2015).

Modelling also occurs because others provide information about what is the
“right” way to behave and people are generally motivated to behave in a way that
is “correct” (Deutsch and Gerard 1955). We know this because modelling can
occur in situations where the social norm is conveyed by information about how
other people have behaved rather than by another present person. In these
situations, modelling cannot promote affiliation or a sense of belonging, because
there is no other person present to impress. One type of study design that
examines how people behave when exposed to such “informational social
norms” is known as the remote confederate design. In these types of studies,
participants “accidentally” see fictitious accounts of the amount of food con-
sumed by previous participants in that study (e.g., see Feeney et al. 2011; Pliner
and Mann 2004; Roth et al. 2001). Amounts consumed by previous participants
in a study can also be communicated via cues such as empty food wrappers
(assumed to have been left by previous participants) or by text-based descriptive
norm messages conveying information about the eating behavior of others. In all
cases, there is evidence that people follow the norm provided. For example,
people are more likely to choose a “healthy” versus “unhealthy” food item if
they see evidence that previous participants have chosen “healthily” (Prinsen et
al. 2013), and they are more likely to choose a large amount of cookies to eat if
they see that other participants have done so and choose a small amount of
cookies if that is the norm in that situation (e.g., Robinson et al. 2013; see
Fig. 1). In these cases a likely explanation for the modelling observed is that
the normative information that is provided indicates the “right” way to behave
(e.g., Roth et al. 2001).

According to the normative account of modelling (Herman et al. 2003), people
are often motivated to eat as much palatable food as they can without appearing
greedy. In a social situation, the amount that one can eat without appearing to be
eating excessively is set by the amounts that other people are eating such that a
dining companion with a small appetite will result in a person eating very little,
whereas dining with someone who is eating a large amount gives a person license to
eat a large amount too. Data to support the normative account come from a study
which found that perceived norms of appropriate intake mediated the effects of
the social model on participants’ food intake (Vartanian et al. 2013).
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Factors that Affect Modelling

The results of two systematic reviews of a large collection of studies suggest
that modelling of eating behavior is not dependent on current hunger state, dieting
status, or familiarity with the model (Cruwys et al. 2015; Vartanian et al. 2015) (Fig. 2).
However, there are some circumstances under which modelling is less likely to occur. If
the model is from a social group that the participant does not feel a strong connection
with, or the model is perceived as dissimilar to the participant, then modelling is
reduced (McFerran et al. 2010; Stok et al. 2014; Cruwys et al. 2012; Liu and Higgs
2019). This is probably because the model is not thought to provide a relevant norm.
For example, when participants were told that the size of a portion served was based on
the behavior of group to which they did not belong, they were less likely to use that
portion size as a guide to appropriate consumption (Versluis and Papies 2016).

Modelling is also less likely in situations for which there are established eating
habits (Hermans et al. 2010; Leone et al. 2007). There is evidence that people are less
likely to model the breakfast consumption of others than they are to model snack intake
(Hermans et al. 2010; Leone et al. 2007). Many people have a clear idea about what
constitutes appropriate consumption at breakfast as it is an habitual behavior, but they
are perhaps less sure about what is “normal” when it comes to snack consumption and
so more likely to use the behavior of others to guide their own intake.

Mechanisms Underlying Modelling

The mechanisms underlying modelling have not been fully elucidated, but it is
possible that people directly mimic the behavior of others by copying their actions,
a tendency that may occur automatically and outside of conscious awareness
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Fig. 2 Forest plot of effect sizes for all studies included in the meta-analysis. For ease of
presentation, an average effect size is provided for each individual study. (Source: Reprinted
from Vartanian et al. 2015, with kind permission from Elsevier Science Ltd., The Boulevard,
Langford Lane, Kidlington OX5 1GB, UK)

(Chartrand and Bargh 1999). In support of this idea, it has been reported that co-
eaters coordinate their eating-related actions and take a sip of a drink or reach for
food immediately after a model performs the same behavior (Hermans et al. 2012;
Sharps et al. 2015). There may also be some explicit tracking of the consumption of
another person that facilitates modelling (Vartanian et al. 2013).
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Modelling may be facilitated by changes in preferences for food/drink items.
Bringing behavior in line with a norm has been reported to be a rewarding experi-
ence (Nook and Zaki 2015), and eating in the presence of someone else has been
shown to enhance the pleasure derived from eating (Boothby et al. 2014). If we are
told that our peers have a preference for a specific food, then we expect to like it
too (Robinson and Higgs 2012). These data suggest that modelling is a behavior
that is reinforced because it has positive consequences.

Impression Management

Impression management is when we behave in a particular way to convey a specific
impression of ourselves to others (Leary 1995). Impression management concerns
are usually highest when we are interacting with people whom we do not know very
well, and in these situations we are usually motivated to present ourselves in a
positive light (Baumeister and Leary 1995). One way in which we can manage the
impression we give to others is via the decisions we make about what and how much
to eat (Vartanian et al. 2007). This is because we hold shared assumptions with others
about the characteristics that are associated with people who make certain consump-
tion choices. These assumptions are known as consumption stereotypes. We tend to
make judgments about others based on these stereotypes, but we also use them to
manage others’ perceptions of ourselves (Vartanian et al. 2015). For example, we
may choose to eat a salad over a pizza in some social situations because we know
that eating the salad will convey something to those around us about our personality.
Interestingly, even children have been found to judge others based on their food
choices and to make negative judgments about people who deviate from conven-
tional eating habits (DelJesus et al. 2019).

Consumption Stereotypes

There is ample evidence that certain foods and food choices are associated with
specific characteristics, particularly attributes associated with gender. For example,
meat eating is associated consistently with masculinity (Rozin et al. 2012;
Rothgerber 2013), whereas meat avoidance and consumption of vegetables, salad,
fish, and sweet foods are associated with femininity (Cavazza et al. 2015; Jensen and
Holm 1999; Rothgerber 2013; Ruby and Heine 2011). In general, eating “good/
healthy” foods is seen as feminine, and eating “bad/unhealthy” foods is seen as
masculine. Men who ate “bad” foods (i.e., high-calorie foods thought to be bad for
health) were rated as more masculine (and less feminine) than were men who ate
“good” foods (i.e., low-calorie foods thought to be good for health) (Stein and
Nemeroff 1995). Consumption of low-fat foods is seen as more feminine and less
masculine than is eating high-fat foods (Barker et al. 1999). This may be because
people automatically think of foods as either feminine or masculine and attribute
these characteristics to the eater (Kimura et al. 2009). Similarly, consumption of
“good” foods may result in the eater being perceived as having a “good” character.
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People who eat “good” foods are perceived as being “better” people than are those
who eat “bad” foods: they are rated as more attractive, healthier, more moral, and
more intelligent than are consumers of “bad” foods (Stein and Nemeroff 1995).
On the other hand, consumers of “good” foods are also judged as more serious
and less likable (Barker et al. 1999), whereas consumers of “bad foods” are per-
ceived to be fun-loving, happy, and sociable (Barker et al. 1999).

People also hold stereotypes about the characteristics associated with eating
small versus large amounts of food. Eating a large portion is associated with
masculinity and eating small portion is associated with femininity (Bock and
Kanarek 1995). Women who eat small meals are rated as more attractive than
are women who are depicted eating large meals (Chaiken and Pliner 1987; Bock
and Kanarek 1995).

Do Consumption Stereotypes Guide Behavior?

The majority of studies on eating and impression management have focused on
the consumption stereotypes that people hold rather than investigating whether
these consumption stereotypes actually explain eating choices. However, some
studies have found that women tend to eat lightly in the company of men, and this
may be motivated by attempts to portray an impression of femininity and behave
in a socially desirable manner (e.g. Pliner and Chaiken 1990; see Table 1).
Cavazza and colleagues (Cavazza et al. 2015) reported that women’s intentions
to consume particular dishes were influenced by the perception of the dish as
feminine or masculine: women reported that they intended to consume a small
portion of salad when it was elegantly presented, because they perceived it to be
more feminine. There is also evidence that the food choices made by men may be
motivated by impression management under some circumstances (White and Dahl
2006; Gal and Wilkie 2010). In one study, participants were asked to imagine that

Table 1 Mean cracker consumption as a function of participant sex and partner sex. Females but
not males ate less in the presence of a desirable partner than in any other conditions. (Source:
Reprinted from Pliner and Chaiken 1990, with kind permission from Elsevier Science Ltd., The
Boulevard, Langford Lane, Kidlington OX5 1GB, UK)

Male subjects

High desirability Low desirability Combined
Sex of partner Male 12.5(11) 17.3(14) 15.2(25)
Female 14.3(15) 12.4(9) 13.6(24)
Female subjects
High desirability Low desirability Combined
Sex of partner Male 8.8(10) 12.1(14) 10.7(24)
Female 12.5(13) 14.0(10) 13.2(23)

Note. Amounts are expressed in terms of number of crackers. N’s are in parentheses
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they had been in workshops all day as part of a training course and that they were
planning to order from the room service menu for dinner. To encourage choice of a
small steak, the participants were told: “You aren’t feeling too hungry because you
had a late lunch; however, you are tempted to select steak for dinner.” They were
then asked to select from a hypothetical menu and to evaluate each menu option.
Men were less likely to choose a small steak (versus a large steak) when it was
described as a ladies’ cut than when it was described as a chef’s cut, but only when
they thought they would be eating the steak in public and not when they thought
they would be consuming it in private, which suggests that their choice was
motivated by the effects they thought their choice would have on others (White
and Dahl 2006). In another study, men who had their masculine identity chal-
lenged as part of the study were less likely to choose stereotypically feminine
foods, compared with those who had their masculine identity affirmed, perhaps
because they were motivated to counter the challenge to their identity using their
food choices (Gal and Wilkie 2010).

Social Facilitation of Eating

The mere presence of other people at a meal can result in increased food intake
relative to eating alone, which is known as the social facilitation of eating. The first
studies that documented the social facilitation of eating were food diary studies that
involved participants recording what and how much they ate over 7 days and with
whom they ate (de Castro and Brewer 1992; de Castro and de Castro 1989). It was a
surprise to the researchers that one of the most significant influences on food intake
was the social context in which people said they ate: people reported eating much
more food when they ate in company than when they ate alone. Social facilitation
appears to occur at all meal types including breakfast, snacks, meals eaten at home,
and meals eaten without alcohol (de Castro 1991). Social facilitation also occurs
for meals eaten at the weekends and weekdays. These findings are particularly
interesting because they suggest social facilitation of eating is not an artifact that
arises because people eat more, and are more likely to eat with others, during certain
meals/eating occasions, e.g., meals taken at the weekends or meals taken with
alcohol (de Castro 1991).

The conclusions based on the data from diary studies have been corroborated
by results obtained from studies examining social facilitation within laboratory
and field settings. For example, Berry et al. (Berry et al. 1985) found that participants
ate much more ice cream in three- or four-person groups than when alone. Similarly,
Klesges et al. (1984) found that people dining out in a restaurant ate more in groups
than when eating alone. Evidence to support the suggestion that eating in a group
facilitates intake comes from numerous studies employing different methodological
approaches (see Herman (2015) for a review). However, it is important to note
that social facilitation of eating is confined to meals that involve friends/family
(see Fig. 3).
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Fig. 3 Mean (& SEM) amounts (kcal) ingested per meal of carbohydrate (solid portion of each
bar), fat (crosshatched portion), protein (hatched upward), and alcohol (hatched downward) for
meals eaten with a particular companion type (first bar of each set of three), with others but not that
companion type present (second bar of each set of three), and alone (third bar). The above the bar
indicates a significant difference (P < 0.05) between the total meal sizes as assessed with a -test.
The above the first bar signifies the “with companion-with other” comparison, above the second bar
signifies the “with other-alone” comparison, and above the third bar signifies the “with companion-
alone” comparison. (Source: Reprinted from Physiol. Behav., 56(3), J.M. de Castro, Family and
friends produce greater social facilitation of food intake than other comparisons, 445-455, 1994,
with kind permission from Elsevier Science Ltd., The Boulevard, Langford Lane, Kidlington OX5
1GB, UK)

When Does Social Facilitation of Eating Occur?

Social facilitation of eating appears to occur only in groups of people who are known
to each other (de Castro 1994). When people eat in a group of strangers, they may
actually eat less than they would if they were eating alone (e.g., Hetherington et al.
2006; Péneau et al. 2009). When eating in a group of strangers, some people may
restrain their intake to convey a positive impression (and avoid appearing “greedy”),
and this tendency to restrain may be the overriding factor affecting total intake.
In other words, social facilitation of eating in this context is trumped by impression
management concerns (Herman 2015). Impression management concerns, and in
particular, concerns about the stigma associated with appearing to eat excessively,
might also explain why people with obesity have been observed to consume fewer
calories in a group than when dining alone (Krantz 1979; Schiiz et al. 2017).
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Similarly, an observational study found that, unlike males, female diners eating in
larger mixed-sex groups did not eat more than those eating in same-sex pairs
(Brindal et al. 2015). This may be because they are restricting their intake to convey
a feminine impression (Pliner and Chaiken 1990).

Why Does Eating in a Group Facilitate Consumption?

Several explanations for the social facilitation of eating have been forwarded, but
to date few studies have formally examined the underlying mechanisms. One
explanation that has been suggested is that social meals are longer than are solo
meals and this extended meal duration provides greater opportunity for eating (e.g.,
Feunekes et al. 1995; Pliner et al. 2006). However, this explanation does not account
for the fact that, in order for people to eat more, there is probably more food available
at social meals. Indeed, given that most people tend to clear their plates (Hinton et al.
2013), it is unlikely that lone eaters serve themselves (or order) the same amount of
food as social eaters, but do not finish all of their portion. A more likely explanation
is that people anticipate that they will eat more at social meals, and so they plan
to provide more food or order more food when they know they will be eating socially
(Herman 2015). In support of this idea, Cavazza et al. (2011) observed that cus-
tomers in a restaurant ordered more dishes as the number of people in the party
increased. In other words, more food was made available for consumption in larger
versus smaller groups. However, this social “precilitation” hypothesis remains to
be investigated experimentally.

Another explanation of the social facilitation of eating that has yet to be formally
tested is that social context affects eating via its effects on hunger, satiety, or food
reward. For example, social facilitation may be due to an increased “liking” for foods
eaten socially. This is supported by evidence that eating in company enhances food
palatability (Boothby et al. 2014). Furthermore, social interaction during social
meals may distract people from monitoring how much they are eating or their
awareness of internal cues that might inhibit eating. Indeed, one study found that
people spent longer looking away from their meal and ate more food, when eating
with a friend, relative to when eating alone (Hetherington et al. 2006). Another
possibility is that meals eaten alone are smaller than are social meals because eating
alone is not as enjoyable as eating with company. However, there is only indirect
evidence in support of this assumption. de Castro (1990) found that people were
generally happier when eating with others than when eating alone, but his analysis
found that mood and the number of people present contributed independently to
variance in intake.

Conclusions

Social context plays an important role in determining what, and how much, we eat.
Research has highlighted the tendency for people to model their food intake on the
consumption patterns of other people, to eat more when with friends/family relative
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to when alone, and to use food to convey positive impressions to others. While the
relative contribution of each of these factors varies across individuals and situations,
together they exert a pervasive and powerful influence on food intake.
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inhibition of appetite post-ingestion. Likewise, our desire to eat decreases during
a meal, and the processes which lead to that reduction are referred to as satiation.
Simplistic models have traditionally interpreted satiation and satiety simply as a
function of ingested nutrients. However, there is now an abundance of evidence
that both satiation and satiety are influenced by multiple factors, including beliefs
and information about products prior to ingestion, the specific sensory character-
istics of the product experienced during ingestion, and the volume, weight,
macronutrient profile, and energy density of the consumed product and the social
context in which food is ingested. Thus satiation and satiety are viewed as the
product of a cascade of signals which interact to generate the overall satiety state.
Expectations about how filling a product will be modifies portion size selection
and influences subsequent satiety. Sensory cues such as oral processing time and
flavor intensity modify satiation, while liking for the consumed product, but not
unrelated products, decreases. Once ingested, gut-based signals, including the
release of satiety hormones stimulated by nutrient sensing, interact with cognitive
and sensory cues from ingestion to produce satiety. But how much individuals
respond to these cues varies, with weak satiety responsiveness a risk for subse-
quent weight gain. Overall, satiation and satiety are highly complex phenomena,
but our increased understanding of this complexity paves the way for the food
products of the future.

Introduction

Why and when we initiate and end a particular eating episode involves highly
complex processes, yet the outcome of decisions about what, when, and, critically,
how much we eat ultimately determines our overall intake. Satiety, the state
of inhibition of our desire to eat in the period after ingestion, is one of the key
motivational processes controlling the amount we consume. Behaviorally, the
importance of satiety can be seen in the patterning of meals, where consumption
of large meals may be followed by longer intervals before eating again and/or
subsequent smaller meals, although it is important to recognize that satiety is just
one of the many factors underlying decisions on what, when, and how much to eat
(de Castro 2013). This chapter sets out to summarize our current understanding of
satiety from a sensory, psychological, and physiological perspective.

Defining Satiety

Satiety has been an important concept underpinning theoretical models of appetite
control for as long as researchers have tried to explain what makes us start and stop
eating. The idea that the brain has separate “centers” for hunger and satiety (Stellar
1954) was one of the most influential neural models of appetite control, and although
neural models of satiety have moved away from the concept of a “center” per se to a
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more complex and detailed neural network approaches involving feedback and
feedforward processes (see Andermann and Lowell 2017; Berthoud 2011), the
basic premise of a key role for satiety in determining overall intake is enduring.
Surprisingly, however, the precise definition of satiety is subject to debate. Even
dictionaries struggle to give a consistent definition: Webster’s defines satiety as the
quality or state of being fed or gratified to or beyond capacity (Satiety 2006); the
Cambridge English gives a broader definition of “the state of being completely
satisfied, especially with food or pleasure, so that you could not have any more”
(Satiety 2012); and Oxford English defines satiety as the “feeling or state of being
sated” (Satiety 2012), a definition which requires an understanding of “sated” and
which is close to a circular argument! What these attempts have in common is that
satiety represents a markedly reduced desire to eat, in contrast to hunger, the desire to
eat. But the subtle differences in meaning reflect considerable confusion in the lay
and scientific literature about the nature of satiety, probably arising from the inherent
complexity of the factors that are involved in the suppression of appetite. The current
separation of the processes leading to meal termination (satiation) and the inhibition
of appetite post-ingestion (satiety) was largely founded in the detailed analysis of
animal feeding patterns (Le Magnen 1971). Both satiation and satiety are now
recognized to reflect a multitude of influences arising from cognitive, sensory,
post-ingestive, and postabsorptive signals arising as the stimuli from the ingested
food are detected at various stages of the ingestive process, from the first sight of
food to the final stages of processing of the ingested nutrients (Bellisle and Blundell
2013). It is probably this complexity that has made satiety such a debated phenom-
enon, but the current consensus suggests satiety is best defined as the suppression of
appetite after the termination of ingestion, with satiation defined as the processes
leading to the cessation of ingestion.

The Satiety Cascade

Although a lay interpretation of satiety might be that it reflects our awareness of
the presence of ingested nutrients in our gut (i.e., our awareness of a state of “being
full”), a plethora of data argue against such a simplistic model. The multifactorial
nature of satiation and satiety was captured eclegantly by John Blundell and
colleagues (1987) over 25 years ago. Their initial “satiety cascade” model has
subsequently been refined as more has been learned about the signals that modify
satiety into a widely cited descriptive account of the multiple factors that interact to
generate satiety (Fig. 1) and has been the subject of several more recent reviews
(Blundell 2010; Tremblay and Bellisle 2015), which provide more detailed descrip-
tions. Blundell and colleagues highlighted that even before food arrived in the gut,
cognitive and sensory signals generated by the sight and smell of food, and by the
sensory experience of food in the oral cavity, influenced not only how much was
eaten at that eating episode (moderating satiation) but also afterwards (influencing
satiety). In their descriptive model, satiety then is the sum of the effects of sensed
signals from ingestion which suppress appetite. This approach further recognized
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Fig. 1 The satiety cascade. (Blundell 1995)

that satiety does not reflect an absolute state of inhibition over eating, evincing the
common experience that even when feeling “full” after eating a large meal, it
remains hard to resist a particularly tasty morsel.

Measuring Satiation and Satiety

How satiation and satiety can be measured in humans has been the subject of
a detailed recent review (Forde 2018). In studies with humans, satiation is indexed
in some way by measuring behavior during an eating episode. Since satiation is
defined as the process leading to the cessation of eating, the amount of food
consumed at a particular eating episode can be used to infer satiation. For example,
if we contrasted intake of two or more products differing on a dimension that
theoretically might relate to the processes that generate satiety (example might
include the overall energy density of the product or the relative amount of protein
or fiber it contains, etc.), and people voluntarily consumed less of the version
that contained more of the component predicted to impact satiety, we could interpret
that as support for the role of the manipulated component on satiation. In practice,
however, changing the level of any ingredient that might impact satiation may also
alter other features of the product which in itself might impact intake. The biggest
potential confound is palatability: people reliably consume more of products that
they find more palatable (Yeomans et al. 2004). How then to dissociate whether
altered meal size is due to altered satiation or palatability? One approach has been to
incorporate more detailed behavioral measures, such as the rate of eating, bite size,
and the intensity of self-reported measures of appetite collected within that meal
(Yeomans 2018). These measures allow further inferences about the mechanisms
that drive satiation, allowing satiation to be separated from other influences, such as
the enhancement of appetite by palatability. Typically, altering palatability modifies
the initial increase in appetite when food is first tasted, whereas satiation is reflected
more in the rate at which appetite declines as a meal progresses, and these effects are
behaviorally dissociable.
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The assessment of satiety also involves measuring appetite and food intake, but
now this is in the period after a particular ingestive episode. The general study design
used here is widely described as a “preload” experiment, with the impact of a fixed
amount of one food (the preload) measured by assessing appetite in the period after
ingestion. By altering different aspects of the test preload (e.g., macronutrient
profile, caloric content, energy density, sensory characteristics, labelled information,
etc.), it is possible to explore how different features of that product influence satiety.
After the preload has been ingested, satiety can be inferred by the suppression of
appetite, relative to an appropriate control, in the period immediately after preload.
Appetite ratings have been used widely to assess satiety, and the questions which
should be asked are standardized to allow clearer comparisons between studies
(Blundell et al. 2010). However, while measures of the subjective experience of
satiety have value, the extent to which manipulation of the features of the fixed test
preload alters subsequent intake at an ad libitum test meal or meals arguably pro-
vides a more objective measure of the likely impact of that manipulation on energy
balance. The satiety preload design is one of the most widely used experimental
approaches to the study of satiety.

To give some idea of the degree to which different versions of a product generate
satiety, the relative reduction in ad libitum intake at a test meal relative to a control
can be converted into a measure of compensatory eating or satiating efficiency
(Kissileff et al. 1984). As an example, consider how much might be eaten at a test
meal consumed 2 h after a preload which contained 100 kcal on the first day and
300 keal on second day. If on average the test meal was 200 kcal smaller on the day
the 300 kcal preload had been consumed, the inference is that the level of satiety that
preload had induced was sufficient to allow the consumer to fully compensate for the
extra preload energy by adjusting their intake by the exact amount of energy needed
to maintain a perfect energy balance. Many studies use a simple equation (the
“satiety quotient”) to calculate the percentage compensation seen with different
foods (Green et al. 1997), and these values in turn can offer insights into the extent
that different nutrients, etc. generate short-term satiety signals. Perfect (100%) short-
term compensation is rarely seen. A systematic review of 256 studies using the
preload method (Almiron-Roig et al. 2013) found an average (median) of only 62%
of preload energy compensated for, but the range of outcomes in those studies varied
from —370% (undercompensation) to 450% (overcompensation). Thus, short-term
compensation is highly variable and affected by numerous factors including the time
between the preload and test meal, the form (solid, liquid, etc.) of the preload, and
numerous individual difference factors. These variations in turn provide further
insights into the factors that drive the experience of satiety.

As food progressively enters the digestive system, the detected nutrients trigger
the release of a cascade of chemicals from various cells, many of which are the key
enzymes which help break down the ingested nutrients into the form the body needs
for processing and storage. Among these chemicals are specific hormones which
have been demonstrated to play roles in the gut-based signalling of satiety: chole-
cystokinin (CCK), glucagon-like peptide 1 (GLP), pancreatic polypeptide (PP), and
peptide YY (PYY) have all been demonstrated to involved in satiety signalling
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(Zanchi et al. 2017). Our current understanding of the role of these key satiety
hormones is discussed later, but the measurement of the circulating levels of these
hormones post-ingestion can be useful adjunct measures of satiety, although they
cannot be seen as a substitute for behavioral measures (de Graaf et al. 2004).

The Need for Multiple Measures to Assess Satiation and Satiety

Because of their multifactorial and subjective nature, no single measure of behavior
or physiology can in itself fully capture satiation or satiety, and so most studies use
multiple measures. For example, if we relied solely on food intake as a measure, it is
possible that a particular manipulation could cause people to eat less not by enhanc-
ing the state of satiety, but by producing other effects which indirectly cause people
to eat less, such as inducing nausea. This problem is highlighted in Fig. 2: here two
manipulations had almost identical effects on food intake but through different
mechanisms. The first manipulation (Fig. 2a) altered the sensory appeal of the
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Fig. 2 The effects of manipulating salt content (panels a and ¢) or preloading with high- or low-
energy soup (panels b and d) on intake and the rated experience of appetite within a meal
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food by modifying salt content, while the second had the same food consumed after
either a low- or high-energy soup preload (Fig. 2b: Yeomans et al. 1998). Analysis of
the pattern of change in rated appetite within these meals clearly shows different
causes for the reductions in intake: when salt content was altered (Fig. 2¢), the rated
hunger was the same at the onset of eating but increased during the early phase of the
meal with the more liked food. In contrast, consumption of a higher-energy
soup preload 30 min before the meal resulted in lower hunger at the start of the
meal (Fig. 2d), which can be interpreted as satiety. The key point is that manipula-
tions that reduce food intake need to be interpreted with some caution to exclude
extraneous causes if we are to truly understand the key drivers of satiety.

Understanding Satiation

What factors ultimately determine the size of an eating event? The widespread
lay belief is that meal size is the direct consequence of the accumulation of food
in our stomach as we eat: these cues make us feel full and so cause us to stop eating.
But in practice, cues from the gut are likely to play a minor role only in determining
how much we consume at most meals. How little impact postoral cues have on
immediate meal size is illustrated in Fig. 3. These data came from a study where
healthy volunteers ate ad libitum, while at the same time, different amounts of soup
varying in energy density and volume were infused into their stomach: either a small
(150 ml) or large (450 ml) volume of soup with lower (1.4 kJ/ml) or higher (4.2 kJ/

Dispelling a satiation myth:
Post-ingestive cues have little impact on meal size
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Fig. 3 The effects of intragastric infusions of soup varying in volume and energy density on
voluntary intake (red bars) and total energy consumption (blue bars) for a lunchtime meal
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ml) energy density (Yeomans 2010). The amount of food consumed was virtually
unaffected by these infusions, even though actual energy intake (the sum of food
consumed and soup infused) more than doubled from 343 kcal to 702 kcal. One
obvious suggestion might be that participants used the served portion as the cue to
determine intake, but while portion size is a strong predictor of intake in general, the
procedure used in this study prevented participants having an empty bowl. These
data and others show that feedback from detection of ingested nutrients probably
only contributes to satiation for very large meals, and the general consensus is that
normal meal size in humans is determined by a combination of pre-planning, portion
size, sensory factors, oral metering, and cues from the social context.

Expected Satiation and Satiety

One of the key cognitive factors now known to influence meal size is the expectations
that the consumer has about the product prior to ingestion, which are used to
plan the appropriate portion to consume. These expectations have been separated
between the expectation of how full the consumer will feel immediately after product
ingestion (expected satiation) and the extent to which ingestion will suppress
their appetite after a product has been consumed (expected satiety). These expecta-
tions are activated by the visual appearance of foods, and perceived volume and
variety are some of the visual cues now known to influence these expectations
(Brunstrom et al. 2010; Keenan et al. 2015). Likewise, these expectations can be
modified by the weight of the serving vessel (Piqueras-Fiszman and Spence 2012),
showing that these cognitive components of satiety are malleable beyond the nature of
the food itself. But the key food-related factors that drive these expectations include
flavor characteristics like creaminess, oral processing time, and the overall protein
content and energy density of the product (Forde et al. 2013; McCrickerd et al. 2015).

Both expected satiation and satiety have been shown to modify self-determined
portion size (Brunstrom 2011; Forde et al. 2015). Once the portion has been selected,
the typical consumer habit is to eat that portion in full: one study found that 91% of
meals were consumed in their entirety, and how much was consumed was pre-
planned in 92% of cases (Fay et al. 2011). This habit of plate-clearing is likely to
explain why people reliably consume more when served larger portions, but the
work on expectations also suggests that where the consumer has control of portion
size, these expectations can promote appropriate choices.

Satiety-related expectations are a product of the knowledge consumers have
about the effects that different foods and drinks are likely to have on their personal
experience of satiety (Brunstrom 2011): critically, the mismatch between measures
of expected satiety and actual energy content of foods is greater when foods are
unfamiliar. Interestingly, evidence suggests that in general we overestimate how
filling a novel product will be and then adjust these expectations through a learning
process that aligns the expectations more closely with actual nutrient content
(Yeomans et al. 2014). In this way, expectations become an important cognitive
component of our nutrient regulation.
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Sensory-Specific Satiety

In relation to sensory influences on satiation, an important early observation was that
although the desire for the specific sensory characteristics of the food being eaten
decreases to a point where ingestion stops, other foods with different sensory
characteristics retain the ability to stimulate further intake (Rolls 1986), a phenom-
enon defined as sensory-specific satiety (SSS: see Hetherington and Havermans
2013). SSS as a phenomenon further highlights the importance of sensory control
of ingestion: if consumption ended through a generalized inhibition of appetite (as
satiety is commonly conceived), then the nature of the food on offer should have
little influence. SSS is expressed at the level of sensory characteristics: thus, SSS for
a consumed savory food generalizes to other savory items, but sweet items are
largely unaffected. In this way, SSS promotes dietary variety and also explains the
tendency in human cuisine to serve contrasting courses of food within a meal. The
traditional explanation for SSS was that it is a form of habituation to the effects of the
sensory characteristics of the food being ingested on appetite, although more recent
studies suggest that a simple habituation model is inadequate and SSS may be better
characterized as satiation to the sensory characteristics of the ingested food
(Hetherington and Havermans 2013).

Specific Sensory Drivers of Satiation

Whereas SSS reflects a broader process of progressive reduction of interest in the
sensory characteristics of the food being ingested, another evidence suggests that
certain aspects of those sensory characteristics can result in faster or slower satiation,
implying a more direct role for some sensory characteristics in satiation. In partic-
ular, texture cues have been shown to be important in satiation (James 2018) and in
particular that more solid items lead to earlier meal termination than do more liquid
items across a wide range of food products (Tucker and Mattes 2013). The critical
factor underlying this effect appears to be oro-sensory exposure time (de Graaf
2012), defined as the degree of contact time of the ingested food with the key
sensory systems (taste, touch, etc.) in the oral cavity. According to this theory,
solid foods require greater oral processing and so lead to greater overall stimulation
of the oral sensory systems that perceive flavor and texture. This enhanced oro-
sensory exposure could then lead to more rapid SSS but has also been shown to lead
to more rapid satiation beyond SSS (de Graaf 2012).

The role of specific taste cues (sweet, umami, etc.) in satiation is still subject to
debate. However, most data suggest that while these taste cues may act as nutrient
predictors, the evidence that modify satiation beyond more general SSS effects is
limited. For example, sweet taste is known to promote appetite, but satiation for
sweet-tasting products does not obviously differ from any that are seen from non-
sweet carbohydrates (Hogenkamp 2017), and sweetness itself is not a strong pre-
dictor of satiety expectations. There is stronger evidence for certain taste cues
influencing post-ingestive processing of the ingested foods, so affecting satiety,
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as discussed later. Although taste cues do not appear to have a specific role in
satiation, they may do so indirectly by contributing to overall flavor intensity,
which is now believed to be an additional sensory factor which can modify the
rate of satiation and so affect meal size (McCrickerd and Forde 2016), again with
oro-sensory exposure a plausible explanation for why more intensely flavored
products lead to more rapid meal cessation independently of effects of palatability.
Since many of the sensory cues that impact on meal size also have been shown to
generate satiety expectations (Forde et al. 2015), it may be that these sensory factors
impact on meal size through the same cognitive mechanisms combined with SSS,
although this is less clear with flavor intensity.

Social Influences on Satiation

Although the traditional approach to appetite control has focused on cues from the
food being ingested, ingestion usually occurs in a social context, and an additional
perspective on satiation relates to the extent to which consumers judge their fullness
by reference to the amount being consumed by the people they are eating with. The
two key social influences are firstly that people consume more in groups than when
alone (social facilitation: Herman 2015) and secondly that the amount consumed can
be specifically altered by modelling a confederate who eats more or less than would
be consumed when eating alone (Cruwys et al. 2015). These issues are covered
in full elsewhere in this handbook (see » Chap. 14, “Social Influences on Eating”).
However, in relation to satiation, it is notable that where people’s intake has been
altered by modelling a confederate, their state of satiation at the end of the meal is the
same as if they had eaten their normal meal size. Thus the experience of fullness at
the end of a meal is partly contextually derived. This effect is most pronounced
where people overconsume and suggests that in a social context, people are less able
to pay attention to the cues that normally drive satiation (Higgs 2015). Notably,
when people have consumed more by modelling the behavior of a confederate, when
asked what factors determined how much they consumed, they typically refer to the
food (taste, liking, etc.) and rarely note the social influence (Vartanian et al. 2008).
This suggests that social influences have a pervasive effect on intake, reducing the
individual ability to respond to food-derived satiety cues and thereby promoting
overconsumption.

Satiation in Summary

Satiation is a complex process, where signals arising from expectations, sensory
exposure, oral nutrient detection, and the oral sensing of food volume all contribute
to the increasing desire to terminate ingestion. However, for the vast majority of
meals, ultimately humans are driven more by how much food they have served
themselves, where they have that choice, or the amount they are served where that is
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externally determined and the social context in which they are eating, than they are
by the myriad signals that arise during ingestion. Thus, the processes involved in
satiation do not regulate energy intake directly, but once food is consumed, the
effects of having consumed that food on subsequent appetite (satiety) have much
clearer effects on overall energy balance, and so next we consider in detail what
drives satiety.

Understanding Satiety

Whereas satiation appears to be controlled mainly by cognitive and sensory
influences, satiety is more complex, with evidence for cognitive, sensory, and
nutritional cues all interacting to generate how full people feel after consuming a
particular food or drink. The volume, energy density, macronutrient profile, food
form, sensory characteristics, and satiety expectations of an ingested product have all
been shown to impact on subsequent satiety, with these factors interacting in
complex but predictable ways. To illustrate this point, varying the form of a food
alone can have a major effect on how filling it is. For example, the same amount
of apple was more filling when consumed as apple pieces, than as apple puree or
apple juice, despite the same nutrients being ingested in all three versions (Flood-
Obbagy and Rolls 2009). To unpack this complexity, first the key evidence for
cognitive, sensory, and nutrient influences on satiety are summarized in turn, and
then current ideas on how these different components are integrated are explained.

Cognitive Influences on Satiety

Since how filling we believe a food to be has a major influence on how much
we serve ourselves, could it also influence our experience of satiety after consump-
tion? Particularly striking evidence that beliefs impact satiety came from a study
where volunteers consumed the same product (a fruit smoothie) but with the
(misguided) belief that the product contained either a small or large amount of actual
fruit (Brunstrom et al. 2011). Participants consistently reported greater satiety (i.e.,
lower levels of rated hunger) across the 3 h after consuming the smoothie when they
believed it had contained a larger rather than smaller amount of fruit even though the
actual product was the same in both conditions.

However, simply telling someone that a product will be more filling in itself
does not necessarily generate satiety by itself, but rather expectations modify the
way the sensed nutrient signals arising from actual ingestion are interpreted.
A powerful demonstration of that effect came from a study where participants
consumed the same level of nutrients either as a liquid or jelly (Cassady et al.
2012), under the belief that the product either was liquid or jelly once in the stomach
(in practice all versions would have been liquified by the acid in the stomach). Both
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the actual form of the ingested product and the belief of whether it was solid or liquid
affected satiety: satiety was strongest when ingested jelly was believed to be jelly in
the stomach and weakest when a liquid product was expected to liquid in the
stomach. This elegant study demonstrates the power of top-down control on satiety.
But in that study, the same level of nutrients was ingested in all conditions. Another
research has since demonstrated that satiety is maximized when the expectation
generated by label and sensory cues implies a product will be filling and crucially
the product contains sufficient nutrients (Chambers et al. 2015; McCrickerd et
al. 2014). Where a product generates an expectation of satiety but the level of
ingested nutrients generates weak post-ingestive physiological satiety responses,
the mismatch between expected and actual satiety can lead to rebound hunger and
overconsumption. This critical interplay between expectation- and nutrient-based
signals may explain why beverages tend to generate weaker satiety but soups
stronger satiety even when the actual energy content is similar: drinks are not
expected to be filling but soups are.

Beyond the role of expectations at the point of consumption, explicit memory
for what has been recently consumed also plays a role in determining the amount
consumed at the next meal (Higgs and Spetter 2018). The most striking evidence
for this comes from studies of meal taking in amnestic patients. For example,
Henry Molaison (HM) was left with severe amnesia following brain surgery to
relieve intractable epilepsy. Notably, HM rarely reported feeling hungry or full,
and when tested, he readily ate a second main meal almost immediately after
eating a first (Hebben et al. 1985). Although the extent of HM’s damage has
suggested possible effects beyond amnesia (Eichenbaum 2013), a subsequent
report of multiple meal consumption in other amnesiac patients with more defined
impairments lends further support to a memory effect (Rozin et al. 1998), and
notably these patients also showed no evidence of changes in the experience of
appetite as a consequence of food ingestion. While these studies demonstrate the
importance of the neural circuitry involved in memory and also in regulating
awareness of interoceptive states including satiety, it does not in itself demonstrate
memory is normally involved in the experience of satiety. But more recent data
suggest this is so: asking people to recall what they consumed at a previous meal
just before they have an eating opportunity reliably reduces intake, while a lack of
attention to what is being consumed by being distracted during one meal can cause
reduced satiety and increased intake at subsequent meals (Higgs and Spetter
2018). Thus, processes of memory and attention are important elements of the
cognitive systems underlying satiety. One of the brain regions known to have been
damaged in HM is the hippocampus, an area long known to be important in many
aspects of memory. The hippocampus is also now thought to play an important role
in regulating food intake, integrating information about cognitive and sensory
aspects of the food to be ingested with the interoceptive signals relating to hunger
and, crucially in this context, satiety (Stevenson and Francis 2017). Indeed, one
theory of obesity is that excessive intake of an unhealthy diet leads to dysfunction
in the hippocampus and reduces individual sensitivity to interoceptive satiety cues
(Hargrave et al. 2016).
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Taste and Satiety

Of the five primary tastes, the only taste which appears to have a role in satiety is
umami (Yeomans and Masic 2017), and although sweet taste is often discussed as
having evolved to enhance engagement with potential foods that will be a safe
source of nutrients, there is no clear evidence that sweet taste or associated sugar
ingestion has effects on satiety which differ from that of non-sweet carbohydrates
(Bellisle et al. 2012). However, one possible role of taste in relation to satiety is that
the savory “taste” of protein-based products acts as a cue for the likely presence of
protein which triggers changes in post-ingestive processing of the ingested food
which in turn result in a modified satiety response. In line with this, the finding that
the addition of MSG, the compound most closely associated with umami taste, to
protein-enhanced, but not carbohydrate-enhanced, soups increases the satiety
response suggests that the detection of MSG orally might act as a taste cue for
protein, and there is now growing evidence that the umami taste may itself enhance
satiety (Yeomans and Masic 2017).

Nutrient Cues and Satiety

Ultimately satiety is primarily a state generated by the effects of ingested food, and
the degree to which foods generate satiety has been shown to vary depending on the
volume, nutrient density, and overall nutrient profile of the ingested food or drink.
A full discussion of all of the evidence for these factors is beyond the scope of
this chapter and has been subject to many valuable and detailed reviews (e.g.,
Benelam 2009; Tremblay and Bellisle 2015). The focus here is to provide sufficient
summary of the current state of understanding to allow a more detailed evaluation of
how these more physiological aspects of satiety integrate with the cognitive and
sensory influences which are the primary focus of this chapter.

Some of the key nutrient-derived signals that contribute physiologically to satiety
are generated by the ingestion and digestion of the three main macronutrient energy
sources (carbohydrates, fats, and proteins), supplemented by actions of other food
components such as fiber. A large body of satiety-related research has focused on
these signals and the relative efficiency of the different macronutrients in generating
satiety. This led to the suggestion of a hierarchy of satiating effects of macronutrients
in the order protein > carbohydrate > fat (Poppitt et al. 1998), and it is now widely
accepted that, when matched by caloric content, protein-rich products are most
effective at generating satiety (Johnstone 2013). Likewise, there is good evidence
that the addition of fiber can also enhance satiety (Wanders et al. 2011). These
different nutrient effects then interact: for example, a recent study contrasted differ-
ent reformulations of pasta supplemented with different sources of protein and fiber
and found significant effects of both protein and fiber, with the strongest satiety when
protein and fiber were combined (Martini et al. 2018).

There have been many theories of how different nutrients generate satiety,
with the current view that nutrient detection in the gut leading to release of
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satiety hormones that then act to suppress appetite is the most widely accepted
mechanism, and these effects are detailed more fully later. Satiety has also been
related to the extent to which ingested food results in changes in glucose availability,
with the classic glucostatic theory of appetite control positing that higher levels
of glucose suppressed appetite but lower levels induced hunger (Mayer 1955).
Although a simplistic model of appetite control based on glucose as a regulated
signal remains controversial, there is evidence that the pattern of glucose release
from foods does modify the way that they generate satiety. Here, a key concept is the
glycemic index, which describes the pattern of change in circulating glucose across
the time period post-ingestion. Products that cause a rapid rise and then fall in
glucose are referred to as high glycemic, while those causing a lower but more
sustained rise in glucose as low glycemic. Notably, low-glycemic foods tend to cause
stronger satiety responses (Anderson and Woodend 2003).

Cognitive Nutrient Interactions in Satiety

There has been a tendency to assume that effects of nutrients on satiety are purely
derived from gut-based signals during digestion, but there is increasing evidence
that the sensory and expectation cues discussed earlier also play a role in modifying
the effects of nutrients. A key issue is that it is very hard to modify the macronutrient
or fiber content of a product without also altering its sensory characteristics, and
these often subtle sensory changes can themselves then influence satiety, and indeed
subtle flavor cues have long been known to modify satiety responses (Warwick et al.
1993). For example, when the sensory characteristics of a carbohydrate-enriched
drink were manipulated to match the sensory characteristics of a similar drink
fortified with whey protein, the two products generated the same satiety response
(Bertenshaw et al. 2013), suggesting that the apparent enhanced satiety usually seen
with protein may have been generated by the oro-sensory rather than post-ingestive
effects of the protein. Similarly, satiety expectations are related to perceived cream-
iness in products (McCrickerd et al. 2015), and this percept may be in part driven
by oral sensing of protein. But creaminess is a complex percept, and there is also the
possibility that detection of fat in the mouth may act as a cue which could in turn
modify the way the gut processes ingested fats. Whether the ability to detect fat
orally can be described as the sixth dimension of taste remains unclear (Keast and
Costanzo 2015); however some data on individual differences in oral fat sensitivity
do fit with the notion that an enhanced ability to detect (“taste”) fat orally is
associated with lower body weight (Costanzo et al. 2017) which could be caused
by stronger fat-based satiety responses. For this to be plausible, there would need
to be evidence that oral detection of fat increased satiety. Again, recent evidence
suggests this may be so. Varying the droplet size of oils in a water-oil emulsion
changed the perception of how “creamy” these stimuli were, with smaller oil
droplets leading to enhanced creaminess, and these small-droplet emulsions gener-
ated stronger expected and actual satiety responses than did the same water-oil
emulsion with larger oil droplets (Lett et al. 2016).
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Gut-Based Signalling Systems for Satiety

One of the key ideas in current biological models of satiety is that the sensed
presence of ingested nutrients in the gut triggers the release of specific endocrine
signals, the satiety hormones, which feedback to key regulatory structures in the
brain and thereby inhibit our desire to eat. A large body of physiological research has
started to unravel the complex detail of these signalling pathways, and here there is
space to highlight the key findings only. The first satiety hormone to be identified,
cholecystokinin (CCK), is now known to be released from specific endocrine cells in
the small intestine, particularly the duodenum, in response to the sensed presence of
nutrients, with stronger responses to fat and protein than to carbohydrates (Karhunen
et al. 2008; Zanchi et al. 2017). Consequently, the concentration of CCK in blood
increases after food consumption, and circulating levels of CCK correlate negatively
with rated hunger (Sepple and Read 1989). Glucagon-like peptide 1 (GLP-1) is also
established as a satiety hormone, with GLP-1 injections reliably reducing rated
hunger and subsequent food intake in humans (Flint et al. 1998) and circulating
levels of GLP-1 rising after meals, particularly with carbohydrate and fat intake.
Finally, two related compounds, pancreatic polypeptide (PP) and peptide YY (PYY),
also act as satiety signals. PP is the least understood of the satiety hormones and
is released from the pancreas in response to nutrient ingestion. Low circulating
levels of PP have been reported in obese individuals, while injection of PP has
been shown to suppress appetite (see Hellstrom 2013). PYY is a more established
satiecty hormone, and suppresses rated appetite and food intake in humans
(Batterham et al. 2002). PYY is secreted into the bloodstream by cells in the ileum
and colon, so it appears to have a role in the later stages of satiety.

Even this very short summary illustrates the complexity of physiological satiety
signalling: different mixtures of nutrients will cause subtly different patterns of
release of multiple satiety hormones, which differ in time profile after ingestion
and effects on appetite. We are still some way from clearly establishing the exact role
of each hormone and from understanding how these different signals interact.

There is also now evidence that release of these gut-based satiety hormones is not
simply a response to locally sensed nutrients but may be in part mediated by the
sensory and cognitive cues experienced during ingestion. Traditionally, the idea that
gut-based responses can be cued by pre-gastric signals was encapsulated in the
concept of cephalic-phase responses (Smeets et al. 2010), founded in the principle
of Pavlovian conditioning, suggesting that cues that predict the arrival of nutrients in
the gut cause conditioned preparatory responses including hormone secretion
(Woods 1991). There is now, however, evidence that these effects extend beyond
conditioned responses, which are acquired by repeated cue-nutrient associations, to
more cognitive control. Thus, believing a food would be solid in the stomach
moderated GLP-1 release (Cassady et al. 2012), and the belief that a product
would be filling stimulated PP release and enhanced the CCK response to nutrient
ingestion (Yeomans et al. 2016). Thus gut-based signalling of satiety is in part
controlled by people’s beliefs and experiences with a food, with clear top-down
modulation of the gut-based satiety response.
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Individual Differences in Satiety Sensitivity

One important idea in our understanding of the relationship between satiety and
ingestion is that people vary in the extent to which they are aware of, or respond to,
satiety signals. In the earliest theory of individual differences in this context, it was
suggested that normal-eating control involves a balance of sensitivity to internal
appetite cues, including satiety, and external food cues (Schachter 1968). According
to this externality theory, people who are prone to overeat and so gain weight were
conceived as over-responding to external cues and under-responding to internal
cues. Although the original externality theory fell out of favor, the key idea of
arole for individual differences in satiety sensitivity relating to propensity to become
obese is now attracting considerable attention. In adults, satiety responsiveness has
been tested using the preload method, and here there is evidence of reliable individ-
ual differences, with those with weaker satiety responsiveness (the low satiety
phenotype) more prone to weight gain (Dalton et al. 2015). Satiety responsiveness
in children has been assessed using a standardized questionnaire measure, and scores
on that measure predict subsequent weight gain even in very young children (e.g.,
Mallan et al. 2014). Whether sensitivity to satiety is a trait, or is a product of the way
we have been exposed to foods, remains unclear, although there is some evidence
that satiety responsiveness can be retrained if people are placed on diets which
have been designed to generate stronger satiety signals (Arguin et al. 2017),
suggesting that the extent to which an individual experiences satiety is to some
extent malleable, so opening up the potential to retrain satiety responsiveness as a
way of counteracting overeating.

Satiety in Summary

Unlike satiation, which appears largely controlled by cognitive, sensory, and
behavioral factors, satiety is primarily a response to ingested nutrients, with a
sequential series of post-ingestive signals arising from effects of nutrients at different
stages in transit through the gut. However, whereas there has been a tendency to
focus exclusively on these post-ingestive effects, there is now clear evidence that this
gut-based processing can be affected by cognitive and sensory factors at the point of
ingestion and that these factors alone can influence satiety both independently and in
interaction with gut-based signalling. Moreover, the finding of big individual differ-
ences in satiety responsiveness which cannot be explained by differences in gut-
based signalling clearly shows that satiety ultimately depends on the way these
different signals are processed in the brain. Thus satiety is not a simple result of
intrinsic cues generated by actual consumption but is a more complex interaction
between these intrinsic cue and extrinsic cues relation to what the consumer knows
about that product before it is consumed. Whether social context acts as an additional
extrinsic influence on satiety is less clear: the majority of work on social influences
have focused on satiation (Cruwys et al. 2015), and whether adjustments to meal size
through social facilitation and modelling result in modifications to subsequent satiety
remains unclear.
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Integrating Multiple Cues: Optimizing Satiation and Satiety
in Product Development

As knowledge about the cognitive, sensory, and nutrient-based signals that lead to
satiation and satiety become clearer, it is increasingly possible to make predictions
about how different changes in the way food is formulated, marketed, and served are
likely to impact on our ability to regulate food intake. A perhaps surprising conclu-
sion from some of the influences summarized here is that reducing the nutrient
content of a product may not always be a helpful approach to regulating overall
energy intake: if a product is consumed under the belief that it is a diet version, it
may generate expectations of low satiety, which may be reinforced by changes in
sensory characteristics and the actual experience of weaker post-ingestive satiety.
Consequently, diet products may lead to rebound hunger and greater temptation to
overconsume later (Chambers et al. 2015). The recent finding that people lost weight
when placed on a diet which did not reduce their overall energy intake directly, but
instead was designed to increase satiety (Arguin et al. 2017), reinforces the idea that
re-establishing a strong satiety response in those prone to overeat may be the way
forward in behavioral approaches to counteracting obesity.

Conclusions

Our understanding of satiation and satiety has come a long way from the simplistic
idea that they reflected the impact of ingested nutrients on our appetite. As more
evidence emerges that beliefs about products, and the sensory experience products
provide during ingestion, modify the way we subsequently experience satiety, so the
underlying models of satiety have to become more complex and nuanced. The
effects of ingestion of a particular product on satiety will, ultimately, depend on
the consumer’s familiarity with that product, their individual sensitivity to satiety,
and the actual nutrient profile of the product. Social influences clearly impact
satiation, and all of these factors interact to modify overall appetite. Our increased
understanding of these complex interactions is paving the way towards innovative
approaches to producing products of the future which consumers will be able to
enjoy without the concomitant risk of overeating and obesity.
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Abstract

Disgust is a human emotion that prevents us from having contact with something
that might be pathogenic, because it triggers behavioral avoidance of the stimu-
lus. People can vary in their tendency to react with disgust towards cues that
indicate the presence of pathogens such as certain odors (e.g., smell of decayed
food) or visual cues (e.g., mold, runny nose). This disgust sensitivity was linked
to a broad range of behavioral and attitudinal concepts in previous research. After
an overall introduction to the concept of disgust, the present chapter focuses on
the measurement of disgust sensitivity in adults and the various tools that are
available to measure disgust sensitivity. A special focus will be on the domain of
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eating and food behavior and the introduction of a new scale that enables
measurement of disgust sensitivity in the domain of food. Furthermore, the
influence of disgust sensitivity on eating behavior in a functional and dysfunc-
tional way will be outlined. In particular, its relationship with selective eating
behaviors (e.g., food neophobia) and the acceptance of new food sources (e.g.,
insects) and food technologies (e.g., cultured meat) will be highlighted. Lastly,
the relationship between disgust and hygiene behavior, food hygiene behavior in
particular, will be outlined.

Introduction
Functional Domains of Disgust

When considering evolutionary processes and the drivers of natural selection, we
would expect that humans have developed threat-detection systems and responses.
Evidence suggests that a disgust reaction is one such highly functional system that
aims to reduce the contact with and thus the likelihood of infection from bacteria,
parasites, and viruses. Researchers consider disgust to be a component of the so-
called behavioral immune system, which aims to avoid health threats by cognitively
triggering disease preventive behavior (Terrizzi et al. 2013).

A commonly known first line of defense is distaste. In particular, bitter-tasting
compounds can be found in unpalatable plants and are prototypical stimuli for innate
oral rejection. This can naturally be observed in children who have an innate
preference for sweetness and an inborn dislike of bitter tastes (which makes accep-
tance of certain liquid formulations such as medicine and of certain foods such as
dark-green vegetables rather difficult during childhood) (Mennella and Bobowski
2015). Bitter taste typically leads to spitting out the unpalatable, probably toxic
material (Chapman and Anderson 2012). Apart from distaste, disgust is triggered by
cues that symbolize hazardous items and the presence of pathogens such as certain
odors (e.g., smell of decayed food) and visual (e.g., mold, runny nose) and tactile (e.
g., slime) cues as well as auditory input (e.g., clear one’s throat) (Curtis and Biran
2001). Likewise, objects that have had contact with a disease vector can become
contaminated and a trigger of disgust. Disgust is not restricted to the oral route, and
the role of contamination and contact disgust in defending against infectious diseases
might relate to the perceived invisible spread of microorganisms from one substance
or organism to another (Chapman and Anderson 2012).

Individuals differ in their concerns about disease transmission and their perceived
vulnerability to diseases. Persons with higher germ aversion reported heightened
discomfort in situations with an increased likelihood of disease transmission such as
having a sneezing person around or sharing a water bottle with a friend (Duncan et
al. 2009). These individual differences in germ aversion also predicted variability in
people’s sensitivity and reactivity towards potential disgust elicitors (Hartmann and
Siegrist 2018). Disgust is an emotional response that triggers disease avoidance
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behavior (Curtis et al. 2004). However, very low disgust sensitivity and heightened
disgust or disgust oversensitivity can become dysfunctional. On the one hand,
insensitivity to disgust cues might inhibit the necessary preventive behavior, and
people might expose themselves to higher risks. On the other hand, oversensitivity to
cues that are not pathogen-related or overgeneralization based on crudely defined
cues triggers false alarms and might lead to neglecting viable resources. Heightened
disgust responses have even been linked to the development and maintenance of
various psychopathological symptoms related to anxiety disorders. In particular,
disgust sensitivity seems to be involved in the etiology and maintenance of blood-
injection-injury phobia, spider phobia, and obsessive-compulsive disorder (for a
review see Olatunji et al. 2010). Disgust is considered a regulatory emotion, and
rejection of ingestion of substances is a prominent behavioral domain. Therefore,
researchers have also investigated a potential influence of disgust oversensitivity in
the development and maintenance of eating disorders (Bell et al. 2017; Troop et al.
2002). Recent research has also shed light on disgust sensitivity and its effects on
everyday food choices in nonclinical samples. Later in the present chapter, new
findings in that area will be outlined. Noteworthy, some researchers also proposed a
link between disgust and attitudes and behaviors in non-food-related domains
encompassing social interactions such as sexuality, moral evaluations, and political
orientation (Oaten et al. 2011; Rottman 2014; Tybur et al. 2009). However, within
the course of the present chapter, we focus predominantly on the domain of eating.
Disgust sensitivity in other domains such as moral or sexual disgust is not part of the
present chapter (Tybur et al. 2009).

The “Disgust Face”

A typical “disgust face” has certain main characteristics expressed in combination
or alone depending on the context: retraction of the upper lip, nose scrunch,
narrowed eyes, lowered brows, as well as a tongue extension (Pochedly et al.
2012; Rozin et al. 1994). All the activities center around the face orifices nose,
mouth, and eyes in order to hinder entry of dangerous agents. They also have an
informational function by indicating to group members that something should be
avoided (Rozin et al. 1994). Variations of facial expressions of disgust are consid-
ered as having different communicative values. For example, the nose wrinkle was
recognized as a sign of a bad smell, while the tongue extension was linked more to
oral irritation (Rozin et al. 1994). Next to happiness, anger, fear, and surprise,
disgust is one of the emotions that are reliably recognized by facial expression in
people from a variety of Western and non-Western societies (Ekman and Friesen
1971; Hadit and Keltner 1999). Technological advances nowadays allow coding
and analyses of facial expression for research purposes. This enables researchers to
observe, for example, the different variations of a disgust face in behavioral
experiments. The intensity of a disgust response or variations in facial expressions
depending on the elicitor can be studied.
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Development of Disgust in Children

Disgust activates cognitive and affective mechanisms that motivate the avoidance of,
e.g., pathogen cues. Individuals can differ in what they find disgusting as well as the
intensity of their experienced disgust. The ability to experience disgust is innate, and
researchers stated that genetics also determine an individual’s disgust sensitivity
(Sherlock et al. 2016). However, disgust evolves within cultural boundaries and is
primarily shaped through social learning (Rottman 2014). Parental influences during
early childhood play a substantial role (Stevenson et al. 2010). Disgust reactions to,
for example, bitter substances are an innate response to distaste in children, but apart
from distaste, new disgust elicitors are probably learned during the first develop-
mental stages of the child. Stevenson et al. (2010) provided a good example of a
situation in which a parent-child transmission might lead to the acquisition of a new
disgust elicitor: “The child encounters a stimulus (e.g., a dirty candy on the ground)
and begins to make contact with it. The parent then facially (disgust face), vocally
(“Urghh, don’t touch that!”), and behaviorally (moves stimulus or child away)
intervenes.” (Stevenson et al. 2010, p. 166). Another argument for a parental impact
in the acquisition of disgust elicitors is the observed positive parent-child correlation
for disgust sensitivity and contamination sensitivity (Rozin et al. 1984). Unfortu-
nately, the evidence described so far does not necessarily explain why people then
vary in the intensity of experienced disgust and which other environmental factors
shape people’s disgust experiences (Tybur et al. 2018). Future research is needed in
order to better understand the developmental stages of such a highly functional
system as the disgust emotion.

Factors Influencing Disgust Responding

Researchers argue that an individual’s level of immunocompetence is linked to
disgust sensitivity. The more susceptible an individual is to infections, the higher
the value of behavioral avoidance of potential health threats and dietary selectivity
(Fessler et al. 2005). Following this argument, a compensatory behavioral prophy-
laxis theory was suggested which proposes that progesterone-linked decreases in
immune functioning during pregnancy should be accompanied by elevated levels of
disgust and behavioral avoidance (Fessler et al. 2005). Especially during the first
trimester of pregnancy, when immunosuppression is most pronounced, Fessler and
co-workers found heightened disgust sensitivity (Fessler et al. 2005). Food-borne
illnesses in particular pose a hazard for both the mother and the fetus, and increases
in disgust sensitivity should predominantly occur in the food domain (Fessler et al.
2005). Moreover, some researchers even found a link between women’s stage in the
menstrual cycle and the accompanying changes in immunocompetence and disgust
sensitivity (Fleischman and Fessler 2011; Zelazniewicz and Pawlowski 2015), while
others did not find such a relationship (Jones et al. 2018). Nevertheless, a well-
established and reliable finding across different assessment methods is that women
are more disgust sensitive than men. This holds true for state (e.g., Rohrmann et al.
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2008) and trait disgust sensitivity (e.g., Berger and Anaki 2014; Hartmann and
Siegrist 2018) as well as for Western and Eastern cultures (Olatunji et al. 2009).
However, this gender pattern was not observed in children (Stevenson et al. 2010).
Al-Shawaf et al. (2017) proposed different hypotheses that might explain women’s
higher pathogen-related disgust sensitivity. The most important one is based on the
mothers’ central role and close physical contact with the offspring during gestation,
lactation, and parenthood and thus their greater impact on the health of the offspring
(Al-Shawaf et al. 2017). However, based on cross-sectional data, the level of
pathogen disgust sensitivity seems not to further increase after the birth of a child
(Prokop and Fancovicova 2016). Only longitudinal studies might reveal how
strongly disgust sensitivity might fluctuate over a women’s life span and the influ-
ence of different life stages such as motherhood on disgust sensitivity.

Apart from sex, the relationships between other demographic variables and
disgust sensitivity are not clear or rather weak. For instance, weak negative corre-
lations were found for education: those with lower education levels were more
disgust sensitive (Berger and Anaki 2014). However, this finding might suggest
that disgust is a basic emotion that might not be easily changed through knowledge
(Berger and Anaki 2014). Likewise, no correlation (Petrowski et al. 2010), a weak
positive correlation (Eickmeier et al. 2017), as well as a negative correlation (Curtis
and de Barra 2018) between measures of disgust sensitivity and age were reported.
Therefore, no overall conclusion can be drawn regarding the relationship between
education and age on the one hand and disgust sensitivity on the other hand.

Measuring (Food) Disgust Sensitivity

Disgust sensitivity is defined as an individuals’ tendency to respond with disgust to
aversive stimuli (Haidt et al. 1994; Olatunji et al. 2007). Haidt et al. (1994) asked
university students to list disgusting items and another sample to rate these items
related to their disgust response. Based on factor analyses and theoretical consider-
ations, Haidt et al. established a 32-item disgust scale (DS) that measures disgust
sensitivity in eight domains: food, animals, body products, sex, body envelope
violations, death, hygiene, and sympathetic magic/contagion (contact with or visual
appearance of a disgust elicitor). Later on, Olatunji et al. (2007) proposed a revised
version of the DS-scale (DS-R) with a reorganized item structure and a reduced
number of subscales (core disgust, contamination-based disgust, animal-reminder
disgust). Subsequently, various researchers suggested new disgust measures
(Table 1). For example, Tybur et al. (2009) proposed a disgust model based on
three domains of disgust. Their 21-item Three Domains Disgust Scale (TDDS)
measures disgust sensitivity in the domain of pathogen disgust, sexual disgust, and
moral disgust. van Overveld et al. (2006) published a disgust propensity and disgust
sensitivity scale (DPSS, revised by Fergus and Valentiner 2009), which aims to
measure the frequency of experiencing disgust and the bodily and emotional impact
of experienced disgust. A rather new developmental approach was used by Curtis
and co-worker (Curtis and de Barra 2018), who identified main transmission
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Table 1 Scales to measure disgust sensitivity in different domains for adult populations. The
different measurement scales show similarities and differences in the domain-specific conceptual-
ization of disgust

Author Abbr. Domains

Haidt et al. (1994) | DS Disgust scale: food, body products, sex, death, body envelope
violations, animal, hygiene, contagion

Olatunji et al. DS-R | Disgust scale — revised: core disgust, animal-reminder disgust,

(2007) contamination disgust

Kleinknecht et al. DES Disgust emotion scale: animals, injections, blood draws,

(1997) mutilation, death, rotting food, smells

Tybur et al. (2009) | TDDS | Three domain disgust scale: pathogen disgust, sexual disgust,
moral disgust

Curtis and de Barra | — Six-factor model: hygiene disgust, animal disgust, sex disgust,

(2018) atypical appearance disgust, lesion disgust, food disgust

Hartmann and FDS Eight different categories of food disgust: animal flesh, poor

Siegrist (2018) hygiene, human contamination, mold, decaying fruit, fish,
decaying vegetables, living contaminants

Ammann et al. FDPS | Food disgust picture scale based on pictures that display disgust

(2018a) cues from the categories of the FDS

pathways for human pathogens and then generated a set of cues derived from
five diseases from each of these identified transmission pathways. They developed
a six-factor model that categorizes disgust cues in six categories: hygiene disgust,
animal disgust, sex disgust, atypical appearance disgust, lesion disgust, and food
disgust.

Recently, a new disgust scale was published that focuses on the domain of food
(Hartmann and Siegrist 2018). This new scale enables measurement of an individ-
ual’s tendency to experience disgust when confronted with various food-related cues
that indicate, for example, pathogen presence, unhygienic food preparation, or
animal origin of the food. The food disgust scale is a reliable and valid self-report
measure for adults which can be applied as an 8-item short version or a comprehen-
sive 32-item long version. Figure 1 shows the distribution of food disgust sensitivity
among a sample of Swiss adults. The long version consists of eight subscales with
which eight distinct factors of food disgust can be measured: animal flesh, human
contamination, poor hygiene, decaying fruit, decaying vegetables, mold, fish, and
living contaminants. The food disgust scale was tested in different countries around
the world including France, China, and England. Figure 2 displays that the results are
quite similar in the different countries, and only small deviations in the mean values
for the eight subscales between countries were observed.

In a subsequent study, a picture-based food disgust scale was developed to
supplement the word-based food disgust measure (Ammann et al. 2018a). The
Food Disgust Picture Scale presents participants with eight pictures that depict a
range of potentially disgusting food items (Fig. 3). In contrast to the word-based
food disgust scale, participants’ perception of certain disgust cues is not subject to
imagination, they are directly confronted with pictures that show potentially disgust
eliciting food items. However, Descriptions of foods and food situations can evoke
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Fig. 1 Percentage
distribution of overall food
disgust sensitivity (FDS total
score) among a sample of
Swiss adults. Some people are  20%
not food disgust sensitive at

all, most participants are

medium disgust sensitive, and  10%

a few are very disgust
sensitive. (Based on data from © .
Hartmann and Siegrist 2018)

30%

1 2 3 4 5 6
not disgusting extremely
atall disgusting
Switzerland France

Poor hygiene Poor hygiene
Living contaminants Living contaminanis
Mould Mould
Decaying vegetables Decaying vegetables
Fish Fish

Human contamination Human contamination
Animal flesh : Animal flesh

Decaying fruit Decaying fruit

England China
Poor hygiene Poor hygiene
Living contaminants Living contaminants
Mould Mould
Decaying vegetables Decaying vegetables

Fish
Human contamination

Fish

Human contamination

Animal flesh
Decaying fruit

Animal flesh
Decaying fruit

Fig. 2 Mean values for the eight subscales of the food disgust scale measured in Switzerland,
France, England, and China. Poor food hygiene, food contamination, and mold on food were
considered as most disgusting in all four countries. (Data from Swiss adults are published in
Hartmann and Siegrist 2018)

more powerful salient memories and emotional responses that specific food prepa-
rations or pictures might not evoke (Cardello et al. 2012). This might explain why
the Food Disgust Picture scale and the Food Disgust Scale correlated highly in
previous research (Ammann et al. 2018a), but not as highly as expected. Neverthe-
less, both food-related scales were comprehensively tested, and it was shown that
they correlate with eating behavior (Ammann et al. 2018b; Egolf et al. 2018).

All disgust scales and their underlying conceptualizations of disgust introduced
above were developed in Western societies such as England (Curtis and de Barra
2018), Switzerland (Hartmann and Siegrist 2018), or the USA (Olatunji et al. 2007).
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Al 8

Fig. 3 Three pictures from the Food Disgust Picture Scale measuring disgust sensitivity in the
domain of food (Ammann et al. 2018a). Studies showed that the worm-contaminated maize
received the highest disgust scores. Cues related to decay or aging of fruit are considered disgusting
by some persons. The old tomatoes were considered as medium disgusting by study participants.
The situation depicted in the third picture points towards an unhygienic food behavior with raw
meat. The rings as potential germ carriers, the direct contact with the hands, and the slightly gray
color of the meat are potential disgust cues. The picture was, however, rated as least disgusting
by study participants. (Picture source: Jeanine Ammann (picture 1, 2), Pixabay.com/yaron86
(picture 3))

Some of them were also successfully tested in other cultural contexts than those in
which they were developed, however (e.g., Olatunji et al. 2009). Culture shapes the
stimuli that provoke a disgust reaction and the behavioral consequences. Therefore,
differences in mean values for disgust sensitivity between different cultural contexts
are reasonable and were observed in previous cross-cultural studies (Olatunji et al.
2009). However, the results of the food disgust scale in different countries suggest
that the ranking of various disgust elicitors (i.e., what people consider most disgust-
ing and what they consider least disgusting) seems to be rather similar in different
cultural contexts.

Disgust and Eating Behavior

Culture and social influences play a huge role when it comes to food that we consider
acceptable or unacceptable, those food sources we like and those we dislike.
Aversion and disgust towards certain foodstuffs might correspond to a personal or
a collective attitude that certain foods are considered edible while others are consid-
ered disgusting. But apart from the cultural basis of food-related disgust, certain
food-related cues indicate the presence of pathogens (e.g., mold) on a food or give an
indication about aging of the food. People can react differently to these cues and
consequently vary in their sensitivity to experience food-related disgust. However,
disgust sensitivity comes with a trade-off between neglecting valuable food sources
and potential benefits of avoiding risky items. Therefore, disgust sensitivity exerts
functional and dysfunctional effects on eating behavior. Studies that directly
assessed the influence of disgust on eating behavior in nonclinical populations are
scarce, however. One problem was that there was no food-specific disgust scale
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available that measures individual differences in disgust sensitivity in the food
domain. Disgust scales that assess overall disgust sensitivity or disgust sensitivity
in certain domains apart from food might not capture relevant relationships. The
newly developed food disgust scales with a particular emphasis on food items
enables specialized research related to the link between eating behavior and food
disgust sensitivity.

Disgust, Selective Eating Behaviors, and Food Choice

Human ability to adapt to new environments and potential new food sources was a
big advantage for our species. However, it poses the risk of consuming potentially
toxic plants and animals. Thus, humans show an ambivalent reaction towards new
foods, a mixture of fear and interest. A psychological and behavioral tendency to
reject unfamiliar food is called food neophobia (Pliner and Hobden 1992). Food
neophobic behavior is a stable part of children’s eating behavior development.
Between the ages of 2 and 6 years, they show the strongest food neophobic
reactions and reject unfamiliar, new foods. With age, food neophobic tendencies
normally decrease, and strong food neophobic behavior in adults is even consid-
ered pathological. Aspects such as perceived mouth feeling, aversive textural
properties, or a product’s animal origin are considered main drivers of food
rejection based on food neophobia (Martins and Pliner 2006). Considering the
functional basis of disgust to prevent contact with potential disease vectors, a link
between disgust sensitivity and food neophobia seems reasonable (Al-Shawaf et al.
2015; Nordin et al. 2004). In one study, Al-Shawaf (2015) found — utilizing the
Three-Domain Disgust-Scale by Tybur et al. (2009) — a small correlation in women
between food neophobia and pathogen disgust as well as sexual disgust. Utilizing a
food-specific disgust scale, correlation coefficients between the FDS and food
neophobia were as high as 0.37 in a survey study (Hartmann and Siegrist 2018).
Further results showed that when it comes to willingness to eat unfamiliar foods,
food disgust sensitivity explains variance over and above food neophobia
(Ammann et al. 2018b; Hartmann and Siegrist 2018). Thus, the two constructs
seem to be associated, and high disgust sensitivity might be a motivational force
behind food neophobia.

The opposite of food neophobia, variety seeking, defined as the willingness to try
new unknown foods (Lenglet 2018), was linked to disgust sensitivity too in previous
research. Utilizing the Varseek-scale by Van Trijp and Steenkamp (1992), results of a
survey study in Switzerland showed that food disgust sensitivity explained 4% of the
variability in variety seeking. Food disgust is a defense mechanism that aims to
avoid risks, while variety seeking in new food comes with an increased risk taking.
Hence, the relationship between both constructs was negative (Egolf et al. 2018).
Also, picky eating in adults, which is defined as aversion to or refusal to eat a wide
range of virtually familiar foods, has been associated with disgust (Egolf et al. 2018;
Kauer et al. 2015). Kauer et al. (2015) suggested that picky eating may be based on a
hypersensitivity to certain sensory properties (e.g., texture, taste, appearance), and
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the rejection of certain textural properties was also linked with food disgust sensi-
tivity (Egolf et al. 2018).

On the level of everyday food choices, disgust seems to have a small but relevant
influence too. In one of the first studies that investigated the link between food
disgust sensitivity and food choices measured with a food frequency questionnaire,
results showed that food disgust sensitivity was associated with lower consumption
frequencies of foods that pose high contamination risks and have special textural
properties such as eggs and seafood (Egolf et al. 2018). Similarly, negative correla-
tions between food-related disgust and consumption of several types of meat and fish
products were observed in another study from Germany (Eickmeier et al. 2017).
Moreover, lower consumption frequencies of vegetables were observed in high food
disgust sensitive people. From the previous mentioned research, one might conclude
that disgust sensitivity is not linked to food groups in general (e.g., meat) but that
people may avoid certain preparations or special kinds of foods (e.g., animal
innards).

Today, there is a clear separation between meat consumption and meat produc-
tion, and modern meat marketing reduces, for good reason, evocative cues that
remind consumers of the slaughtering procedure of the animals. It has often been
reported that seeing, handling, or the idea of eating meat provokes disgust reactions
in some people. In a study with university students, next to aversive textural
properties, reminders of livingness/animalness accounted for most of the variance
in disgust ratings for certain food-related scenarios. In particular, disgust sensitive
participants were susceptible to react with disgust when they were confronted with
cues that reminded them of the animal nature of the foods (Martins and Pliner 2006).
Disgust reactions also come into play when people avoid meat based on moral
convictions. Moral vegetarians find meat images more unpleasant and more disgust-
ing and seem to avoid a wider range of animal foods than health-motivated vege-
tarians (Anderson et al. 2019; Rozin et al. 1997). Vegetarian-induced disgust
reactions towards meat seem to be a consequence of the moralization of meat eating
and the accompanied conversion of preferences into values (Fessler et al. 2003;
Rozin et al. 1997). Research into promoting meat reduction within public health
campaigns has even used disgust-oriented persuasive messages to influence meat
attitudes (Palomo-Vélez et al. 2018). However, it is not completely clear why people
are more susceptible to experience disgust when it comes to meat and animal
products, and different explanations are possible. In the end, it might be a mixture
of moralization and the idea of incorporating another living creature as well as the
higher pathogen and contamination risk associated with animal-based foods.

Disgust and Acceptance of New Food Sources and New Food
Technologies

Our daily food choices have a huge impact on the environment. Production of meat
has a much larger impact compared with the production of vegetable-based proteins,
for example. New food technologies (e.g., cultured meat, genetic modification) and
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new food sources (e.g., insects) may help reduce the environmental impact of
people’s food behavior (Bonny et al. 2015; Smetana et al. 2015). However, con-
sumer acceptance of these new food sources is a challenge, and among other factors,
disgust plays a role in the rejection of novel foods and technologies.

To feed a growing population worldwide, researchers around the world are
searching for new food technologies and resources. Interest in alternative protein
sources of high nutritional value, such as edible insects, has increased remarkably in
recent years (Huis et al. 2013). A positive attitude towards such novel foods is a
prerequisite for consumer acceptance. Factors such as food neophobic tendencies,
previous experiences with eating insects, male gender, and attention to the environ-
mental impact of food influence consumers’ readiness to eat insects (Hartmann et al.
2015; Hartmann and Siegrist 2017; Verbeke 2015). Even though insects are a
valuable food source in many cultural regions around the world (Costa-Neto and
Dunkel 2016), a lot of people in Western societies are disgusted by the prospect of
eating insects and by the insect itself (La Barbera et al. 2018). Not surprisingly,
insects were long considered more as an indicator for food contamination and a
health risk than as a valuable food source in most Western societies (Kellert 1993;
Looy et al. 2014), and the presence of insects might even be considered as an
indicator for low hygienic standards. Accordingly, an individual’s susceptibility to
be disgusted by poor food hygiene (subscale of the food disgust scale) was a
significant predictor for willingness to eat products made with processed insects
(Hartmann and Siegrist 2018). Moreover, food disgust sensitivity and food neo-
phobia together explained 37% of the variance in the willingness to eat insect
products. In another study, consumers were confronted with chocolate, which was
decorated with dried mealworms. In this behavioral experiment, participants’ food
disgust sensitivity was strongly inversely correlated with the amount of the insect
chocolate consumed (Ammann et al. 2018b). Therefore, food disgust sensitivity in
previous research was not only linked to the hypothetical consumption of insect
products but also proved to be a significant predictor for actual eating behavior. In
addition, disgust was by far the most frequently mentioned reason for rejecting
eating insects in another study with Indian and US adults (Ruby et al. 2015). Results
of that study further showed that those persons who scored high on the core disgust
subscale of the disgust scale (Haidt et al. 1994; revised by Olatunji et al. 2007) were
less willing to eat insects. Core disgust sensitivity even reduces the likelihood that
people get in contact with insect eating events (Hamerman 2016). An individual’s
disgust sensitivity is an important predictor for willingness to eat when it comes to
insects. Whether it has a similarly high relevance for the acceptance of other familiar
or unfamiliar foods needs to be determined in future research.

Disgust has also been proposed as one of the factors that influence acceptance of
gene technology (Scott et al. 2016). According to these authors, gene technology is
often perceived as unnatural, and it may be perceived as contaminating consumers
by ingesting GM (genetically modified) foods. Furthermore, the idea that a gene
from animals may be inserted in a plant may increase the disgust reaction. Scott and
colleagues (Scott et al. 2016) showed that disgust evoked by gene technology was
associated with support for GM restrictions. In other words, people who experienced
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a high level of disgust by GM food were more in favor of restrictions related to GM
foods compared with people who experienced a low level of disgust. Even more
interesting, people’s general disgust sensitivity influenced people’s acceptance of
GM foods. Overall, the available evidence suggests that people with a higher
affective disgust response towards a food technology (state disgust) and people
who are generally more disgust sensitive (trait disgust) seem to report lower accep-
tance ratings to new food technologies (Clifford and Wendell 2016; Prokop et al.
2013). Even evoked disgust by elicitors that are unrelated to the food technology of
interest, slightly motivates opposition to GMO containing food (Clifford and
Wendell 2016).

The most important motivations underlying consumer’s everyday food choices are
sensory and health factors (Martins and Pliner 2005). Likewise, “natural” seems to be
a positive quality for most people in Western countries (Rozin 2005). For example, a
survey conducted in the USA showed that consumers perceived pesticide-related risks
as greater than either natural toxin or microbial pathogen risks (Williams and Hammitt
2001). Perceived naturalness is an important factor when it comes to consumer
acceptance of foods and food technologies. The attributes that are used for defining
a food as natural vary between stakeholders and consumers (Roman et al. 2017).
Perceptions of naturalness are also relevant when it comes to the acceptance of
cultured meat. Cultured meat was developed as a substitute for conventionally pro-
duced meat that exactly mimics meat but is less resource consuming and may be more
morally justified from various ethical perspectives (Hopkins and Dacey 2008; Pluhar
2010). It is based on stem cell technology (Post 2012), and if technological hurdles
could be overridden, cultured meat might be a promising approach for the production
of so-called clean meat. Consumers’ willingness to eat cultured meat considerably
varied between study samples and countries (Bryant and Barnett 2018). Some reported
an overall positive view among US consumers (Wilks and Phillips 2017), while others
concluded that acceptance ratings are rather low (Hocquette et al. 2015). Focus groups
in Belgium, Portugal, and the UK revealed that after being informed about cultured
meat, perceived unnaturalness and feelings of disgust towards the novel meat product
are prevalent initial reactions of consumers towards the idea of consuming it (Verbeke
et al. 2015). Moreover, study results showed that perceived naturalness of cultured
meat had a direct and an indirect effect via disgust towards that meat on the partici-
pant’s willingness to eat it (Siegrist et al. 2018). The production process characteristics
of cultured meat seem to evoke a disgust reaction which is probably related to the
heavy processing and consumer’s perception of humans tampering with nature
(Siegrist et al. 2018; Verbeke et al. 2015).

Disgust and Hygiene Behavior
Hygiene behavior is, next to healthy eating, regular physical activity and medical

checkups, a fundamental part of health behavior. It aims to avoid infections and
illness by preventing contact with potential pathogens. Hygiene behavior is
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relevant in different domains such as the body or food preparation. Food prepara-
tion in particular is a risk area where a lack of hygiene could have detrimental
health effects. Food-borne diseases are a serious public health problem, and more
than 200 diseases are spread through food via microorganisms (e.g., fungi). They
can even lead to deaths in vulnerable population groups such as the elderly,
children, or immunocompromised persons. A relationship between disgust,
which aims at avoiding infections and illness, and hygiene behavior was suggested
(Curtis 2007). Initial studies showed that disgust is one motivation among others
for hand washing behavior in developing countries (Curtis et al. 2009), and it was
also shown to be a key driver in nurses infection control behaviors (Jackson and
Griffiths 2014). However, there has been little discussion on the relationship
between disgust sensitivity on the one hand and hygiene in food preparation, an
essential behavior for health promotion, on the other hand. In a recent study, 1122
participants in the German-speaking part of Switzerland were asked how fre-
quently they practice 24 different hygienic behaviors in the kitchen (Ammann et
al. 2019). The behaviors varied from washing fresh fruit and vegetables before
consumption, checking for insect contamination in dry products, cleaning the
refrigerator to changing the tea towel regularly. Results showed that people’s
food disgust sensitivity, i.e., their disgust responsiveness following exposure to
food-related potential disgust elicitors, was strongly correlated with kitchen
hygiene behaviors. Those who were more food disgust sensitive also practiced
these hygiene behaviors more frequently. Another important outcome of that study
was that people who were more food disgust sensitive reported heightened disgust
responses following descriptions of situations that included food-related
unhygienic behavior (e.g., food that dropped to the floor). Thus, disgust sensitivity
leads to both stronger disgust reactions towards unhygienic food behavior (by
others) and more frequently practiced hygiene behavior. Very low disgust sensi-
tivity seems to inhibit necessary preventive hygiene behavior and adequate eval-
uation of the behavior of others, and consequently people might expose themselves
to higher risks of food-borne diseases.

Nevertheless, disgust sensitivity comes with a trade-off between preventive
behavior and neglecting valuable resources. In the domain of food, a small but
significant positive relationship between people’s food disgust sensitivity and their
frequency of throwing away food was found (Egolf et al. 2018). This is of high
relevance considering the fact that food waste accounts for the largest percentage of
food losses in the value chain in industrialized countries (Parfitt et al. 2010). People
with high levels of food disgust sensitivity seem to react more strongly towards cues
related to decay or the aging of the food. Food that is not as fresh anymore might
then be considered inedible or dangerous. It is probably rather difficult, if not
impossible, to convince people to eat food that is still edible but that they consider
disgusting. Therefore, it seems more promising for educational campaigns aiming at
reducing food waste production in the domestic area, to focus on processing
techniques for old food so that disgust-eliciting cues are not visible anymore
(Egolf et al. 2018).
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Conclusion

Disgust is a protective rejection mechanism that is supposed to decrease the likeli-
hood that we have contact with or even consume potentially risky items. Disgust is
linked to psychological constructs of selective eating behavior. In fact, food-related
disgust sensitivity exerts an effect on food choices, eating habits, textural prefer-
ences, and even food hygiene behavior. A growing body of literature has suggested
that especially animal-based foods can provoke a disgust reaction. Disgust is a factor
that might even prevent people from making favorable food choices. Nevertheless,
the link between disgust sensitivity and how it shapes our eating behavior is still
under researched, and future research will provide more insights into how disgust
shapes our eating behavior in functional and dysfunctional ways. In addition,
consumer acceptance of new food technologies and resources is an obstacle not
least because of product attributes or characteristics of the production technology
that provoke disgust in consumers. People with a higher affective disgust response
towards a food technology, and people who are generally more disgust sensitive
reported lower acceptance ratings to new food technologies. Overcoming such
negative affective reactions in consumers is a challenge, and marketing approaches
need to prevent evocative cues that provoke a disgust response.
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stories — that make worlds come into being” or they may be something like the
daily cycles of breakfast, lunch, and dinner with appropriate foods at appropriate
times.

Eating rituals also can be classified more specifically according to their form
and sequence, their function, the emotions they evoke, and their meaning. This
chapter addresses the roles of ritual in eating in the following: (1) as types of
behaviors (order of meals, seasonally cued practices, table etiquette, taboos,
eating, and reading); (2) as rituals of different kinds of relationships (to nature,
to other humans, and to the supernatural); (3) as components of meals besides
eating (preparation, acquisition, and cooking of food); (4) in the emotional affect
they encourage (rituals of disgust, elevation, and gratitude); and (5) as the
different strategies and contents of meaning they create. The role of ritual in
eating is to make it meaningful to people — affectively, cognitively, socially,
culturally, and religiously.

Introduction

Margaret Visser suggests in her book The Rituals of Dinner (1991) that table
manners originated to curb human instincts to use one’s knives on their fellow
diners rather than on their dinner. Table manners however are but a subset of the
many different rituals people apply to what, with whom, when, where, how, and
why they eat. All animals eat, but rituals, that is, patterned, repeated, sometimes
automatic, sometimes intentionally mindful, often talk-enhanced behaviors are
apparently what Aumanize the ways the human species nourishes itself. Jean
Anthelme Brillat-Savarin (1825/1986), the early nineteenth-century father of mod-
ern Euro-American gastronomy and food writing, famously distinguished “the
pleasures of the table. . .from the pleasure of eating, their necessary antecedent,”
as follows:

The pleasure of eating is the actual and direct sensation of satisfying a need.

The pleasures of the table are a reflective sensation which is born from the various
circumstances of place, time, things, and people who make up the surroundings of
the meal.

The pleasure of eating is one we share with animals; it depends solely on hunger and
what is needed to satisfy it.

The pleasures of the table are known only to the human race; they depend on careful
preparations for the serving of the meal, on the choice of place, and the thoughtful
assembling of the guests.

The pleasure of eating demands appetite, if not actual hunger; the pleasures of the
table are most often independent of either one or the other...

During the first course, and at the beginning of the feast, everyone eats hungrily,
without talking, without paying any attention to what may be going on about him,
and no matter what his position or rank may be he ignores everything in order
to devote himself to the great task at hand. But as these needs are satisfied, the
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intellect rouses itself, conversation begins, a new order of behavior asserts itself,
and the man who was no more than an eater until then becomes a more or less
pleasant companion, according to his natural ability. (p. 182)

What are “careful preparations for the serving of the meal, on the choice of place,
and the thoughtful assembling of the guests. . .[and] conversation . . .a new order of
behavior” but rituals that not only shape the meal as a communal activity, but also
enhances the pleasure of those eating at it?

Eating rituals, therefore, can be classified according to their form and sequence,
their function, the emotions they evoke, and their meaning. To be more precise, one
can categorize the roles of ritual in eating by as types of behaviors (order of meals,
seasonally cued, table etiquette, taboos, eating, and reading); as rituals of different
kinds of relationships (to nature, to other humans, and to the supernatural); as
components of meals besides eating (preparation, acquisition, and cooking of
food); by the emotional affect they encourage (rituals of disgust, elevation, and
gratitude); and by the different strategies and contents of meaning they create.

Religious and Nonreligious Rituals of Eating: Rituals in the Strong
Sense and in the Weak Sense

The word ritual often leads many to assume it refers to religious activities and
interactions with deities. On the contrary, implicit in any discussion of ritual,
including food rituals, is (or should be) the distinction most assume between
“religious rituals,” like Christian Communion or the Jewish Passover Seder, and
more ordinary ritual patterns of behavior, like breakfast in the morning, lunch
midday, and dinner at night (which nowadays in modern industrialized societies
are more honored in the breach than observed).

A more precise way to describe this sort of difference in rituals, which is
especially applicable to the role of rituals in eating, is the distinction the critical
scholars of the comparison of religions Jeffrey Kripal et al. (2014) draws between
“ritual in the weak sense” and “ritual in the strong sense.” The weak sense of ritual
“encompasses virtually all of human social behavior, taken as a coded and scripted
set of actions that serve particular social and psychological functions” (Kripal et al.
2014, p. 117). The strong sense of ritual “requires something else: an invocation of
superhuman powers and a fundamental orientation toward an order of reality and an
eventual state of salvation that transcends the social world and its material and
pragmatic needs” (Kripal et al. 2014, p. 117). This clearly corresponds to the
differentiation between ordinary daily rituals and religious rituals made above but
are preferable, because not all “religious” rituals, that is, rituals in the strong sense,
can be associated with specific recognizable religious traditions. For rituals in this
strong sense are “re-enactments of a myth,” with a myth being “a sacred story that
founds and grounds a particular world” (Kripal et al. 2014, p. 116). Thus, this kind of
a ritual is “is the reenactment of the myth that makes that world come into being.”
The North American Thanksgiving dinner is a good example of a nonreligious ritual
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that nevertheless reenacts a myth that makes the world come into being, in this
case the world of the US nation. Though ostensibly associated with American
Protestantism (a commemoration celebrating the Puritan pilgrims’ meal with the
native Americans who helped them survive their first winter in Massachusetts
according to legend), both historically and in practice is far from that. Indeed,
Gurinder Chadha’s movie Whats Cooking? (Taylor & Chadha 2000) delightfully
demonstrates how four contemporary quite ethnically different families in LA,
African American, Jewish American, Mexican American, and Vietnamese Ameri-
can, each make try to make the “traditional” American Thanksgiving turkey dinner
their own. In other words, it is precisely because of its symbolic significance as the
myth of American origins that the ethnically diverse families in the movie appro-
priate the Thanksgiving turkey dinner to enact their American identity as participants
in America’s story.

Eating Rituals in the Strong Sense

What's Cooking?’s representation of multiethnic American Thanksgiving rituals and
“religious” meal rituals have in common two features Kripal defines as characteristic
of ritual in the strong sense. First, as already stated, they are rituals that reenact
a myth, that is, “a sacred story that founds and grounds a particular world” in order
to make “that world come into being.” In other words, when modern Mexican
Americans roast a turkey on Thanksgiving for a big family meal (even if they
adapt it to their own flavor preference) or when Christians eat bread and drink
wine in the ritual of communion or when Jews reenact the Biblical Exodus story at
the Passover Seder meal, they are in effect “inscribing” themselves in the same
stories and therefore in the same worlds imagined and mapped in those stories.
Meals like this, ritualized in the strong sense, are thus important mechanisms for
what modern sociologists call “the social construction of reality” (Berger 1990).
In these kinds of meal rituals in the strong sense, participants get to make their
worlds and eat them, too, that is, make them so real they can taste them. A second
feature religious and nonreligious meal rituals in the strong sense share is that they
accomplish this “through scripted and repeated actions (“ritual”), usually
performed in a culturally prescribed space and time and often by a religious
specialist, who performs the myth through this ritual” (Kripal et al. 2014, p. 116).
In other words, they take place at special prescribed times (e.g., religious and secular
holidays or life cycle events) at special places (e.g., a church, a temple, a family
dining room) and are conducted by “specialists” knowledgeable in the sacred lore
(family matriarchs or patriarchs — keepers of the family recipes — or a priest, a rabbi,
a religiously skilled layperson, etc.). These kinds of rituals do not happen at random
places and times, nor are they conducted without some sort of expert exercising
quality control. These specialist experts end up being boundary keepers, the ones
who assure that the social groups the meal rituals are intended to form and the social
worlds they are intended to enact maintain their integrity — so that they are perceived
as authentic. But perhaps most importantly, it’s these specialists who accentuate the
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specialness of the eating rituals in the strong sense by evoking or literally invoking
“the something else,” the “superhuman powers and a fundamental orientation toward
an order of reality and an eventual state of salvation that transcends the social world
and its material and pragmatic needs” (Kripal et al. 2014). Thus often rituals in the
strong sense have participants say certain words over foods to attribute to them their
special symbolic quality, such as repeating the words of Jesus saying “This is My
body, this is My blood,” over bread and wine in the Christian Eucharist ritual, or
Jewish Passover Seder participants applying verses from the Biblical story Exodus
like “The bitter herb, because the Egyptians embittered our lives” to bitter greens or
horseradish root. Or sometimes the context or occasion, not to mention the officia-
tion of ritual specialists like priests or shamans, is enough to convey the symbolic
quality of foods for the gods, even if words do not make it explicit, as in sacrifices
when one is sharing food at a temple or shrine devoted to one or more gods. Indeed,
the context and choreography of most food sacrifices, e.g., sending food “up”
cooked in smoke, “bringing it near,” or “setting it apart” (to use the literal translation
of some of the typical Biblical Hebrew verbs for sacrificing: le-ha’alot, le-hekriv,
and le-hakdish, respectively) to where God or the gods “dwell,” imply the logic of
what scholar of religion Ninian Smart (2000) calls “do ut des” [Latin for “I give so
that you give”]. In other words, in sacrificial settings, participants understand that
they’re giving something to the gods with the expectation that they will get some-
thing back in return: “material and pragmatic needs” like ecological and climatic
conditions conducive to the fertility of their crops and livestock (or to their own
fertility), forgiveness or atonement, victory in battle, or simply the pleasures of God
or the gods’ company (etymologically, “sharing bread”).

Perhaps by this standard, Thanksgiving dinners like those in What s Cooking? are
not quite eating rituals in the strong sense, since the family dinner specialists don’t
notably invoke superhuman powers or suggest that observance of the Thanksgiving
meal festivities will brings about a “state of salvation that transcends the social world
and its material and pragmatic needs.” Or don’t they? What if the American nation
were to be substituted for superhuman powers, and the sense of belonging to the
America of the Thanksgiving story were a kind of salvation for the Black, Mexican,
Vietnamese, and Jewish families not so secure about their status as real Americans?
However one answers this, it’s important to make the point that the distinction
between eating rituals in the strong sense and in the weak sense is not meant to be
a value judgment that one type is more important or more meaningful than the other.
Rather, it’s meant to acknowledge differences in the consciousness, intentionality,
and relationship to recognizably acknowledged religious traditions in the practices of
those who perform eating rituals when describing them. In a certain sense, all eating
rituals are both weak and strong. They are weak in the sense that they are all “coded
and scripted set of actions that serve particular social and psychological functions.”
They are strong in the sense that they all “re-enact myths that make the world come
into being,” even if strictly speaking, in rituals in the weak sense this is not a
particularly conscious intent. Thus, Kripal correctly summarizes the ritual functions
of food when he says, “Food helps make a world. Food is belonging. Food is
boundary. Food is story. Food is performance. Food is self (p. 149).”
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Eating Rituals in the Weak Sense

The point of calling attention to food rituals in the weak sense is that they do not only
have to be experienced as extraordinarily special or “sacred” (to use the religious
studies term) to nevertheless convey these world-making, belonging-making bound-
ary-making, and story-making, self-performing powers of food. There are many day-
to-day ritual practices of food taboos which habituate patterns of preferences for
some foods over others. Some, like Jewish “keeping kosher,” Muslim observance of
the rules of halal or daylight fasting during the month of Ramadan (the reader is
referred to the Handbook Chapter by Regenstein on kosher and halal food), Indian
Brahmin or Jain avoidance of meat, or Catholic fish on Friday and no meat all during
Lent are religiously motivated, at least in their origins. However, even among
members of those religious communities, there is a wide variation of practice.
Some follow the rules out of custom or habit rather than for consciously “religious
reasons,” and some even deliberately transgress them to express their identity (like
Jews who eat pork to make a point that they are not bound by religious law or
Muslims who drink alcoholic beverages for similar reasons). And people practice
many other day-to-day food taboos and preferences that are not necessarily reli-
giously motivated, such as vegetarianism and veganism done for ethical, ecological,
health, and aesthetic reasons (the reader is referred to the Handbook Section on
Ethics); eating local, sustainably produced, and/or organic foods; various diet
regimens intended for weight loss or other health concerns; paleo diets; raw food
diets, etc. Carbs, fats, and sugar can be just as taboo to practitioners of these diets as
pork chops are to observant Jews, Muslims, or Jains.

Another significant example of regular food rituals in the weak sense is the daily
cycle of breakfast, lunch, and dinner typical in many societies around the world,
which do vary from culture to culture (such as continental vs. full breakfasts, lunch
as the main meal of the day vs. dinner, or even what constitutes typical breakfast,
lunch, or dinner foods). For example, Americans who are used to eggs or cereal for
breakfast are often surprised when travelling to Middle Eastern countries how much
more prominent vegetables are on the breakfast menu. And in much of modern
western industrialized, workaholic cultures today, the three-meals-a-day pattern is
observed more in the breach than in actual practices. People skip meals, substitute a
power shake for meals with courses, and grab something to eat on the work
commute. Or they may “graze” throughout the day at their own pace, eating when
they’re hungry, rather than at the societally specified breakfast, lunch, and dinner
times, or at high and low tea times in places still under the influence of the of the
meal culture of the British Commonwealth. And yet, institutions such as schools,
colleges, restaurants, hospitals, prisons, and airline companies (albeit less so
recently) still tend to structure their service of meals around the basic ritually
repeated practice of morning, midday, and evening meals.

The most well-known and influential discussion of this sort of regular system of
daily, weekly, and seasonal meals is the anthropologist Mary Douglas’ classic essay
“Deciphering a Meal” (1972). By analyzing the typical patterns of the British meals
of her native culture, Douglas demonstrated that the system of meals worked a lot
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like a language, in which the order, number, and specific components of a meal, and
of meals during the day, week, and year functioned like syntax or grammar, to make
meals and their parts follow very predictable patterns. All meals, from the simplest
breakfast to the most complicated Sunday or Christmas dinner, were more or less
related to one another, through the multiplication of dishes with varying connota-
tions. “Mains,” “sides,” soups, drinks, sweets/desserts, starches, vegetables, and
fruits each have a significance in comparison to one another, as well as in combina-
tion. Breakfast, a lighter meal, may have very few courses, a main that is not a meat
(eggs, a cereal), though meat (like sausage or bacon) may be as a side, and a drink
(juice, coffee, tea). But compare that to a Sunday dinner, or something like an
American Thanksgiving dinner that might have a soup or other appetizers, two
meat mains, two starch sides, two vegetable sides, more than one sweet for dessert,
and different kinds of drinks (some alcoholic, some not) served at the beginning,
during, and after the main course. Moreover, mains and sides are usually savory
(though sometimes sweetened to mark a special holiday meal); desserts sweet. Sides
are usually a combination of starches and vegetables, not just only one or the other.
Nor would one normally expect to have scrambled eggs or hot oatmeal as a main for
a Christmas or Thanksgiving dinner or chocolate mousse for an appetizer before the
mains. One knows this because of the implicit codes Douglas says are at play in
the British system of meals but by implication could be “deciphered” analogously
in any system of meals in any human culture. And these are not just codes to impose
order on chaos, though of course they do that. They are “coded and scripted set of
actions that serve particular social and psychological functions” (Kripal et al. 2014),
that is, rituals in the weak sense that serve to create and maintain the social
boundaries of family, culture, ethnicity, and class. Table etiquette, which likewise
varies from culture to culture (e.g., Euro-American eating with forks, knives, and
spoons; Indian and Arab etiquette of eating with one’s hands; East Asian etiquette
eating with chopsticks), performs similar, complementary functions. This becomes
quite clear, sometimes awkwardly, for guests at meals in the home of people whose
culture and accompanying table etiquette are quite different from their own (Visser
1991; Harvey 2013).

Types of Eating Rituals: A Formal Classification

In addition to differentiating eating rituals by their social functions, or better, the
degree of their practitioners’ intentionality and awareness of them as rituals with
world-making, group-defining social functions, eating rituals may also be classified
according to their form. Though the list of types of eating rituals to follow reiterates
some of the rituals used as examples in the discussion above of rituals in the strong
and weak senses, and cannot be claimed to be exhaustive, it nevertheless provides
a good overview of the most generally recognizable forms of eating rituals. They are

1. Orders of meals: both the “courses” within them (e.g., appetizer, main course,
dessert; drinks, before, during, and after the main course) and where they fit in the
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day, e.g., breakfast, lunch, dinner, in between meal snacks, high and low teas,
happy hours for drinks, etc.) with variations from culture to culture

2. Seasonally cued meal rituals (harvest festival meals like Jewish Sukkot or
American Thanksgiving, Halloween trick or treating; Christmas dinners; the
Jewish Passover Seder or Persian New Year’s day Nowruz festive meals in the
spring; 4th of July picnics in the summer, evening Muslim “break fasts” iftar
meals during the month of Ramadan; or annual meals commemorating other sorts
of historical events, like Scottish Robert Burns Day or African American June-
teenth meals)

3. Meals occasioned by rites of passage, like wedding banquets, birthday parties,
quincearieras, baby namings, or funerals

4. Table etiquette rules governing seating, table settings (what kinds of utensils if
any and how they’re arranged), what to wear, guest and host responsibilities,
respect for social hierarchies and gender roles, appropriate postures and behaviors
(like eating with your mouth shut, not burping or farting), etc. which of course
also vary from culture to culture

5. Dietary taboos: prohibited or permitted foods as discussed above, which involve
not only specifying from which plant, animal, and nonorganic sources foods may or
may not be eaten but also how they are prepared (e.g., kosher meat must be salted
and drained of blood; organic produce cannot be grown using certain pesticides or
fertilizers), and official or semiofficial authorities who supervise their production
and preparation and certify that the foods have met the required standards (e.g., the
Jewish Orthodox Union, the US FDA, Muslim halal inspectors, etc.)

6. “Scripted meals,” that is, meals that involve the saying, singing, and/or reading
of specific words accompanying the eating, which can range from improvised or
prescribed food blessings, to reading and performing actual scripts like the Jewish
Passover Haggadah, to suggested talking points, to shared song sheets, short
readings brought or composed by the participants, to formal speeches

Particularly, notable literary representations of this are the speeches praising the
god of Love in Plato’s Symposium or General Lowenhielm’s speech at the banquet in
the movie Babette’s Feast (Betzer et al. 2003, based on the short story by Isak
Dinesen [1950/1993]; Brumberg-Kraus 2008). In short, since rituals are “scripted
and repeated actions. . .usually performed in a culturally prescribed space and time
and often by a religious specialist” (Kripal et al. 2014, p. 116), it makes sense to
categorize eating rituals formally according to which sort of scripts and repeated
actions they are comprised of (not to mention what “ingredients” and other “props”
are used in them), where and on what occasions they are performed, who conducts
them, and for whom.

Eating Rituals as Rituals of Relationship

Since eating rituals are fundamentally social activities — even when eating alone one
follows the types of socially determined codes and patterned behaviors discussed
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above — they are inherently relational. In other words, eating rituals typically
construct human relationships with the natural world, with other human beings,
and with supernatural beings.

With Nature

It is not precisely accurate to say human beings construct relationships with “nature”
through eating rituals, since in the ecology of things, humans are a part of nature, not
apart from it. In this sense, Graham Harvey’s (2013) definition of religion aptly applies
to eating rituals as well. They are about respecting relationships between human and
other than human persons — including other animals, plants, rivers, rocks, gods,
mountains, celestial bodies, and so on. In terms of nature, humans, like other animals,
are evolutionarily, cognitively “hard-wired” to recognize and distinguish between
three main ways of relating to things in the environment in order to survive: Is it
food? Is it a potential mate? Or is it a predator? Perhaps the taboos against eating other
humans, having sex with animals or inanimate objects, or eating other animals that
might see humans as food (not that any of these taboos are absolute given the variety
of human practices) are rooted in these basic distinctions. Eating rituals, to the extent
they maintain these categories, code and pattern relationships to fellow beings in the
natural world as food, partner, or predator. That certainly puts Visser’s (1991) obser-
vation with which this chapter opened in the proper light: table manners originated to
curb our instincts to use our knives on our fellow diners rather than on our dinner. In
any case, to have rituals designated for how to treat food implies that there are different
rituals designated for how to treat potential mates, as well as for how to treat — that is,
fight or flee from — potentially dangerous predators or rivals for resources. In other
words, eating rituals are part of a whole system of rituals that are nothing less than
“reenactments” of the myths that found and ground particular worlds to make those
worlds “come into being” (Kripal et al. 2014, p. 116). Put differently, these ritual
systems presume and imply “sacred stories” that cast all the denizens of the natural
world in specific roles — relationships — vis-a-vis one another, which in effect con-
structs a cosmos, an ordered world of relationships between all that is. Most pertinently
for conscious beings like humans, these ritual reenactments map out what is food, (and
what isn’t), who could be a mate (and who or what isn’t), and who or what is out to get
us (or isn’t). Thus, in his aptly titled book Food, Sex, and Strangers: Understanding
Religion as Everyday Life, Graham Harvey (2013) focuses on the world-making
rituals of “religion” — understood as respecting relations between humans and other
than human persons — by describing religions (or for a more neutral term, worldviews)
as kinds of “cosmic etiquette” varying across cultures.

With Other Human Beings

Nevertheless, eating rituals are still quite concerned about relations with other
people. Meals are basically social rituals that form and shape boundaries between
people. Some meal rituals are rituals of inclusion (e.g., “family style” vs. serving
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people their meals on separate dishes; potlucks; the free vegetarian meals open to all
served from the langars [communal kitchens] in Sikh temples; anticipating or asking
guests beforehand what their dietary constraints are and providing accordingly;
inviting non-Jewish guests to Passover seders, non-Christian guests to Christmas
dinners, etc.). Others are rituals of separation, such as when one’s own food taboos
prohibit them from eating in others’ homes; arranging children’s and adult tables;
distinguishing head tables from other tables, like the faculty tables in British
colleges; seating segregated by gender; rules for admission and membership for
exclusive eating clubs; “no shoes, no shirts, no service”-type dress codes at restau-
rants; pricing menu items beyond the reach of most consumers at high-end restau-
rants; the rituals of first class, business class, and economy class seating and food
service on airlines; segregation or exclusion of people from eating establishments
because of their race, ethnicity, religion, or sexuality; restriction of certain parts
of Biblical sacrifices to male hereditary priests and their families; etc. The practice of
many elderly as well as young “unattached” adults to eat alone is also a kind
of “ritual of separation,” regardless if that is the eater’s choice, or a matter of
circumstance beyond the eater’s control (e.g., loss of one’s spouse or other signif-
icant other[s]) economics, social isolation because of where one lives, being socially
ostracized as a pariah, etc.). Finally, the specific rules and responsibilities of host
and guests are often codified in lists of meal rules, such as those enumerated in
ancient Jewish rabbinic derekh eretz literature, Greek and Roman eating club rules
parodied by the second-century CE writer Lucian, and this passage from the Gospel
of Luke 14:7-14 (New Revised Standard Version) in the Christian New Testament
attributed to Jesus:

When he noticed how the guests chose the places of honor, he told them a parable. “When
you are invited by someone to a wedding banquet, do not sit down at the place of honor, in
case someone more distinguished than you has been invited by your host; and the host who
invited both of you may come and say to you, ‘Give this person your place,” and then in
disgrace you would start to take the lowest place. But when you are invited, go and sit down
at the lowest place, so that when your host comes, he may say to you, ‘Friend, move up
higher’; then you will be honored in the presence of all who sit at the table with you. For all
who exalt themselves will be humbled, and those who humble themselves will be exalted.”
He said also to the one who had invited him, “When you give a luncheon or a dinner, do not
invite your friends or your brothers or your relatives or rich neighbors, in case they may
invite you in return, and you would be repaid. But when you give a banquet, invite the poor,
the crippled, the lame, and the blind. And you will be blessed, because they cannot repay
you, for you will be repaid at the resurrection of the righteous.

One could find similar rules for proper host and guest behavior in modern
etiquette advice columns (e.g., Galanes 2012) or etiquette books (e.g., Post 1994;
Martin 2005) in the appropriate sections.

With Supernatural Beings

Eating rituals that establish and maintain relationships with supernatural beings are
of two types: those that involve the supernatural beings as companions, hosts, or
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guests at meals, or those in which the supernatural beings are themselves the food
which is consumed, literally or figuratively. Supernatural beings may include God,
the gods, deceased ancestors, nature spirits, ghosts, demons, in short, any other
beings perceived as being somehow “more” than those ordinarily met in nature.
That said, in most non-Christian or Biblically based, non-monotheistic religious or
cultural traditions, such as the indigenous cultures of Native Americans, the Maori
of New Zealand, or the Yoruba of Nigeria, or Shinto in Japan, these kinds of beings
are not considered to be unnatural or apart from nature; they are simply other than
human beings (Harvey 2013), though perhaps they may be superhuman (Kripal et al.
2014). The most well-known example of a ritual in which God, incarnate in his Son
Jesus Christ, is food and drink to be consumed, is Christian communion, the
Eucharist. But in many other traditions, there are gods who are foods, such as the
soma consumed in the Hindu Rig Veda hymns, or the Aztec and Mayan corn (maize)
god or goddess. Moreover, in some cultures, deceased ancestors may also be
consumed (often as ground bones or burnt into powder mixed with other foods but
sometimes in smellier, earthier, less refined forms), in what Visser (1991) calls
endocannibalism, as part of mourning rituals.

Perhaps more typical are rituals that treat gods, ancestors, or other supernatural
beings as hosts or guests at meals. Sacrifice rituals in which animal or plant food
offerings are made to the gods in their temples or other shrines devoted to them, that
is, shared with them in their “houses,” have already been mentioned. These shrines
may also be located in family homes, such as shrines in Hindu homes where images
of deities are offered foods, bathed in clarified butter, and dressed (what Eck [1981]
describes as “playing house with the gods”), or the idea in post-Biblical rabbinic
Jewish traditions that the dinner table is a mikdash me’at — a “mini-temple” — where
God can still be served through sharing food, in lieu of the sacrifices that can no
longer be performed in the Jerusalem Temple destroyed in 70 CE. The Jewish
tradition of separating hallah, a portion of dough set aside when making bread and
burnt (for God), which has become the term for the braided or round egg breads
typically served for Sabbath and holiday meals, is another way of sharing food with
God even after the temple sacrifices are no longer possible (Brumberg-Kraus 2018).
The traditions across cultures for verbally invoking the gods by name are ways of
acknowledging them as the hosts of one’s meals, such as the classical Greek and
Roman invocations of the gods before meals, Christian grace, or Muslims uttering
bismillah (“in the name of God”) before eating or slaughtering animals for meat.
The opening blessing before the Jewish grace after meals is literally called “the
blessing of invitation” (birkat ha-zimmun), in which the meal participants explicitly
acknowledge that it was from God’s table they ate, “Blessed are You Our God, from
Whose table we have eaten.” The presence of dead ancestors may also be acknowl-
edged as if they were guests at meals, whether formally, in home shrines especially
in East Asian cultures where food is offered to them or when the yet unburied bodies
of family members might be present in the homes where the living family members
live (such is in the funeral practices of the Toraja in Indonesia [Montagnon et al.
1977/2001; Crystal 1974], or the roots of some Halloween traditions featured in
Ray Bradbury’s animated movie based on his novel The Halloween Tree [Kirschner
et al. 1972/1993/2016]), or informally, in the conversations recalling deceased
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or otherwise absent family members that typically arise during family seasonal or
rite-of-passage meal celebrations. Nature spirits too may be considered as guests
welcome to partake of food consumed by humans, as the Indonesian Toraja who
shared their rice harvest with rats, understood as the embodiment of such spirits.
However, this could go awry, as when the rats consumed too much of the rice
harvest, which some Toraja understood as retribution for the increasing adoption
of Christianity in place of their traditional indigenous ways (Hollan 1988).
In a sense, all acts of eating directly or indirectly involve some kind of violence
between humans and other than human beings which threatens their fundamental
“relationality”” and must somehow address and repair the breaches that living in the
world requires. (The reader is referred to the Handbook Section on Ethics).
In Graham Harvey’s view (informed especially by the modern Maori religious
thinker T. P. Tawhai), the basic point of religions is to provide rituals to negotiate
this necessary oscillation between acts of violence and reconciliation basic to our
existence in the real world. As Harvey puts it, “[R]eligion occurs when people face
their victims,” — animal, vegetable, and mineral; natural and super-natural —

fully cognisant that reciprocity is integral to relationality, and seek to enhance intimacy with
others despite violence. Religious activity is undertaken when, in ritual and etiquette, in
restraint and celebration, and in honouring mana and taboo, people seek permission and offer
placation either for necessary but nonetheless wrongful acts of violence. (p. 116)

In other words, if indeed, “religion is etiquette in the real world” (Harvey, p. 199),
then rituals of eating, which are all about structuring people’s relationships to the real
world, engage people in “religious,” or at least religion-like behavior, whether
conscious of it or not.

Eating Rituals Are More Than Just Eating Rituals

Since much of the violence related to eating usually has occurred long before the
food has actually arrived at the table to eat —e.g., in the killing of animals for food, in
the harvesting of produce out of the soil, or in the often inequitable economics of
production and distribution of food — one must point out the importance of the rituals
of food preparation when discussing the role of rituals in eating. The two main
categories for food preparation rituals are (1) the rituals of acquiring foods and
(2) the rituals of cooking foods. In the first, by whom and how are foods acquired?
Grown oneself, bought in open markets, in grocery stores or chains, prepared at
restaurants (fast food and more formal and/or expensive), ordered and delivered on-
line, etc.? Is the food acquired by begging, either necessitated by the eater’s poverty,
or to make a symbolic point, that the eater is detached from material things and
striving for them, as in the case of Theravada Buddhist and Jain monks, or the
practice of the Jesus and earliest apostles as itinerant charismatic healers and
preachers, to demonstrate their faith in God to supply their needs (albeit through
the hospitality of their sympathizing communities). Gerd Theissen (1978) aptly calls
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this practice “charismatic begging.” This also benefitted the ordinary Buddhists,
Jains, and Christians who acquired merit or blessing for feeding their teachers.
And each of these stages or options of food acquisition has its own set of patterned
and repeated typical behaviors. Is it daily, weekly, less frequent, seasonal, or hunger
impulse driven? Jewish Biblical and post-Biblical traditions are particularly notable
for their extensive rules not only for eating food but also agricultural rules: how and
when plants are to be harvested; how animals are to be raised, slaughtered, and
apportioned between ordinary Israelites, priests, and their families, and God in the
sacrificial system; which rules are to be practiced when the sacrificial system no
longer exists after the destruction of the temple and exile of Jews from the land
of Israel after 70 CE? (Brumberg-Kraus 2015). And one can find similar kinds of rule
books for agriculture in other traditions (not to mention farmers’ almanacs) as well as
for sacrifices. As for rituals of shopping for foods, everyone who has themselves
or knows others who observe the kinds of dietary restrictions discussed above is
familiar with the rituals of checking labels for ingredients and/or appropriate certi-
fications. Likewise, when dining out, there are the rituals of checking for problematic
ingredients by asking if something is made with chicken stock, is gluten free,
contains nuts, etc. And cooking food also has its own set of rituals, from following
family customs and traditions for preparing certain dishes, to intentionally using
inherited family heirloom cookware (e.g., a favorite pot or knife), to the religious
rules governing the preparation of halal or kosher foods in the kitchen (like
discarding eggs with bloodspots or using separate sets of dishes and cookware for
dairy and meat preparations, to the conventions “inscribed” and also varying in time
and place in the phrasing and order of instructions in cookbooks. And as in the rituals
of food acquisition, so in food cooking, one can ask: Is it males or females, parents or
children, professionals or nonprofessionals, members of particular social classes or
from specific racial and ethnic backgrounds who are assigned or who have volun-
tarily taken on the tasks of cooking? Indeed, the significant decrease of people who
do their own cooking at home from scratch in contemporary Western industrialized
societies is itself a remarkable shift in the ritual practices of cooking. Michael Pollan,
in his book Cooked (2013), intended to stem this trend, nevertheless acknowledges
the views of some that pretty soon home cooking will be as rare or obsolete as
making one’s own clothes. Given this trend, the rarer occasions for home cooking
tend to be ritualized — for seasonal holidays, like Thanksgiving, Christmas, Passover,
or for birthdays. That said, the occasions for opting not to cook (that is, paying others
to cook) by going out to dinner or arranging caterers to celebrate a birthday,
wedding, anniversary, retirement, school graduations, etc., may also be understood
as seasonal, life cycle, or otherwise patterned and predictable rituals.

Rituals and the Psychology of Taste

Whatever social constructing, world-building functions the rituals of eating and
preparing food have, especially in negotiating people’s complex relationships in
and with the real world, they are able to do so because of the tremendous
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psychological power rituals have on the human experience of eating. First, certain
emotions can be specifically associated with eating (Rozin 1999), namely, disgust
(Rozin et al. 1997), “the emotion of elevation,” (Haidt 2003) and gratitude (Algoe
and Haidt 2009). According to Algoe and Haidt (2009), elevation is the emotion

elicited by acts of charity, gratitude, fidelity, generosity, or any other strong display of virtue.
It leads to distinctive physical feelings; a feeling of ‘dilation’ or opening in the chest,
combined with the feeling that one has been uplifted or ‘elevated’ in some way. It gives
rise to a specific motivation or action tendency: emulation, the desire ‘of doing charitable
and grateful acts also.’

While disgust for social vice (elevation’s “opposite”) is obviously associated with
food preferences, in that bitter tasting foods tend to trigger the same disgust reflex
(Rozin et al.), the connection between the “other-praising” emotions of elevation and
gratitude to eating is a bit more complicated. The link is oxytocin, the so-called love
hormone, which plays a role both in modulating preferences and satiation for the
taste of sweetness (Leng and Sabatier 2017) and is released when people experience
the emotions of elevation and gratitude (Algoe & Haidt). Without going too deeply
into the chemistry, suffice it to say that when oxytocin is released in diners’ brains
during a meal either because of eating tasty sweets or because of their admiration for
their company’s behavior and/or their ritualized expressions of gratitude, the ensuing
emotion of elevation may make the meal (ful)filling even without eating as much
food as the diners may have initially craved. In other words, good company and the
emotions that go with it may be as satisfying as eating the food itself. The right
words and gestures at the meal, that is, rituals of eating, already discussed above, can
prompt this emotional effect. Moreover, in their study, Vohs et al. (2013, p. 1715)
demonstrate that rituals per se, defined as “symbolic activity that often includes
repeated and unusual behaviors occurring in fixed, episodic sequences,” can make
food actually taste better. Finally, rituals can have the psychological effect
of changing one’s taste preferences, in what Prescott (2012) calls “evaluative
conditioning.” Though people may be “hard-wired” to like or dislike particular
flavors — most children prefer sweet to bitter foods, and some people for genetic
reasons cannot abide the taste of cilantro — none of this is written in stone. Human
taste preferences are nearly infinitely malleable, depending upon situation and
habituation. A case in point is that while many children do not like the bitter tastes
of coffee or beer, acquiring a taste for them is somewhat incentivized by their
association with adulthood. Practiced as rituals of adulthood, such acquired tastes
exemplify evaluative conditioning. And the reverse can happen. A traumatic expe-
rience associated with a food once liked can turn one off to it from then on. Most
of the taste preferences for celebratory seasonal foods, family dishes, or the familiar
cuisines of one’s own culture discussed above were acquired through the evaluative
conditioning of regular habitual ritual practices. Indeed, it is the psychological effect
of rituals of eating to associate “powerful, pervasive, and long-lasting moods and
motivations” (Geertz 1973 pp. 90, 94) to specific foods, situations, places,
and people that give these rituals in the strong sense their world-making power.
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Conclusion

The role of ritual in eating is to make it meaningful to people — affectively,
cognitively, socially, culturally, and, yes, religiously. However, the meaningfulness
of eating rituals is not “religious” in the sense that they necessarily require or imply
adherence to specific faith traditions or belief systems. Rather, the rituals involved in
the daily and necessary acts of human eating are “religious” in the role they play in
coding and “scripting” sets of actions that serve particular social and psychological
functions, in reenacting myths that make worlds come into being, whether those who
practice them are aware of it or not. In particular, because food is so “fundamental,
fun, frightening, and far-reaching” (Rozin 1999), the rituals associated with it are
nothing less than a kind of implicit or explicit “cosmic etiquette.” Rituals of eating
form the fundamental relationships people have with the human and other than
human persons with whom we cohabit in the real world. Are they food, foes, or
friends? Fellow diner or dinner? Rituals of eating are a subset of all the rituals
of respecting relationships between human and other than human persons in the
world. In other words, how should we behave with them appropriately? The first step
toward this respect is to abandon the omniscient third person objective pose,
a linguistic ritual of hyperseparation that as scholars we are somehow outside or
above this network of relationships in nature (Harvey 2013).
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Abstract

The study of emotions has grown in the last 20 years from both the health
orientation and the commercial product development orientation. The field con-
tinues to discuss the definition of emotion and the theory of emotions, both of
which have implications on how to measure emotions, which is the main focus of
this chapter. Emotion is usually defined as a rapid reaction to a stimulus, which
could be a food or drink. Longer-term feelings are usually called moods. Existing
emotion lists, in many languages, help the researcher to determine whether their
method (questionnaire) contains real emotion words. Emotion questionnaires
include some traditional ones from earlier days of emotion research to newer
questionnaires often developed in the commercial product-development context.
These questionnaires have produced a large number of research studies on food
and drink products. One of the biggest challenges of emotion research is doing
emotion research cross-culturally. This is especially true with questionnaires that
use words; often the original research was done in English or another western
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language and then transported to another western country or to an Asian or other
country. It is sometimes not clear whether the original emotion concept exists in
the other country, and what words express that feeling — sometimes the emotion
term does not clearly exist, and sometimes more than one word is used to express
that feeling.

Introduction

Eating and drinking are behaviors surrounded with emotions. We experience emo-
tions before we drink or eat, we experience emotions while eating and drinking, and
we experience emotions after eating and drinking. Further, since we eat and drink
multiple times every day, food and drink are major sources of emotions in our daily
lives. Studying the connection between food, drink and emotions is both relatively
old and relatively new. For many years, emotions have been studied as the precursor
to eating, especially overeating and overdrinking. This is the more clinical side of
food-emotion research, with an emphasis on health. For example, the health-oriented
journal Appetite has had 1,066 papers dealing with “emotion,” mainly since 2005,
with a general increase after 2010, and the journal Eating Behaviors has had
400 papers, mainly since 2007 (numbers accurate as of August 2019). More recently
emotions have been studied as a measure of how people react to food and beverage
products. This is the more commercial food-emotion research, with an emphasis on
product development and testing. The journal Food Quality and Preference shows
391 papers dealing with “emotion” mostly since 2010; the journal Food Research
International shows 95 papers dealing with “emotion” mainly since 2015 (numbers
accurate as of August 2019). There have been major increases in interest in emotion
for both types of food related emotions — health oriented and product development
oriented. The first book on the topic of emotion measurement was the book by
Meiselman (2016); most earlier books dealt with emotion theory.

When combined together the study of emotions leading to (over)eating and the
study of food products leading to emotions represent a large field of research
worldwide in both academia and commercially (Macht 2008; Meiselman 2016).

Defining Emotions

Before examining the research on eating, drinking and emotions, it is appropriate to
define some terms. The broadest term in this field is affect or affective behaviors or
feelings. These terms refer to all subjective events which are valenced, meaning they
can be positive or negative (Desmet 2008 in Schifferstein and Hekkert, Product
Experience). Affective states is the broadest category, and they include emotions,
attitudes, traits, and moods (Ferdenzi et al. 2013). Thus, affective states and emotions
are not synonyms; “All emotions are affective, but not all affective conditions are
emotions” (Clore et al. 1987).
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The definitions of emotion and mood to follow are meant to assist the reader with
the remainder of this chapter; however, it is important to point out that arguments
continue within the field about the exact meaning of affect, emotion and mood, and
also how to measure them (Coppin and Sander 2016; Barrett 2016). Copin and
Sander (2016) summarize the situation by noting that “The topic of emotion rarely
leaves individuals unemotional”’(Coppin and Sander 2016). These authors further
note, “The difficulty of defining emotion, and delineating its boundaries to other
affective phenomena (e.g., mood, preference, attitude, passion, affect) is not the only
challenge. . ..The issue of defining emotion is still a contemporary one (Russell
2012), and strongly impacts current models of emotion (Sander 2013).” Feldman
Barrett (2016) summarizes the state of emotions the same way, “a perplexing
situation: there are a multitude of emotion theories that vary a great deal from one
another in almost every way imaginable; they disagree on the details of how an
emotion should be defined,...” (Feldman Barrett 2016).

An emotion is an affective response to a stimulus (person, statement, thing, etc.).
Usually the person can identify the stimulus that produced the emotion. They are of
short duration, usually measured in seconds or minutes. Emotions have multiple
components including a cognitive, a behavioral, and physiological components.

Mood is also an affective behavior, but one cannot identify a specific stimulus that
led to the mood. Emotions develop quickly and last a short time; moods develop
more slowly and can last a (very) long time. Moods can be described as more diffuse,
less intense (Desmet 2008).

Why is it important to define emotions and to differentiate them from other
affective states? Because if one wants to conduct research on emotions or to measure
emotions, one needs to know where to draw the line on what to include, and what to
exclude. The literature on emotions is filled with examples of supposed emotions
that do not fit these definitions, and which are not found on emotion lists (see the
section “Emotion Lists”). Part of the problem in getting general agreement on
emotion definitions and emotion theory is the very wide practices of including/
excluding emotions. This is especially true because emotion measurement takes
place in a number of very different fields, including Clinical Psychology, Consumer
Research and Marketing, Advertising, Hospitality, etc.

Emotion Lists

Emotion lists are very helpful in conducting research on emotions, and were
reviewed by Jiang et al. (2014) and Grithn and Sharifian (2016). Emotion lists
provide guidelines on what to include in emotion research and what to exclude or
to at least question. Just as there are many views of emotion, there are many lists of
emotions, so the recommended approach is to not depend on one list of emotions but
to use several or many lists of emotions. The lists of emotions include word lists,
picture/image files, face files, and motion picture files (Table 1). Grithn and Sharifian
(2016) discuss each method in terms of the following criteria: ecological validity,
temporal resolution (processing time), controllability (for the stimuli), complexity
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Table 1 Sample lists of emotional stimuli by type of stimulus

Type and
Authors List number Ratings
Words
Bradley and ANEW Dimensional on 9-point SAMs
Lang (1999) * Valence, arousal, dominance
Whissel DoA 8742 English | Dimensional on 3-point bipolar scales
(2009) words * Pleasantness, activation, and imagery
Warriner 13,915 Dimensional on 9-point bipolar scales
et al. (2013) English « Valence, arousal, and dominance
lemmas
Griithn EMOTE-A | 985 English Dimensional on 7-point bipolar scales
(2016) adjectives « Valence, arousal, emotionality, concreteness,
imagery, familiarity, clarity of meaning,
control, desirability, and likeableness
Griihn EMOTE-N | 1287 English | Dimensional on 7-point bipolar scales
(2016) nouns « Valence, arousal, emotionality, concreteness,
imagery, familiarity, and clarity of meaning
Objective word characteristic:
* Memorability
Images
Lang et al. 1IAPS 956 images Dimensional on 9-point SAMs
(2005) * Valence, arousal, dominance
Marchewska | NAPS 1356 images Dimensional on 9-point bipolar scales
et al. (2013) « Valence, arousal, and dominance
Griihn et al. AID 7,232 images | Dimensional on 7-point SAMs
(2015) « Valence and arousal
Faces
Ekman and POFA 110 images Discrete facial expressions
Friesen « Happiness, sadness, surprise, fear, disgust,
(1976) anger
Minear and PAL faces 1,142 images | Dimensional
Park (2004) by
576 persons
Ebner et al. FACES 2,052 images | * Discrete — Neutral, anger, disgust, happiness,
(2010) by fear, and sadness
171 persons
Film clips
Philippot 12 film clips Discrete — 6 emotions
(1993) * Amusement, anger, disgust, fear, neutral, and
sadness
Gross and 16 film clips Discrete — 16 emotion terms
Levenson
(1995)
Schaefer 70 film clips Dimensional

et al. (2010)

* Arousal on 7-point bipolar scale
* Positive and negative affect on subscales
Discrete — 7 emotions

(continued)
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Table 1 (continued)

Type and
Authors List number Ratings
* Anger, fear, disgust, sadness, amusement,
tenderness, neutral
Sharifian and | SEEMS 21 film clips Dimensional on 7-point SAMs
Griihn * Valence and arousal
(2015) Discrete — 20 emotion terms

(of the stimuli), and emotional intensity. Word lists are lower for ecological validity,
complexity and intensity, but higher for temporal resolution and controllability,
whereas film clips show the reverse scores (higher for ecological validity, and
emotional intensity, etc.)

When developing an emotion questionnaire including an emotion list, it is
important to keep in mind that there are more negative emotion words than positive
emotion words, but positive emotion words are more frequent in speech. Positive
words tend to be shorter, while highly arousing words tend to be longer and less
frequent.

Grithn and Sharifian (2016) point out that high frequency words are better
remembered in recall tasks, but low frequency words are better recognized in
recognition tasks.

Two helpful traditional lists of emotion words are the lists of Clore et al. (1987)
and the list of Laros and Steenkamp (2005) who list 313 emotions drawn from the
literature (173 negative, 140 positive). They provide a code to attach each emotion to
those who have included it in their previous lists; thus, is a good summary list of
work done before 2005. Ortony et al. (1987), Clore et al. (1987) developed their
emotion lexicon starting with 585 “emotion” words, which was then reduced to
234 based on their criteria for defining emotions.

Laros and Steenkamp (Table 2):

Gmuer et al. (2015) argued that previous emotion lists were not based on
linguistic analysis (Table 3).

Finally, as we observe more automated emotion research, using social media and
other sources of words, we should mention the LIWC word list. The Linguistic
Inquiry and Word Count (LIWC) (2001) used in on line research, contains 615 emo-
tional/affective terms including 251 positive and 345 negative. The newer, revised
LIWC (2015) contains 1393 affective words with 620 positive and 744 negative.

The reader should note that all of these lists contain more negative words than
positive words, although positive words used with food might be more frequent. In
fact, Gmuer et al. (2015) note that their Swiss convenience sample categorized
49 affective food terms as positive (# = 34) much more than negative (n-12 or
neutral (n = 3), even though there were more negative affective terms in their overall
list of 272 food-related terms.

Another approach to developing emotion lists is to get information from con-
sumers, especially when one is interested in emotions relative to a specific product
category (e.g., pasta or chicken). One can ask how consumers feel before they decide
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Table 2 Emotion words

Negative emotion words
Aggravation“’b’C, Agitation™®*°, Agony™©
Alienation®, Anger*®>4¢f& Anguish®<,
Annoyance“ bedeth Anx1ety abee Apologetlc
Apprehension™®©, Aversion®, Awful Bad®,
Bashful®, BetrayalC Bltternessab ¢ Bluea“
Bothered®, Cheerless?,
Contempt>©-€, Cranky°, Cross®, Crushed”, Cry R
Defeat®, Deflated™®, Defensive® Dejectlona be
Demoralized®, Depresszon arb.cl h, Despair™®
Devastation®, Different’, Disappointment®><,
Discomfort’, Discontent™*, Discouraged®,
Disenchantment®, Disgust""b'C’e’g’h, Dislike®*2,
Dismay®*, Displeasure™®¢, Dissatisfied™,
Dlstressa'b*'d’l”"‘ Distrust™ e , Disturbed®, Down
Dread™, DumbC Edgy*, Embarrawmem
Empty™©, Envy™>* Exasperatlonb Fear™®* i,
J, fed-up?, Ferocuy Flustered® Forlorn Foollsh
Frantlc Frlght Frustratton a.bse g Fu ry
Gloomb cdh Glumness Grief***", Grouchlness
Grurnplness <4 Guilf®* el , heart-| broken““ Hate"™®, <
Hollow®, Homeszcknesr be , Hopelessness®®
Horrible® Horrora wbief Hosnln‘yb c’h'i*j,
Humzltatzon A Hurtab . Hysteria®, Impatient™®,
Indignant®, Infen’orc, Insecurity®, Insult®®,
Intimidated", Irate®, Irked®, Irritation™><,
Isolation®® Jealouvyd bee Tittery', Joyless®,
Jumpy®, Loathing®, Lonelmess abei , Longing®,
Loss®, Lovesick?, Low™®, Mad™®, Melancholyb'c,
Misery™><4, MisunderstoodC Moping ,
Mortification™®, Mournful®, Neglect™*
Nervouvnevs"b“’J Nostalgla Offended
Oppressed®, Outragezlb ¢, Overwhelmed®?, Pain°,
Panic®®, Petrified*, Pity>>*, Puzzled", Rage®**,
Regret™>“*2 Rejection®®, Remorse™™®,
Reproachful®, Resentment™®
Ridiculous®, Rotten®, Sadness
Scared™™, Scorn®™ ci , self-conscious®,
Shamea’b’c’e’g” Sheeprsh° Shock®®* Shy ,

hcl

b
¢, Revulsion®,
a,b,c,d,e fgh,i

s

Sickened™, Small®, Sorrow™>¢*, Splte : Startledc'h,

Strained®, Stupid®, Subdued®, Suffering
Suspense®, Sympathy®, Tenseness™® Ternble
Terror™>°, Threatened" Torment“bb Troubled
Tremulous®, Ugly®, Uneasmessabc Unfulfilled,
Unhapprness =Pl Unpleasant”, Unsatisfied,
Unwanted®, Upset“" e Vengeﬁllnessb <, Want )
Wistful®, Woe™<, Worry®€, Wrath®®, Yearning®

. Alarm®,

Confused", Consternationc,

H. L. Meiselman

Positive emotion words

Acceptance®™, AccomplishedC Active,
Admiration®, Adoration®*, Affection®®
Agreement®, Alerth’J Amazement Amusement
Anticipation™ Apprec1at10n Ardent®, Arousal™®,
Astonishment®®, at ease™?, Attentive™,
Attraction®, Av1d°, Bliss®, Brave A Calm ad
Caring®®, Charmed®, Cheerfulness®>",
Comfortable®, Compassion™*, Considerate®,
Concern®, Contentment™®*%\ Courageous®,
Curious”, Delightadeh Desirebc Determined’,
Devotion®, Eagerness™®, Ecstasy™™®, Elation®*,
Empathy®, EnchantedC Encouragmg Energeticf,
Enjoyment™', Entertained®, Enthrallment®,
Enthuszasmbw""" Euphorlab Excellent®,
Excitement™>>45 Exhllaratronb‘f Expectant°,
Exuberant®, Fantastic®, Fascinated®, Fine®,
Fondness®™®, Forgiving®, Friendly®, Fulfillment°,
Gaiety™®, Generous®, Giggly®, Giving®,
Gladness®**¢, Glee™, Good®, Gratitude®, Great®,
Happiness®>*%*f Harmony®, Helpful®", High®,
Hope®©# HornyC ImpressedC Incredible®,
Infatuatlon . Inspired, Interested' Jolllnessb
Joviality®, Joya beete Fubilation®™, Klndlyc {
Lightheartedc, Liking™®€, Longing®, Love™>°*,
Lust™®, Merriment®, Moved®, Nice®, Optimismb,
Overjoyed‘lC Passronabc PeacefulC Peppy,
Perfect®, Pity®, Playful®, Pleasure®*

Pride® bee. “’“‘, Protective®, Rapture A Reassuredc,
Regard®, Rejoice®, Relaxed®®, Release®,
Relief*P**"2 Respect®, Reverence Romantic®,
Satisfaction™ abedti , Secure® Sensatlonal
Sensitive®, Sensualc Senttmentalzty - Serene
Sexy®, Sincere®, Strong", Super®, Surprlsebe £
Tendernessb’c, Terriﬁcc, Thoughtful®, Thrill*> °,
Touched®, Tranquility®, Triurnphb, Trust®",
Victorious®, Warm-hearted”', Wonderful®,
Worship®, Zeal®, Zest®

ab,c
>

Note: The emotion words of Richins’ CES (1997) are in italics

“Morgan and Heise (1988)
Shaver et al. (1987)

°Storm and Storm (1987)
9Russell (1980)

°Frijda et al. (1989)
"Havlena et al. (1989)
#Roseman et al. (1996)
"Plutchik (1980)

‘Watson and Tellegen (1985)
JWatson et al. (1988)
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to have the food or after they eat the food. If one uses this approach you must use a
large representative sample of consumers., not a small convenience sample. One
could then check the terms developed against the lists above — if the words appear in
the lists above, they are probably emotions; Of the words cannot be found on any
lists of emotion, they are probably not emotions. Developing a new food question-
naire is a labor-intensive process. Which is why many researchers use an already
published questionnaire, even when that might not be a perfect fit.

Methods for Measuring Emotions

Emotions can be measured in several ways. Lucas et al. (2009) list the methods and
their strengths and weaknesses. Self-reports of emotion are captured by questionnaire
or interview, and these methods might suffer from a number of biases including
social desirability and extreme responding. Also respondents might be unwilling or
unable to report their feelings, especially in certain cultures (add a ref. on cultures?).
Instead of self-reports one can use observer reports of emotion which correlate
moderately with self-reports. Facial measurement has been suggested as a measure
of emotion for some time, including the Facial Action Coding System (FACS)(see
below). The method is based on measurement of muscle activity, but when it is done
by observers it might be subject to both personal and cultural bias. In addition,
substantial training is required for data collection and the actual measurement is time
consuming. In addition to facial measurement by trained observers, several auto-
mated methods are available, such as from Noldus (see below). There is some
evidence that facial measurement distinguishes different positive affective states,
but has trouble differentiating positive emotions. Physiological measures, especially
those from the autonomic nervous system, are also used to measure emotions (see
below). Once again, these measures tend to differentiate negative emotions but not
positive ones. Finally, there are a number of behavioral measures or emotion-
sensitive tasks, such as mood boards (see below). Interestingly, no one method has
emerged as the preferred method; many studies of food use self-report questionnaire
methods, but some use facial and physiological methods, and behavioral methods.
This partly depends on the theoretical and practical orientation of the researchers, but
also involves practical testing considerations like training time, testing time, budget,
how fast one needs the results, the cooperation of the test subjects, and many other
factors.

Self-Reports of Emotions

Emotion questionnaires are probably the most commonly used method for measur-
ing emotions, because of practical considerations. They require little preparation, can
be done almost anywhere (both on site and remotely), require no professional
administration, and can be done inexpensively with small or very large numbers of
respondents. In commercial work, they fit in easily to consumer testing, where the
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Table 3 Comparison of domain- and product-specific emotion and feeling lexicons in the sensory
science literature™

Absent minded®. Active®. Admiration/Admiring®"®, Adoring’, Adventurous®&* , Affectionate™,
Aggressive™&™ Alone€, amusement/amused/Amusingb 4,00 , anger/Angry® i , Annoyed',
Anxious®, Approvall Arrogant®d, Astonishment®, at ease’, Attentlve AttractedCdc Belittled®,
Bland", Bliss¢, boredom/Bored™", Calm?, Carlngg, Cautious', charrned/Charmmg
Cheerfulness®, Clean®*®, comforted/Comfortinger ik Conﬁdentg‘k, Confused®’, Contempt®,
Content®, Crabbyg, Crmcalg Curious™, Daring?, Dehght , Depressed, desire/Desirabledeﬁh’i,
Despalrlngg, Dirty%® dlsappo1ntrnent/Dlsapp01nted o Dlsapprovmgg DlSCOHtel‘ltengl
disgust/disgusted/D1sgus‘ung""b’C’d’e’t’&’h’l disinterested 1ethargy5 Displeasure!, Dissatisfactions
Doubt®, Dreamy®, Drowsy®, Dull, Eager , Easygorng , Elegant", Embarrassment®, Energetic®>%
ofeh Enthusiastic“’“, Envyc, Euphoric Excited®®®, Exhausted?, Famished®, Fascinated', Fear®,
feeling awe® Feminine , Free™®, Friendly®, Frustratlon , Fun®, Furious®, Glad®, good™', good—
natured?®, gullt/Gulltya ; happmess/Happya’C’d’t’g’h’I heart-strlckeng Hesitation®. Horrible?,
Horrified®, Impatlenceb, in a good mood®, in love®®! Indifference®, Infatuation®, Inferlorg,
Inhibited®, interest/interested/lnterestinga’b’f’h’i, Invigorated?, Irate?, Irritated®’, Jealous®,
joy/Joyful**h, Keen", Lassitude®, light?, Light-hearted®, Lively€, Loving®, Lustful®, Luxurious,
Marvel®, Masculine, Meditative®, Merry®, Mild®, Nauseous® Neglectedg Nervous®, nostalgla/
Nostalgrc"’b"’d’e’g not refreshed’, Ordlnary Overjoyed®, Overwhelmlng Passionate®" Passweg
peaceable/Peacefulab <l pleasant™*%" Pleasure/Pleased™™*, Polite®, Powerful*, Pretentrous ,
Pride®, Protected®, Purposeﬁllg Quiet?, Reassuredg RefreshedCdefl regret/Regretﬁllbg‘
Remsuredd Rejoicing®, Rejuvenated®, RelaxeddCtg Relief*, rehgrous feeling, Reminiscence’,
Repelled®, Resentment’, Respectful?, ReVltahzedder Romantic®®, sadness/Sad®"8, Salivating®*
satlsfactlon/Satlsﬁed“bc‘ Scared®, Skeptical’, Secure®, Sensualde“‘ Sentimental®, Serenede
Serious¥, sexually aroused’, Sexyde f Shivering?, Shocked', Shy®, srck/Slckenmg/Srcklydef',
Silly®, Sluggish®, Sociable®*, Soothed®®, Sophisticated®, spiritual feeling’, Steady?, Stimulated®<,
Strange®, Stressed”, Subdued®, Superior®, (un-/Pleasant) surprise/(un-/pleasantly) Surprised®®c-+&,
Suspicious®, Tacky®, Tame®, Tender™®, Terrificg, Thirsty®, Thrilled®, to feel intimacye, to like/
Likings®™®, Touchedg, Traditionalk,Trernbling' Troubled®, Trust!, Trustworthy Uncomfortable™™,
Uncomplicated® Understanding?, Uneasiness® Unhappy Unpleasant®, Vigilant®, Warm®“¥,
well-beings®*f, Whole?, Wild®, Willful®, Worrred“1 Youthfulk

Domain-specific

“King and Meiselman (2010)

Rousset et al. (2005)

“Pionnier Pineau et al. (2010)

dChrea et al. (2009) — GEOS

“Ferdenzi et al. (2011) — LEOS

PFerdenzi et al. (2011) — SEOS

€Thomson and Crocker (2013)

Product-specific

"Ferrarini et al. (2010)

‘Ng et al. (2013)

*Thomson et al. (2010)

AComparisons were conducted based on the English translations provided by the authors in cases in
which the lists were originally published in another language than English

d

consumer is usually being asked questions anyway. They have a major potential
problem with various response biases so the administration of questionnaires needs
to avoid these as much as possible with carefully worded instructions and comments
during testing (see Jaeger and Cardello 2016). Obviously testing branded products
within a company might lead to biased responses.
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Emotion questionnaires have been designed for clinical applications aimed at the
health perspective, and emotion questionnaires for food product applications aimed
at the commercial perspective. The former questionnaires are often given before
consuming food, based on the view that negative emotions lead to overeating in
certain individuals (restrained eaters) (Macht 2008; Macht and Simons 2000). Since
this type of research had been going on for some time, these questionnaires tend to
include some of the traditional affect questionnaires. Examples of these question-
naires include the Positive and Negative Affect Schedule (PANAS) (Watson et al.
1988) and the Consumption Emotion Set (CES)(Richins 1997), Profile of Mood
States (POMS) and Multiple Affect Adjective Checklist (MAACL).

The PANAS (Fig. 1) is one of the shortest and most frequently used of these
emotion questionnaires; it also balances positive and negative emotions with 10 of
each. However it has received criticism for its choice of words (e.g., see Diener et al.
2009). Nevertheless, it has been shown to be valid (i.e., representing two dimensions
of affect) and reliable with no major differences among demographic subgroups
(Crawford and Henry 2004). The PANAS is available in the 20-item original format
or the enlarged 60 item PANAS-X (Watson and Clark 1994). The PANAS has been
translated into many languages (see the Watson website?). Other traditional emotion
questionnaires are the Profile of Mood States with 65 terms (POMS, McNair et al.
1971) and the Mood Affective Adjective Check List (MAACL) with 70 or 132 terms
published by Zuckerman and Lubin in 1965 and the revised MAACL-R (Zuckerman
and Lubin 1985). The POMS and MAACL have been used more in clinical research
than food product research.

The Consumption Emotion Set (CES)(Richins 1997) provides a longer question-
naire; people can use the whole 47 item questionnaire or can select the terms they want
to use for a specific food category or product. There are examples of the CES used in
food and drink research; for example Edwards et al. (2013) showed a reduction in
emotions from before a meal to after a meal in a student cafeteria environment.

Questionnaires concerning food products are usually given during eating or
shortly after eating, in order to test how the product makes you feel. Traditionally,
the impact of foods and beverages was tested with hedonic questions (how much do
you like this product?); emotion measurement has been used along with liking,
beginning in the period 2000-2010, based on the repeated finding that liking alone
does not predict commercial success very well (Jiang et al. 2014). In fact, three
different methods were described to consumer researchers at the 2008 Eurosense
conference, whereas no commercial emotion methods had been presented at meet-
ings before this (see EsSense Profile, GEOS, and Conceptual Profiling method
below). Since the first arrival of emotion questionnaires for product testing, there
have been a number of new methods proposed. The following is a list of the methods
currently being used to study foods and beverages:

1. EsSense Profile®: The EsSense Profile® was introduced at Eurosense in 2008,
and the resulting paper published by King and Meiselman (2010), who include
examples of distinguishing emotions for different food categories, and for differ-
ent food flavors of the same food category, which suggests that emotions can be
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Worksheet 3.1 The Positive and Negative Affect Schedule (PANAS;
Watson et al., 1988)

PANAS Questionnaire

This scale consists of a number of words that describe different feelings and
emotions. Read each item and then list the number from the scale below
next to each word. Indicate to what extent you feel this way right now,
that is, at the present moment OR indicate the extent you have felt this
way over the past week (circle the instructions you followed when taking
this measure)

Very Sligh:ly orNot A inttle Mode3rately Quite4a Bit Extrersnely
at All

1. Interested 11. Irritable
2. Distressed 12. Alert
3. Excited 13. Ashamed
4. Upset 14. Inspired
5. Strong 15. Nervous
6. Guilty 16. Determined
7. Scared 17. Attentive
8. Hostile 18. Jittery
9. Enthusiastic 19. Active
10. Proud 20. Afraid

Fig. 1 (continued)

tied to product ingredients. Further research on the method was published by
King, Meiselman and Carr in 2013 and King in 2016. The EsSense Profile® was
designed at McCormick Co. Inc. (an international spice company) for general use
with foods, with the advice to modify EsSense for application to specific food
categories or food products. EsSense contains mainly positive emotion terms
(39 terms, 4 negative) in line with the hedonic asymmetry (greater use of positive
emotions vs negative emotions) reported by Desmet and Schifferstein (2008).
The emotion terms are scaled on a 5-point scale. The issue of using more positive
or negative terms is discussed below. A reduced form of the EsSense (EsSense25)
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Scoring Instructions:

Positive Affect Score: Add the scores on items 1, 3, 5, 9, 10, 12, 14, 16,
17, and 19. Scores can range from 10 — 50, with higher scores represent-
ing higher levels of positive affect. Mean Scores: Momentary = 29.7
(SD =17.9); Weekly = 33.3 (SD =7.2)

Negative Affect Score: Add the scores on items 2, 4, 6,7, 8, 11, 13, 15,
18, and 20. Scores can range from 10 — 50, with lower scores represent-

ing lower levels of negative affect. Mean Score: Momentary = 14.8
(8D = 5.4); Weekly = 17.4 (SD = 6.2)

Copyright © 1988 by the American Psychological Association. Reproduced with permission.

The official citation that should be used in referencing this material is Watson, D., Clark, L. A., &
Tellegan, A. (1988). Development and validation of brief measures of positive and negative affect:
The PANAS scales. Journal of Personality and Social Psychology, 54(6), 1063-1070.

Fig. 1 The Positive and Negative Affect Schedule (PANAS)

has been published (Nestrud et al. 2016 — see Fig. 2). The EsSense Profile® has
probably been the most widely used emotion food questionnaire, but it has
received criticism on several issues including the issue that emotions should be
studied on specific food categories rather than with a general scale.

2. GEOS/ScentMove/UniGEOS: The GEOS and ultimately the more global
UniGEOS were designed at Firmenich Company for use with odorous products
including both perfumes and foods. The emphasis in development and testing
was not on food products. GEOS (36 emotion terms) was presented at the same
2008 Eurosense meeting and published in 2009 (Chrea et al. 2009); ScentMove
TM (18 emotions terms) in 2010 and UniGEOS (25 emotion terms) was
published in 2013. These scales were reviewed by Porcherot et al. (2016)
(Table 4).

3. Conceptual Profiling: Thomson and colleagues (from MMR) proposed the
method of conceptual profiling for measuring emotions, emphasizing that ques-
tionnaires assume that the emotion experience is conscious and can be reported.
Thus, Thomson proposed a way of determining emotions by looking for concep-
tual associations during the exposure to a food product. Thomson presented his
approach at the same 2008 Eurosense meeting, and published his method in 2010
(Thomson 2010; Thomson et al. 2010). MMR’s method of conceptual profiling
(Thomson 2016) involves two main steps: first, the development of a specific
lexicon (list of affective terms) for a product category, and then scaling of those
terms using best-worst scaling. Best worst scaling takes more time that direct
scaling, and that has been one criticism of the method. Developing a separate
lexicon for each application for the method would also take time. Thomson has
also provided a more general lexicon based on four European languages



360

EsSense profile
Active
Adventurous
Affectionate
Aggressive
Bored

Calm
Daring
Disgusted
Eager
Energetic
Enthusiastic
Free
Friendly
Glad

Good

Good natured
Guilty
Happy
Interested
Joyful

Fig. 2 The EsSense Profile® (with 39 items) and the EsSense25 (with 25 items)

EsSense25
Active
Adventurous

Aggressive
Bored
Calm

Disgusted
Enthusiastic

Free

Good

Good natured
Guilty

Happy
Interested
Joyful

EsSense profile
Loving

Merry

Mild
Nostalgic
Peaceful
Pleasant
Pleased

Polite

Quiet
Satisfied
Secure

Steady

Tame

Tender
Understanding
Warm

Whole

Wild

Worried

H. L. Meiselman

EsSense25
Loving

Mild
Nostalgic

Pleasant

Satisfied
Secure

Tame

Understanding
Warm

Wild
Worried

(Thomson and Crocker 2013). Ng et al. (2013) use conceptual profiling to
demonstrate that intrinsic product characteristics are more related to emotions
(and to liking), while extrinsic product characteristics such as packaging are more
related to functional attributes.
4. Spinelli et al. (2014) developed a different questionnaire method, called
EmoSemio, for measuring emotions emphasizing choosing words for a specific
product category, and using full sentences rather than single emotion words.
The EmoSemio list contained 23 items — lists for other product categories
might have more or less. Spinelli et al. also emphasized that their questionnaire
was developed in Italian for Italians and thus worked better than translating from
another language which might use different words or use the same words
differently. Sentences in EmoSemio can be simple (instead of the word
“happy,” EmoSemio says “It makes me happy.”), or more complex (instead of
the word “relaxed,” EmoSemio says “It relaxes me, and makes me carefree.”).
The use of simple words (“happy’’) might be more clear or less clear; the complex
sentences (like “It relaxes me, and makes me carefree.”) might introduce different
affective terms (are relaxed and carefree the same?). EmoSemio has contributed
to the emotion questionnaire discussion by raising the issue of language and
translation, and by proposing the use of phrases or sentences rather than words,
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Table 4 Proposed universal Emotion and Odor Scale (UniGEOS) with nine affective categories
and 25 affective terms in four languages. N is the number of geographic areas (out of the seven
studied) in which the term appears

English French Chinese Portuguese

1. Unpleasant feelings

Disgusted (N = 7) Dégontité EEH Enojado
Irritated (N = 6) Irrité mEn Irritado
Unpleasantly surprised Désagréablement Ty eseE | Desagradavelmente
(N=06) surpris surpreso

2. Happiness/delight

Happy (N = 6) Heureux SEN Feliz

Pleasantly surprised Agréablement wEN Agradavelmente
N=Y9) surpris surpreso
Well-being (N = 3) Bien-étre BF Bem-estar

3. Sensuality/desire

Desire (N = 7) Désir p ¥ ] Desejo
Romantic (N = 7) Romantique RaN Romantico
Sensual (N = 6) Sensuel F ) Sensual

4. Energy

Refreshed (N = 7) Rafraichi HEMSN Refrescado
Energetic (N = 6) Energique L]y Energético
Revitalized (N = 5) Revitalisé TERENN Revitalizado

5. Soothing/peacefulness

Relaxed (N = 7) Relaxé BEETFD Relaxado
Comforted (N = 5) Réconforté b LT Confortado
Soothed (N = 4) Apaisé BEMN Sossegado

6. Hunger/thirst

Mouth-watering (N = 5) Salivant SABREREN Com agua na boca
Thirsty (N = 3) Assoiffé = 5] Sedento
Famished (N = 2) Affamé numn Faminto

7. Interest

Amusement (N = 3) Amusement s Diversao
Interesting (N = 2) Captivant ARy Interessante
Impressed (N = 1) Impressionné HRRAN Impressionado
8. Nostalgia

Sad (N = 3) Triste Hon Triste
Melancholic (N = 1) Meélancolique g L) Melancoélico
Nostalgic (N = 3) Nostalgique FIEN Nostalgico

9. Spirituality

Spiritual feeling (N = 1) Sentiment spirituel T 3R Sentimento espiritual

5. Since many product researchers also collect sensory and hedonic data in addition
to emotion data, Schouteten et al. (2015) developed the EmoSensory®Wheel
(also see Schouteten et al. 2017). The method uses product specific terms and a
rate all that apply scaling approach. The Wheel is presented with a separate
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9-point hedonic scale; the EsSense Profile TM is usually presented with a hedonic
scale as well.

One of the key questions in emotion questionnaires is whether the emotion terms
should be mainly positive, or equally positive and negative. Do negative emotions
lead the respondent to use more negative emotions? Do more positive emotions do
the same thing? Hwang and Matsumoto (2016) report many more negative facial
expressions to products than with questionnaires.

Clinical research on eating disorders has tended to focus on negative emotions
(Macht 2008; Leehr et al. 2015; Sultson et al. 2017). For example, in the recent
development of the Positive-Negative Emotional Eating Scale, Sultson et al. used
7 positive emotion items and 12 negative emotion items. Evers et al. (2018) report
from their meta-analysis of the literature that only restrained eaters exhibit increased
eating following negative emotions (Evers et al. also present other recent meta-
analyses of these data.). In their meta-analysis, Evers include 52 studies where
negative emotions were induced drawn from 49 papers, and 13 studies where
positive emotions were induced drawn from 12 papers — one can see that negative
emotions dominate this clinical literature on emotions and eating. The authors
conclude: “Compared to negative emotions, however, positive emotions have hardly
been investigated in relation to its impact on eating behavior” (p. 204). Positive
emotions are reported to produce a small increase in eating.

Another question in emotion questionnaires is whether the emotion terms are
general or product category specific or product specific. There appears to be a place
for both more general and more specific approaches; the more general approaches
will probably have less discrimination between similar products but will be useful
across a broad range of products, reducing research cost and time. The more specific
approaches will probably produce sharper product differences, but will take more
time and hence greater cost. Commercially, larger international companies often
invest in their own methods, while smaller companies often use existing methods.

Yet another issue in questionnaires is their cross- cultural application and validity.
This subject has received attention for some time, but the awareness of the chal-
lenges of applying emotions from one culture into another culture is increasing
(Chentsova-Dutton and Lyons 2016). The typical problem is that emotion research is
often conducted in the West, most often in the English language. Then researchers
try to export that language to another country using a simple translation of the
emotion terms. This has proved to be inadequate. Two questions have been raised:
do the emotions from the first (English speaking) country exist in the target country?
And if the emotions exist, are the same words appropriate for that feeling? Ogarkova
(2016) has written about the problems of translation of emotion words. In addition,
van Zyl (2016) provides evidence that culture does not mean the same as language.
Comparing European and American Spanish speaking countries and Portuguese
speaking countries, van Zyl and Meiselman observed greater similarity in use of
emotion words between European countries than countries speaking the same
language in Europe and America. In other words, Brazil was more similar to Mexico
than to Portugal, and Spain was more similar to Portugal than to Mexico. The best
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advice seems to be that conducting emotion research cross culturally requires the use
of a multilanguage team of language experts and emotion experts. Simple translation
is usually not adequate.

An alternative to questionnaires to assess emotions is sentiment analysis
(Mohammad 2016) which is aimed at any text including social media messages.
Thus, this avoids many of the possible biases of emotion questionnaires, but it can
only be applied to food names, not to actual food products. One can search for a
product name (chocolate chip cookie) or a category (chocolate) or a brand and
examine the valence of the affective words used. This has the disadvantage of not
including a list of different emotions. It will be interesting to see how sentiment
analysis develops in the years ahead, as an alternative to questionnaires for the study
of food names. People might raise ethical questions about conducting research
without consent.

Finally, those using a substitute stimulus for an actual product, for example a
product name, must keep in mind that people often respond differently to a name and
to an actual product (Cardello et al. 2012). This is probably based in the tendency to
optimize the product when using a name; that is, consumers think of a good example
of the name, not an average or even poor version.

Body Measures of Emotions

Body measures of emotion include the following: skeletal muscle movements,
especially facial, vocalizations, postures, physiological responses mainly autonomic.
Body measures of emotion are often called intrinsic measures, while self-reports are
called extrinsic measures, and researchers sometimes express concerns with one or
the other type of measure (e.g., see Koster and Mojet 2015).

For some time there has been a serious search for alternatives to self-reports of
emotion, and many of these alternatives to self-reports have been body measures
(Jiang et al. 2014). The attraction is obvious: self-reports are plagued with real
biases, or the fear of biases. Body measures appear to be the bias-free alternatives;
objective measures of emotion. But what if self-reports and body measures do not
agree — which is valid?

While emotions displayed on the face have received a lot of the attention in body
responses of emotions, Aviezer et al. (2012) demonstrated that body posture com-
municates emotion valence better than the face. There should be more work on body
posture as a signal for emotion.

The evidence supporting vocalizations as a measure of emotion is weak at best;
simple models linking speech frequency or intensity have not shown much promise,
although research has examined more complex speech variables (Yang and Lugger
2010) as well as speech patterns of individuals. Yang and Lugger emphasize the
implicit aspects of speech in trying to connect speech and emotions, rather than the
linguistic content of the explicit aspects.

Facial Measurement: Both facial measurement and autonomic physiological
activity have been used to measure emotions. Facial measurement has been used
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as a measure of emotion for some time (Hwang and Matsumoto 2016); facial
measurement is achieved through observer judgments or through equipment which
senses the facial muscles. Observer trained facial measurement is time-consuming
and requires highly trained observers, which also takes time (can be 6 months of
training).

Direct measurement of facial muscle activity can use the Facial Action Coding
System (FACS) which measures 44 facial muscles. A faster version more specifically
aimed at emotions is EMFACS. Hwang and Matsumoto emphasize that measuring
facial muscle activity is not theory based, and can be used to measure facial muscle
movement in any situation (conversation, eating, etc). They claim that seven emotions
can be clearly recognized from facial muscles: anger, contempt, disgust, fear, happi-
ness, sadness and surprise. Note that only one of these is positive, happiness. Hwang
and Matsumoto argue that the relatively small number of emotions that can be coded is
actually larger if one views these emotions as categories of emotion rather than specific
emotions. For example, anger might include mad, enraged, annoyed and so
on. However, some would argue that there are subtle differences among these words
that might be of interest in some measurement situations. Hwang and Matsumoto
(2016) present data from studies of personal and homecare products (not food) and
found incongruence between self-reports and facial measures which often showed
negative emotions. This leads one to question whether self-reports and facial measures
are measuring the same thing — do they both measure emotion? Self-reports are direct
reports of an experience; facial measures are observer reports of muscle movement,
without reference to the experience.

Freitas-Magalhaes (2012) presents an interesting historical review of facial mea-
surement, and lists the many methods which are available in addition to FACS:

Freitas-Magalhaes concludes that facial measurement of emotion faces two
challenges: whether facial-emotion links are universal and whether they are cultur-
ally dependent. These arguments have been going on a long time (e.g., see Russell
1994) and a quick resolution is not likely.

One of the popular commercial systems for measuring facial muscles is
FaceReader™. FaceReader™ automatically measures the following emotions:
happy, sad, scared, disgusted, surprised, angry, neutral, contempt. Again notice
that happy is the only positive emotion. FaceReader™ has been used in studies of
foods. Danner et al. (2014) used a variety of measures of emotion in response to
different juices. For FaceReader™, they observed that negative facial expression
was stronger for disliked juices, but positive facial expression was not stronger for
liked juices. This confirms other research that facial expression is a better measure
for negative emotions than positive emotions, and for disliked products rather than
liked products. De Wijk et al. (2012) used FaceReader ™ with children and young
adults, and found that facial expressions only occurred to disliked foods., and they
occurred very quickly, and might be easily missed. Wei He, working in deWijk’s
laboratory (He et al. 2014) studied pleasant and unpleasant food odors, and measured
facial expressions and ANS responses. Unpleasant fish odor produced fewer neutral
facial expressions and more disgusted and angry expressions. Interestingly the
response time for the emotion “happy” was much longer than for the negative facial
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expressions. The results of these studies are a challenge in food research where most
food products are liked by most people (hedonic asymmetry), thus limiting the
applicability of facial measurement. Another practical implicit problem with facial
measurement is the challenge of using it while eating and drinking when a fork or
drinking glass might be in the way.

Autonomic Nervous System Measures

There is an obvious appeal to measuring emotions without asking leading questions,
and without the person’s knowledge of what you are trying to ascertain. Monitoring
autonomic responses like heart rate holds the promise of measuring emotions
without these complications. And researchers in affective behavior and physiology
have been measuring autonomic responses for some time.

Kreibig (2010) provided a summary of 134 papers on autonomic recording for
emotion research, noting that 34 were cardiovascular measures, 22 were respiratory
measures, and 6 were electrodermal measures. This tells us what types of autonomic
measures are being used in such research. Kreibig’s review shows that increasing
emotion does not always lead to increasing autonomic indicator — for example,
contentment and happiness, both positive emotions, do not have the same physio-
logical response. Further there are often different results among the studies. Kreibig
notes that both liked stimuli and disliked stimuli might increase hear rate, as well as a
number of other emotions (surprise, disgust etc).

De Wijk et al. (2012) found significant differences in finger temperature and in
skin conductance for liked and disliked foods, but did not find significant differences
for heart rate, the most commonly used autonomic measure. De Wijk et al. did not
ask for emotional responses. Danner et al. (2014) also found differentiation of liked
and disliked products with skin conductance and pulse amplitude, but not heart rate.
In the study by He et al. (2014) on facial expressions and ANS responses to pleasant
and unpleasant food odors, unpleasant fish odor produced higher heart rates and skin
conductance responses, and lower skin temperature. Heart rate differentiated
between odors after 400 ms, much faster than skin conductance and skin temperature
(Table 5).

Summary

Emotion measurement has been applied to eating and drinking for some time, first
from a clinical perspective and more recently from a commercial, product develop-
ment perspective. This work has grappled with several problems in the emotion
measurement area: the definition of emotions, the relative importance of positive and
negative emotions, the use of self-report or bodily measures, and the cross-cultural
differences which might exist. The field is now seeing a great deal of research and
application, and there will probably be some progress on these issues over the next
decade.
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Table 5. Associations between ANK patterns and specific emotions based on Kreibig (2010) (From de Wijk et al. 2012)
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Abstract

Infants are adept at communicating hunger, appetite, and satiation. While one cannot
really “know” what infants are attempting to communicate, it can be assumed that
crying after some hours of food deprivation relates to hunger, that decreased interest
in feeding relates to satiation, and that aversive facial expressions in response to a
new food reflect dislike. So at the very least, it can be said that infants express
fundamental needs as well as their likes and dislikes of specific foods. For infant
communication to be effective, caregivers should be able to understand infant cues,
and for this to happen reliably, communication cues should be easily discernible,
replicable, and responsive to changes in need state (Hetherington, Physiol Behav
176:117-124, 2017). For example, appetite signals should decline as the meal pro-
gresses, and expressions of liking and wanting should depend, in part, on the foods
offered. For responsive feeding to take place then, caregivers must be able to
recognize and respond to infant appetite cues and so provide appropriate nourishment
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and care to their infants. In this chapter progression from milk to solid food feeding
and the infant’s ability to self-regulate energy intake will be considered. The facial
expressions and overt behaviors infants use to communicate with caregivers about
their interest and willingness to eat will be characterized. Finally, sensitivity to the
ways in which infants communicate hunger, appetite, and satiation will be discussed.

Keywords

Appetite - Food intake - Facial expression - Gesture - Vocalization - Gaze
Responsive feeding - Infancy - Development

Costly and Cute: The Helpless Newborn Human

Human newborns are uniquely helpless after birth, compared to other primates.
They are entirely dependent on caregivers and require an inordinate amount of
attention. The human neonate has been described as “costly and cute” (Trevathen
and Rosenberg 2016); the costs refer to the dedicated labor and financial burden
involved in raising a child. Fortunately costs are balanced by the attractiveness of
the newborn and their capacity to captivate the attention of carers. The early
dependency of babies favors processes of learning and socialization and reinforces
the central importance of parenting in supporting healthy development.

The newborn is proficient at signalling hunger to their mothers via the hunger cry
(Gilbert and Robb 1996; Zeskind et al. 1985). The hunger cry is the culmination of
a series of behaviors from agitation, mouthing, and discomfort to a distress call.
Research on infant cries indicates that adults listening to cries are able to distinguish
the hunger cry from the pain cry through perceived and physical acoustic differences
(Zeskind et al. 1985). Over the first year of life, the hunger cry changes in acoustic
characteristics with an increase in fundamental frequency which signals the transi-
tion from reflexive to intentional crying (Gilbert and Robb 1996). As motor skills
develop, infants become more adept at communicating hunger, appetite, and satia-
tion in diverse ways. To be effective, however, communication between the infant
and the caregiver is dependent upon the sensitivity of the receiver to recognize,
interpret, and respond to these signals (Hetherington 2017). The World Health
Organization defines responsive parenting as “prompt, contingent and appropriate
interaction with the child,” and responsiveness is associated with better health
outcomes and psychosocial and cognitive development (WHO 2006). Therefore,
how infants communicate their energy needs and the ways in which parents respond
to them are key to healthy growth and well-being.

Before Mother’s Milk

Babies are born as “univores” securing all their nutrient and energy needs from
a single source, namely, milk. At around 6 m of age, infants are introduced to
solid foods as energy, and nutrient requirements can no longer be met by exclusive
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breastfeeding (WHO https://www.who.int/maternal_child adolescent/documents/
9241593431/en/). The solid foods “complement” nutrition and energy provided by
milk, thus the term “complementary feeding” rather than weaning, since infants can
be fed breast milk long after 6 m. The transition from univore to omnivore has been
described as the omnivore’s dilemma (Rozin 1976). The dilemma arises from
the potential hazards faced by the human infant when accepting novel foods. It is
at once necessary, but potentially challenging. Given that milk is sweet to taste, it is
said that infants are “hard-wired” to prefer sweet substances as an adaptive mech-
anism to secure a safe source of energy. To accept foods with different basic tastes,
the infant must experience novel odors, tastes, and textures. This transition is
enabled by both innate preferences and the capacity to learn, through mere exposure
and learned safety which foods are acceptable.

Interestingly, and long before this transition, babies experience flavor in utero.
Studies with animal and human participants demonstrate the role of fetal learning in
odor and taste preference acquisition. Fetal learning occurs when flavors derived
from the maternal diet are experienced via amniotic fluid. For example, Hepper
(1988) demonstrated fetal learning in an animal model by feeding pregnant rats
garlic or no garlic during pregnancy and then presenting garlic or onion in petri
dishes to their 12-day-old pups. As a measure of preference, the time spent by the
pups over each stimulus was recorded as well as the total amount of time spent on
each side of the cage containing the stimulus. Pups born to dams fed garlic preferred
garlic over onion and offspring of the control group showed no preference for either
stimulus. This finding was replicated in cross-fostered pups. Therefore, odor learn-
ing occurs in utero suggesting a biologically adaptive behavior which favors positive
associations with components of the maternal diet, perhaps to enhance kin recogni-
tion (Hepper 1996) and possibly to guide the developing pup to a safe, familiar food
source.

In the human equivalent of these studies, head and mouth movements are used to
indicate preference for odors in babies. For example, Soussignan et al. (1997)
investigated the response of 3-day-old babies to artificial (vanillin, butyric acid,
formula milks) and biological (breast milk, amniotic fluid) odors using recordings of
behavioral (facial and oral movements) and autonomic (respiration, differential skin
temperature) events. In these studies nose wrinkling and the “grimace” facial
expression were interpreted as disgust for an aversive odor (butyric acid) relative
to a positive odor (vanillin). These responses may reflect biological utility in guiding
babies away from odors that may indicate that a food is rancid (butyric acid) and
potentially harmful (Soussignan et al. 1997).

Marlier and Schaal (2005) video-recorded babies’ responses to breast milk or
formula using mouthing and head orientation in a choice paradigm. Human milk
produced more frequent mouthing and greater head orientation than formula even in
babies who had been formula fed. Evidently, the attractiveness of human milk
containing many different aromatic compounds familiar to infants via in
utero experience was preferred over formula which tends to be bland and of
uniform flavor.

Overall, these studies indicate that during the early postnatal period, young
animals, including humans, can express preference toward familiar odors
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(experienced in utero). The ways in which likes and dislikes are communicated in
early life are through a series of behaviors including oral activation like mouthing,
orientation or place preference, and facial expressions.

A Shared Love of Sweetness and Dislike of Bitterness

Facial expressions in response to different basic tastes have been well characterized
in newborn babies in the elegant studies conducted by Steiner (1977). In these
studies, likes and dislikes to pure tastants were recorded following delivery of the
substance via pipette to newborns. The subsequent, specific facial response to water,
sweet, sour, and bitter tastes were assessed to determine affective quality of the
tastes. Steiner observed distinctive tongue protrusions and “smile” responses to
sweet, lip pursing to sour, and the characteristic “gape” to bitter tastes. These facial
responses have been observed in nonhuman primates, and a collaboration between
Kent Berridge and Jacob Steiner resulted in mapping “sensory typical” and affective
responses to basic tastes across different mammalian species (Steiner et al. 2001).
These authors proposed that human hedonic and aversive reactions are directly
related to the taste reactivity patterns of other animals. For example, in both the
rat and primate, there is a shared tongue protrusion in response to sucrose in solution
(representing the sweet taste) and shared “gape” in response to quinine in solution
(representing the bitter taste). These responses are thought to be functional, in that
the tongue protrusion extends exposure time and coverage over the tongue of the
sweet solution which is liked and the gape allows ejection of the disliked, bitter-
tasting fluid from the mouth. Sweetness generally signals a safe source of energy,
and bitterness signals potential toxicity, and so neonatal affective responses are
adaptive.

In addition to facial expressions in response to foods which signal likes and
dislikes, human infants also have a diverse repertoire of more obvious and overt
acceptance and rejection behaviors which occur in advance of the substance being
tasted. For example, an obvious set of “approach/acceptance” behaviors indicating
appetite and “wanting” is the extent to which the infant gazes at the food in
anticipation of eating, leans forward to accept food when offered, and then opens
their mouth in readiness to eat. Then the avidity with which solids or liquids are
consumed provides further evidence of appetite. Once the food has been consumed,
the infant may then begin to show a slowed rate of eating and a series of overt
avoidance/rejection behaviors such as looking away from the food, gazing at other
objects in the environment, closing the mouth, arching the back, or turning the head
away (see Hetherington et al. 2016; Nekitsing et al. 2016; McNally et al. 2019).

In summary, infants signal their preference for sweetness and dislike of bitterness
through facial expressions. Beyond these basic responses which appear to be hard-
wired and phylogenetically old (shared with other species), human infants signal
acceptance and rejection as they experience new foods during their transition from
univore to omnivore, from consuming sweet-tasting milk to a broad range of
complex solid foods.
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Self-Regulation

Infants who are exclusively breastfed have already experienced a wide variety
of flavors from the maternal diet and are therefore more willing to accept novel
foods such as vegetables during complementary feeding (Sullivan and Birch 1994).
Breastfed babies regulate energy intake to match energy requirements, showing self-
regulation. For example, in a well-controlled, prospective study of exclusively
breastfed babies in a developed country, energy intakes from breast milk matched
energy requirements producing normal growth trajectories (Nielsen et al. 2011).
In this study, volume of milk ingested, energy intake, and milk energy content
were measured using the doubly labelled water method. This technique of providing
mothers with a dose of doubly labelled water then sampling urine is the gold
standard method for assessing energy requirements. In this study, when infants
were re-tested, between 15 weeks and 25 weeks, milk intake increased significantly
and matched energy requirement to sustain normal growth.

In another study where breastfed babies were randomized to complementary
feeding at 4 months or exclusive breastfeeding for 6 months, the researchers found
no difference in total energy intakes or body composition at 6 m (Wells et al. 2012).
Here, the stable isotope method was again used to determine precisely how much
energy requirement was achieved through milk, and then energy intake from
solid foods was determined using weighed intakes. The infants randomly assigned
to complementary foods at age 4 m consumed significantly less breast milk at age
6 m compared to the babies exclusively breastfed. Both groups showed the same rate
of growth and had similar energy intakes. Therefore, these studies provide evidence
of self-regulation during the first 6 m of life in breastfed babies.

In formula-fed babies, the capacity to regulate energy intake has also been
studied, and given that the content of formula can be manipulated, this permits
investigation of self-regulation related to systematic changes in energy density and
macronutrient content on total energy and nutrient intakes.

Fomon and colleagues (1971) gave one group of infants a lower energy density
(ED) formula (54 kcal/100 ml) or higher energy density formula (100 kcal/100 ml).
The babies assigned to the lower ED version consumed significantly more formula
but did not manage to match the energy intake of the higher ED formula group, so
gained less weight. More recently, Timby et al. (2014) randomized infants to receive
a lower protein, lower ED experimental formula (60 kcal/100 ml), or standard
formula (66 kcal/100 ml). Infants receiving the experimental formula consumed
a significantly greater volume to match the energy intake of the standard formula.

In a study of energy compensation, Brugailléres et al. (2019) provided carrot
puree with or without added oil to increase energy density of the puree to 11-month-
old infants; then they repeated the study at 15 m. They found that at 11 m infants
compensated at a test meal offered 25 min after the puree by 52%, but by 15 m this
depreciated to —14%. These data suggest that self-regulation may decline with age
and that infants need to have multiple exposures to low energy density foods with
added energy in order to learn about their postingestive consequences. This study
illustrates the potential role of learning in infant feeding.
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In summary, both breastfed and formula-fed babies show evidence of self-regu-
lation. However, with complementary feeding and the introduction of energy dense,
complex foods, infants appear to compensate for energy loads less well with
maturity. Therefore, there is a significant role for learning in the early years as
infants associate the sensory characteristics of different foods with their post-
ingestive consequences.

Nutritional Wisdom and the Role of Learning

As infants move away from milk as their only source of nourishment, they are
offered a range of solid foods to ensure appropriate nutrition. As mentioned, infants
have a positive, unlearned acceptance of sweetness, but they have an aversive, innate
rejection response to bitterness. This implies that infants must acquire a liking
for bitter tastes through experience, if they are to accept bitter tastes. The role
of learning, therefore, is crucial in the transition from univore to omnivore. In
the classic observations made by Dr. Clara Davis in the late 1920s and 1930s, she
demonstrated the capacity of infants to select a diet from an array of raw and cooked
foods to sustain healthy growth (Davis 1928, 1939). The small number of infants she
followed generated a huge data set as all meals were recorded for up to 6 years
(Strauss 2006). The infants were given solid foods on a tray, and they could select
whatever they wanted. Nurses who were present to ensure the safety of the infant
were instructed not to guide the infant’s choice. Overall, the infants selected a range
of around ten foods per day and achieved a balanced diet, which ensured their health
and well-being. One infant reversed symptoms of early-stage vitamin D deficiency
(rickets) through selection of cod liver oil. The meal patterns of these infants during
complementary feeding provide evidence of “nutritional wisdom,” namely, when
offered a variety of wholesome foods, infants choose well — they did not simply
select their preferred sweet foods but consumed a number of foods, and in some
cases the infant preferentially consumed more of the cooked version of the food
compared to the uncooked (see Table 1). Although infants have an innate preference

Table 1 An example of food intake in an 18-month-old infant from Dr. Clara Davis (1939) and her
study of “nutritional wisdom”; note the difference in the weight of raw and cooked apple and oats,
indicating that the cooked versions were preferred

7 a.m. breakfast 5 p.m. supper

60 cc milk 230 cc milk (Grade A)
26 g raw apple 50 g fish

62 g cooked apple 1 cooked egg

100 cc orange juice 20 g raw tomatoes

0 67 g cooked wheat 150 g banana

0 15 g cooked barley 100 g orange segments
0 16 g cooked liver 10 g raw oats

0 50 g cooked sweetbreads 56 g cooked oats
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for sweet, they nonetheless acquire a liking for a variety of foods covering all the
basic tastes in order to attain adequate nutrient intakes, and sufficient energy to
match requirements. Of course, this “experiment” demonstrates nutritional wisdom
under very constrained circumstances, and it is not clear given the modern food
environment of highly palatable, energy dense, nutrient-poor foods that infants
would also select as wisely. These early studies by Davis reinforce the
importance of learning that the infant’s appetite is influenced by the food environ-
ment presented and that given a range of foods, infants select well and not only
their most preferred item.

Vegetables as a First Food

At the time of complementary feeding, when infants make the transition from
univore to omnivore, they are uniquely willing to try new flavors (Harris 2008).
A number of researchers have used vegetables as a first food during complemen-
tary feeding. In part this is because intakes of vegetables tend to be below
recommendations globally and establishing liking for these foods in early life
may provide the foundation for preferences later on (Barends et al. 2013;
Hetherington et al. 2015; Remy et al. 2013). To test whether early exposure to
vegetables as a first food enhances acceptance of vegetables, infants were ran-
domly assigned to a control group receiving no prior vegetable experience or an
intervention involving a step-by-step introduction of novel vegetable purees over
24 days. In the first 12 days of complementary feeding, vegetables were added to
milk and then to cereal for the next 12 days (Hetherington et al. 2015). Acceptance
was measured using intake, ratings of liking by mothers and researchers, as well
as filmed facial and behavioral responses to pureed vegetables offered on days 25
and 26 (carrot on d25 and green bean in d26). Video recordings were coded using
the Feeding Infants: Behaviour and Facial Expression Coding System (FIBFECS,;
Hetherington et al. 2016) with six acceptance/rejection behaviors (turns head
away, arches back, crying/fussing, pushes spoon away, leans forward, and rate
of acceptance; see Fig. 1) and seven facial expression items (brow lowered, inner
brow raised, squinting, nose wrinkling, lip corners down, upper lip raised, and
gaping). Examples used in the training from the coding system are provided in
Fig. 1.

In this same study, infants were offered nine consecutive spoonfuls of vegetable
purece, and behaviors and facial expressions were assessed per spoonful.
When offered vegetable puree, the infants from the intervention group showed
a greater duration, pace, and consumption of each vegetable than the infants from
the control group. Investigator ratings (but not maternal ratings) of liking were
sensitive to group assignment with higher ratings for vegetables in the intervention
compared to the control group. Overt acceptance and rejection behaviors (reflecting
wanting) differed by group assignment. Infants with prior vegetable exposure
showed fewer rejection behaviors and more acceptance behaviors than those in the
control group. Facial expressions related to aversion did not differ by group
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Cue

Baseline

Response

Gape

Turn head away
(THA)

Pushes spoon
away (PSA)

Leans forward
(LF) ready to eat

Opens mouth in
anticipation of
food acceptance

Fig. 1 Facial expressions and overt behaviours filmed at baseline and in response to vegetables
offered during weaning

but did differ by vegetable. Thus, more frequent aversive facial reactions were
observed in response to the green bean than to carrot. This may reflect the natural
sweetness of the carrot which is accepted more easily than the green bean which is
less sweet.
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In summary, vegetables offered as a first food tend to be well accepted, and there
has been a consensus statement promoting vegetables as a food to offer during
complementary feeding in order to encourage preference development for vegetables
(Chambers et al. 2016). Infants exposed to vegetables at complementary feeding
added to milk then to cereal show evidence of liking and wanting for these foods as
a function of learning. Mothers may misattribute facial expressions as disgust or
dislike, but these may simply be surprise, and it may take many exposures (between
five and ten) before children accept bitter-tasting, green vegetables.

Recognizing Infant Appetite Cues in the Transition to Solids

So far, we know that infants are capable of signalling appetite, that they acquire
liking for foods through experience, and that they are capable of self-regulation
to meet energy needs. How then do infants signal interest in food, readiness to
progress to solid foods, and sensations of hunger, appetite, and satiety? The types of
cues which infants use at various stages of development are summarized in Table 2
(adapted from Pérez-Escamilla et al. 2017).

Mothers have been interviewed to investigate how they know when to introduce
solid foods (e.g., Anderson et al. 2001). In this study, readiness was signalled in
terms of visual interest in foods eaten by family members. Hunger cues were
described in relation to babies’ characteristics (e.g., age, weight), their overt behav-
ior (e.g., rapid rate of milk consumption, agitation, “chewing” their hands), and
external factors such as time of day and time since last feed. Mothers reported being
able to identify a “hungry cry,” and they reported satiation cues in terms of
expressions of contentment, especially infants appearing more settled after a feed.

Hodges et al. (2008) investigated cues which prompted mothers to initiate
and end feeding. Like Anderson et al. (2001), the authors found mothers used both
infant behaviors and external cues (e.g., time) to identify hunger. Typical hunger
cues in this study were crying, fussing, and licking the lips, and these were reported
across several age groups (3, 6, and 12 months). Common satiation cues included
pulling away, spitting food out, and refusing food. The prominence, intensity,
and specificity of infant cues guided decisions about initiating and ending feeds,
and mothers found cues easier to interpret with increasing infant age.

Hodges et al. (2013) went on to develop a tool to characterize and code respon-
sive feeding called The Responsiveness to Child Feeding Cues Scale (RCFCS).
This tool has 20 types of hunger cue and 28 types of satiation cue which can be
recorded during meals. Hunger and satiation cues are further categorized as “early”
(e.g., increased alertness), “active” (e.g., excitatory movements), and “late” (e.g.,
fussing and crying) in order to reflect changes in cue intensity. The authors found
that mothers were typically more responsive to hunger than satiation cues. However,
better responsiveness to satiation was predicted by maternal characteristics such as
healthy BMI, longer breastfeeding duration, and higher educational level.

In their study of the changes in feeding cues expressed over time, Hodges et al.
(2016) observed mother-infant pairs during mealtimes at infant ages 3, 6, 9, 12, and
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Table 2 Hunger, Appetite, and Satiation cues by approximate stage of development; adapted from
the Feeding Guidelines for Infants and Toddlers, Perez-Escamilla et al (2017)

Age Hunger
0-6 Agitation, mouthing,
months | sucks on fist,

fussing, distress cry
4-6 Fussing, crying,

Appetite
Orienting/mouthing, rapid
sucking, then slows down

Visual interest in foods

Satiation

Rate of sucking slows and
stops, seals lips together,
ejects nipple, sleeps

Rate of sucking slows, rate of

months | agitation, shows offered, licking lips, opens food acceptance slows then
excited arm and mouth in readiness to eat, stops, gaze aversion
hand gestures leans forward to receive
food, feeds avidly then slows
down
5-9 Reaches for food, Visual interest in food Eating slows, pushes food
months | points to food offered, leans forward to away, turns head away, twists
accept food, eats avidly then | body away, gaze aversion,
slows increased exploratory gaze,
plays with food or utensils
8-11 Reaches for food, Gazes at food, interest in Eating slows, pushes food
months | points to food, gets food offered, self-feeds, eats | away, turns head away, twists
excited in the avidly then slows body away, gaze aversion,
presence of food increase in exploratory gaze,
plays with food or utensils,
gets restless to leave table
10-12 Uses sounds and Gazes at food, self-feeds, Eating slows, shakes head to
months | language to gestures for more food, indicate “no more,” gets
verbalize interest in eating rate initially rapid restless to leave table
eating then slows
12-24 Combines gesture Gazes at food, self-feeds, Uses specific utterances such
months | and vocalization to eating rate initially rapid as “all done” and “get

down,” plays with food or
utensils

express need to eat then slows

18 months in the home. They used RCFCS at each time point and noticed that
fullness cues became more diverse and less subtle over time. For instance, in the first
two observations (3 m and 6 m), disinterest, falling asleep, and decreased muscle
tone and activity signalled fullness, but during the later observations, pushing or
pulling away and communicating “no” verbally became more apparent. In relation to
appetite, postural attention and reaching for food increased after 6 months. As the
infant develops, their motor and language skills enable them to assert interest or
disinterest in eating.

Similarly, a study by Skinner et al. (1998) used pictures of hunger cues,
and mothers were asked at what age these were displayed by their baby. The authors
reported that cues of readiness to eat (e.g., opening the mouth as the spoon
approached) appeared at a younger age than satiation behaviors (e.g., closing
the mouth to reject food) (4.4-5.7 months vs. 5.8-7.5, respectively). Food dislikes
were communicated via facial expressions and by body movements, such as turning
the head or the body away from food or throwing food away. These signals of
food dislike appeared by 8 m of age, and strong indications of food likes and dislikes
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increased in frequency with age. Overall, mothers reported that their infant’s ability
to communicate improved in scale and scope over time in tandem with the mother’s
improved skill in interpreting this communication (Skinner et al. 1998).

Visual interest in food items during a meal followed by disinterest has been noted
in a number of studies as an indicator of appetite and satiation. For example, gaze
aversion, when infants look away from the caregiver as food is offered, is identified
as a potent disengagement cue (Sumner and Spitz 1994), and visual attentiveness to
the caregiver at the start of a meal is regarded as an indicator of infant feeding
responsiveness (Hodges et al. 2013).

Recent evidence from the Leeds laboratory has demonstrated that shifts in gaze
may reflect changes in interest in food during a meal (McNally et al. 2019). In this
study, 20 mother-infant pairs were filmed consuming a solid meal on two separate
occasions. Infants were aged between 6 m and 18 m (mean age 11.7 months +3.40).
All infants had been breastfed at birth for at least a few days, average breastfeeding
duration was 24 weeks, and solids had been introduced at around 22 weeks. Gazing
at food was most frequent during the initiation of eating and then declined during the
first course. At the same time, exploratory gaze involving intent gazing at feeding
utensils, food remnants, or other objects while touching or manipulating them
increased during the first course. Interestingly, when a second course was presented
to the infants, gazing at food resumed in the early stage of intake and then declined
over time, perhaps signalling sensory-specific satiety (McNally et al. 2019).

Mothers’ perceptions of infant feeding cues in the first 2 years of life generally
reveal that hunger cues are easier to perceive than satiation cues and that feeding
cues are easier to interpret as children grow older (McNally et al. 2016). It is likely
that with developmental maturity, infants become more adept at communicating
hunger, appetite, and satiation. However, caregivers must also learn to recognize and
respond to these cues over time.

In summary, during milk feeding, the first form of communication about hunger
status is through hand to mouth, agitation, orienting toward the breast/bottle, and
culminating in the “hunger” cry. As infants develop, infants signal interest in solid
foods through visual interest in family foods, fussing, agitation, and licking their
lips. Appetite is signalled by mouth opening in response to food, eagerness to accept
foods offered, the rate at which food is accepted, and gazing at food. Satiation is
initially signalled through disinterest and sleep and later signalled through avoidance
cues such as slower rate of acceptance of food offered, gaze aversion, turning
the head away, pushing food or spoon away, and twisting the body away from
food offered. As children progress to solid foods, the approach and avoidance
behaviors develop further in scale and scope. With maturity, infants begin to use
language to signal enjoyment of food and to indicate likes/dislikes. The urgency and
survival value of communicating hunger is simple, strong, and dramatic, taking
precedence over other needs. Cues to signal fullness appear later than hunger cues
and responsiveness to these may depend on characteristics of the mother including
breastfeeding duration, BMI, and education. Gazing at food appears to reflect
interest in eating (appetite), and this wanes during the course of a meal. Therefore,
there are a number of cues used by infants to signal their underlying need state which
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change as the infant is fed; and it is up to caregivers to notice these subtle changes in
cue communication.

Responsive Feeding: Cue Recognition and the Role of Feeding
Method

The extent to which mothers and other carers identify, recognize, and respond
to infant feeding cues will determine whether infants are fed responsively. The
ways in which parents feed their children and their understanding of their infant’s
appetite cues influence the early entrainment of appetite control (Disantis et al. 2011;
Hurley et al. 2011). For example, DiSantis et al. (2011) proposed that “responsive”
mothers are sensitive to hunger and satiation cues and respond appropriately, while
discordant responses to infant cues such as pressuring to eat or overriding the cues
of satiation might increase overfeeding and risk of obesity. Similarly, Worobey et al.
(2009) found that mothers with lower sensitivity to feeding cues at 6 months had
infants who gained more weight between 6 and 12 months than mothers with a higher
level of sensitivity. Also, restrictive and indulgent feeding practices were associated
with a high BMI in infants and young children (Hurley et al. 2011), and the use
of assertive prompts to eat and intrusiveness during the meal predicted higher
adiposity in toddlers (Lumeng et al. 2012). Taken together this evidence indicates
that parents may override infant signals of hunger, appetite, and satiation and
superimpose their own expectations about when eating begins, how much to feed,
and when eating ends.

Mothers who breastfeed might be more responsive to infant feeding cues than
mothers who formula feed assuming that mothers who breastfeed situate control of
the timing and volume of milk feeds with their baby. When mothers feed formula or
breast milk via a bottle, they are more able to judge the volume consumed, and the
temptation to encourage babies to finish the bottle is possible. It has been found that
more intensive bottle feeding (breast milk or formula) results in a greater risk of
overconsumption (Li et al. 2008, 2010) and, therefore, it is not merely the source of
the milk supply but also the delivery method which matters for weight regulation.
Feeding from a bottle (breast milk or formula) is also associated with a lower ability
to self-regulate intake than feeding directly from the breast (Arenz et al. 2004).

In order to understand better the potential differences in mealtime interactions
based on prior milk feeding experience, we conducted a series of investigations in
the UK and Israel on the same cohort of infants from the milk feeding stage to solid
food introduction to 24 m (Shloim et al. 2014, 2015, 2017, 2018). Milk feeding was
filmed in 27 mothers (13 breastfeeding; 14 formula feeding), and infant appetite cues
were recorded when the infants were aged between 3 and 22 weeks. Engagement
(interest in the feed) and disengagement (signalling disinterest) cues during the feed
were recorded at the beginning, middle, and end of the meal. Examples of engage-
ment cues included sucking sounds, mutual gaze, and opening the mouth in readi-
ness to feed, whereas examples of disengagement cues included pushing away or
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back arching. Over time, engagement cues tended to decrease, and disengagement
cues tended to increase, reflecting the transition from interest in milk to disinterest
and satiation. Breastfed infants tended to display both types of cue more frequently
than formula-fed babies, and they opened their mouth indicating readiness to eat
at the beginning of the feed compared to formula-fed infants (Shloim et al. 2017).
This suggests that breastfed babies were more active participants in the feed and
signalled more to the mother their appetite and satiation status.

Mothers from the same cohort were then filmed during mealtimes on four further
occasions postpartum (2—6 m, 812 m, 1418 m, and 20-24 m). Feeding behaviors
were coded using the Simple Feeding Element Scale (Shloim et al. 2015). In the first
measurement postpartum, mealtime interactions indicated that women who breastfed
(rather than bottle fed or fed solids) presented fewer distractions during the meal,
provided a more ideal feeding environment and fed more responsively (Shloim et al.
2017). In the subsequent measurements, infants were more likely to communicate
potent engagement cues such as babbling, mutual gaze, and looking at mother with
developmental maturity, whereas disengagement cues remained stable over time.
Interestingly, disengagement cues such as fussing and tray pounding were most
likely to occur at the end of the meal signalling disinterest in eating (Shloim et al.
2018).

Interventions to encourage more responsive feeding in bottle-fed babies have
been conducted by Ventura and her colleagues (Ventura and Golen 2015; Ventura
and Hernandez 2018). In these studies, mothers were given clear bottles or
opaque, weighted bottles from which to feed their infants. The opaque, weighted
bottles resulted in mothers feeding infants less formula, feeding them at a slower
rate, and displaying more sensitivity to the infant’s satiation cues compared to
using the standard, clear bottle (Ventura and Hernandez 2018). This simple
manipulation appeared to direct mothers away from crude volume control toward
reading their infants better. Crucially, there was a strong moderating effect of the
clarity with which infants expressed satiation cues. Thus, infants who were rated
as displaying more obvious satiation cues were fed less in the opaque condition
than the clear condition, whereas lower clarity of cues resulted in equivalent
amounts of milk fed to babies in each bottle condition. This illustrates the
importance of infant proficiency in expressing cues as well as maternal sensitivity
to these cues.

In summary, developmental maturity ensures that infants express more diverse
and assertive means of communicating hunger, appetite, and satiation; however,
responsiveness to these cues may be influenced by features of the mother such as her
BMI and the ways in which she feeds her baby (via breast or bottle). There is
evidence that breastfeeding mothers are more responsive to their infants, and in part,
this could be due to the communication proficiency shown by breastfed babies
(Shloim et al. 2017). Finally, the bidirectional nature of the mealtime interaction
means that more proficient communication of appetite and satiation by the infant
may also result in more responsive feeding by mothers, and responsive feeding in
turn encourages greater proficiency in expressing appetite and satiation cues.
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Conclusions

Infants make the transition from univore to omnivore and, in so doing, demonstrate
a diverse range of ways to communicate to caregivers their needs. They become
more adept at conveying appetite, interest in food, liking, wanting, and satiation
through a range of behaviors. Babies are capable of self-regulation demonstrated
during milk and early solid food feeding, but the ability to compensate for additional
energy in the short-term declines with age. Therefore, caregiver responsivity to
infant communication is central to facilitating self-regulation. A number of research
tools have been developed and tested to identify the communication cues used by
infants. Some coding systems can be applied to detect liking and wanting first foods
offered around the time of complementary feeding (Hetherington et al. 2016;
Nekitsing et al. 2016). Other tools such as the RCFCS permit a sensitive analysis
of the ways caregivers recognize and respond to child feeding cues (Hodges et
al. 2013). Mealtime interactions reveal the bidirectional and reciprocal nature of
communication between infants and their caregivers, and targeted interventions
designed to promote responsive feeding have shown that parents’ ability to respond
to their infant is modifiable. In summary, human infants are highly dependent on
their caregiver to provide sufficient energy for survival; they are capable of self-
regulation but need the caregiver to respond promptly and appropriately. Recording
mealtime interactions offers the researcher a means to identify the bidirectional
nature of responsive feeding which is based on caregivers being able to recognize
and respond to infant communication. Characterizing infant cues and encouraging
caregivers to engage in responsive feeding may provide an opportunity to intervene
to promote self-regulation, healthy eating, and growth. However, infants also vary in
their proficiency to communicate energy needs and eating traits such as fussiness
may contribute to difficult mealtime interactions. Understanding both the caregiver’s
ability to recognize cues and the infant’s ability to convey their needs is crucial
to effective communication of hunger, appetite, and satiation.
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Abstract

This chapter describes the development of eating and drinking in typically
developing children up to the end of school age. Together with physiological
and cognitive development, children’s eating behavior undergoes major evolu-
tions. During the early period when eating is essential to sustain growth, children
eat easily and at the onset of complementary feeding discover the foods of their
future diet which are marked by distinct tastes, flavors, and textures from the milk
they had received before. Then they undergo a period when they may become
picky and/or neophobic, which may last until school age. For this reason, eating
and drinking will first be described in infancy, before the onset of food neophobia
(from birth to 23 years), during the preschool years (from 2-3 years to 6 years),
and right after this period, in school-aged children (from 7 years until 11 years).
The mysteries of (pre)adolescent eating and drinking will not be covered in this
chapter. Then, within each section, the following aspects will be covered: sensory
capacities, likes and dislikes, attitudes and thinking, and role of the environment,
including the family environment.

S. Nicklaus (<)

Centre des Sciences du Gofit et de I’Alimentation, AgroSup Dijon, CNRS, INRAE, Université
Bourgogne Franche-Comté, Dijon, France

e-mail: sophie.nicklaus@inrae.fr

© Springer Nature Switzerland AG 2020 391
H. L. Meiselman (ed.), Handbook of Eating and Drinking,
https://doi.org/10.1007/978-3-030-14504-0_172


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-14504-0_172&domain=pdf
mailto:sophie.nicklaus@inrae.fr

392 S. Nicklaus

Keywords

Children - Eating - Drinking - Healthy foods - Unhealthy foods - Taste - Smell -
Texture - Pleasure - Cognition - Parental feeding practices

Introduction

How to cover such a complex topic as eating in childhood in one chapter? It is a
challenge, because eating and drinking in childhood are nearly as complex as in
adulthood, if not more, given the developmental aspect specific to childhood! Infants
are born with sucking abilities and within a year from birth will transition from their
mother’s breast to the family table. What a journey through eating and drinking!
First, concerning childhood, it may be relevant to refer to “drinking and eating”
rather than to “eating and drinking,” because children start their journey through the
consumption of foods and drinks by first consuming a unique liquid substance,
(breast) milk. It is only by about the first half of the first year that foods other than
milk start being consumed. This corresponds to the recommendation of the World
Health Organization regarding the ideal age for introduction to complementary foods
(WHO World Health Organization 2003). This recommendation is universal because
according to the WHO, human milk is the most adapted food for all newborns, but
this is all the more true in parts of the world where access to potable water (which is
needed for the preparation of infant formula as a substitute for breast milk) is not
granted. However, because some women have working activities outside the house-
holds in many countries, a transition to other foods than breast milk may be
necessary before the age of 6 months, which may have led pediatric societies
throughout the world to suggest the introduction to complementary foods as of the
age of 4 months (as observed for the European Society for Paediatric Gastroenter-
ology, Hepatology, and Nutrition (Fewtrell et al. 2017), the Chinese Ministry of
Health, and the Japanese Ministry of Health (in (Inoue and Binns 2014)), to name a
few examples). The WHO recommendation is related to the protective effect of
breastfeeding against infections and, as suggested more recently, to the positive (but
unwanted) association between the initiation of complementary feeding before
4 months and the development of overweight and obesity (English et al. 2019).
Introduction of complementary foods about the first half of the first year is also
related to the developing feeding skills of the infant, which strongly evolve during
the course of the first year (Fewtrell et al. 2017; Nicklaus et al. 2015). When the oral
cavity increases in size, when lips and the tongue are able to retain food in the mouth,
when coordinated lateral then rotatory movements of the jaws are developing, only
then is the infant able to process foods other than liquids in the mouth (Nicklaus et al.
2015). These tremendous developmental features happen in a relatively short period,
which constitute a “window of opportunity” to learn about food (Nicklaus 2016b).
Therefore, during childhood, “eating and drinking” first mean drinking and progres-
sively mean eating at the family table where children will ultimately eat like their
parents, if they are provided with the opportunity to learn about “adult” foods.
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“Eating and drinking” in childhood must also be considered in relation to the
various functions of eating and drinking. In childhood as later during adulthood,
“drinking and eating” first serve the primary function of covering nutritional needs
for maintaining body functions, with the specific nutritional need to cover healthy
growth. Second, “drinking and eating” deliver pleasure, through the presence of the
mother (importance of her physical contact as shown in skin-to-skin practice, of her
body warmth, of her voice, her smell, etc.) (Schaal 1988), through the positive
reinforcement related to the cessation of the painful feelings related to hunger, to the
satisfaction related to satiation and the ingestion of calories, and through the
pleasurable sensory properties of foods that are either immediately pleasant to the
child or learned through experience with foods. Third, “drinking and eating” con-
tribute to socialization; and for children it is essential to learn to eat like their
siblings, in order to develop social competencies that will enable their integration
to social activities encompassing eating, such as schooling. Finally, because drinking
and eating are so embedded into our daily lives, they also contribute to define one’s
identity, and the food choices that we make daily carry important symbolic values
toward others. This is true also in children, and many of children’s reactions to
parental feeding strategies can also be interpreted in relation to defining their own
identity.

In order to describe the main features of eating and drinking in childhood, this
chapter is organized in different sections related to the main stages related to eating
in this particular age range. One important dimension to account for regarding eating
in children is the development of a phase during which children exhibit strong
neophobic reactions (i.e., reluctance to eat and try new foods) and may come to
reject foods that were previously eaten. This phase generally starts by the end of the
second year, when marked signs of food neophobia/fussiness/pickiness become the
norm (and may concern at least three children out of four), and fades away by about
8 years of age (Dovey et al. 2008; Nicklaus and Monnery-Patris 2018; Rioux in
press; Taylor et al. 2015). For this reason, eating and drinking will first be described
in infancy, before the onset of food neophobia (from birth to 2-3 years), during the
preschool years (from 2—3 years to 6 years), and right after this period, in school-
aged children (from 7 years until 11 years). The mysteries of (pre)adolescent eating
and drinking will not be covered in this chapter. Then, within each section, several
aspects related to eating will be described. First, sensory capacities will be exposed,
because at an early stage in life, sensory-motor inputs play a particularly important
role in determining food choice decision-making. Then, likes and dislikes will be
explained, which develop in relation to dietary experience. Third, attitudes and
thinking abilities will be described, since cognitive abilities strongly evolve across
childhood. Finally the role of the environment in shaping eating and drinking will be
explained, focusing in particular on the role of the social environment (including
family environment), which changes drastically across development.

This chapter focuses on the development of eating behavior of typically develop-
ing children and does not cover the potential specific needs of children with atypical
development, whether it stems from physiological or psychological impairment.
Furthermore, most of the studies used to document this chapter were conducted in
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Western Europe or in the USA. While one may reasonably assume that these pieces of
evidence relate to fundamental learning mechanisms, in relation to physiological and
psychosocial factors, it may be questioned whether the phenomena described in this
chapter hold true in all parts of the world. More specifically, many factors that
strongly relate to the development of eating and drinking are so variable across the
globe (food availability (in relation to climate variations), cooking habits, culture and
prejudices about infant and child feeding, socioeconomic development, parental
feeding practices, parental feeding and parenting style, exposure to food commercial,
etc.) that their independent or combined influences on all aspects of children’s
development of eating and drinking are not known with precision. Whenever possi-
ble, examples from non-Western countries will be exposed.

Infancy: Drinking and Eating Before the Onset of Food
Neophobia: The Golden Age

Sensory abilities. Infants are born with the capacity to taste and smell drinks and
foods (Lipchock et al. 2011). While it is difficult, if not impossible, to compare
infants and adults sensitivities to tastes and smells in line with strong differences in
applicable methods, several studies indicate that infants display finely tuned abilities
to differentiate flavors of foods and drinks, which can be inferred from their
preferences. For instance, they can distinguish the smell of milk from that of
water, the smell of breast milk from that of formula milk, and the smell of their
mother’s milk from the smell of another lactating woman (Marlier et al. 1998). They
can also demonstrate a preference for an odor that was experienced in utero, which
also reveals the transnatal continuity in terms of food flavor learning (Schaal 2005).
They can differentiate and prefer the odor of vanilla compared to the odor of butyric
acid (Soussignan et al. 1997). Concerning taste perceptions, newborns are able to
display a variety of facial expressions and behavioral responses when they are
exposed to the different primary tastes (sweet, salty, sour, bitter, and umami)
(Lipchock et al. 2011). Later in development during infancy, infants still show
contrasted preferences across the primary tastes, but preference for all tastes do not
evolve in the same way: for instance, the preference for salty taste increases sharply
during the first year (Schwartz et al. 2017). Regarding manipulation of food textures,
infants are born with very limited oral skills that only enable sucking during the first
months (Nicklaus et al. 2015). However, they can develop control over sucking
during the first months and can refrain from drinking a formula milk that they do not
like, as was shown in the case of hydrolyzed protein formula (generally prescribed in
case of allergy to cow milk proteins). Such formulas have a strong flavor (bitter, sour,
in relation to the hydrolysis of the formula into smaller peptides), which children
start rejecting around the age of 3.5 months (Trabulsi and Mennella 2012). Their
abilities to develop more sophisticated oral control over food gradually evolve
during the first years of life, but it is only when final denture is in place that chewing
efficiency of children reaches adult maturity (Nicklaus et al. 2015). This happens
during preadolescence.
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Food likes and dislikes. In relation with these finely tuned and developing sensory
abilities, infants exhibit a marked development in terms of food likes and dislikes.
From birth on, their preferences are strongly dependent upon their food and flavor
experience (Nicklaus 2016a; Schaal 2016; Trabulsi and Mennella 2012). This may
be interpreted as an adaptation mechanism to enable the chemosensory guidance
toward foods that are safe to eat within a given environment. This conclusion may
appear as very broad, but several pieces of evidence can support it. At birth,
preference for an odor can be guided by prenatal exposure to the same odor present
in a food consumed by mother: this was shown concerning the consumption of food
containing the anise flavor (Schaal et al. 2000). At the start of complementary
feeding, children’s preference for food flavor can be related to prior learning, during
pregnancy as shown regarding exposure to carrot flavor (Mennella et al. 2001) or to
green vegetable flavor (Wagner et al. 2019) or to prior learning during lactation as
shown regarding exposure to carrot flavor (Mennella et al. 2001), to caraway flavor
(Hausner et al. 2010; Wagner et al. 2019), or to green vegetable flavor (Wagner et al.
2019). The exposure to the flavor of garlic during pregnancy was even shown to
influence children’s preference for garlic flavor in a potato gratin up to adolescence
(Hepper et al. 2013). The exposure to vanilla flavor in the context of milk feeding
was shown to influence adult’s preference for vanilla flavor in a ketchup (Haller et al.
1999), revealing the long-term influence of such an early sensory imprinting on food
preference. Epidemiological studies also point to the association between
breastfeeding and further acceptance of fruit and vegetables (Burnier et al. 2011;
de Lauzon-Guillain et al. 2013; Skinner et al. 2002).

Preferences for foods at the onset of complementary feeding can be modulated by
milk feeding experience, in relation to the milk composition independently from the
maternal food consumption, in the context of breast milk (Schwartz et al. 2013) or
formula feeding (Beauchamp and Mennella 2011). After the initiation of comple-
mentary feeding (introduction of foods other than milk to the child’s diet), children
can process foods which have a soft texture (like infant cereals or purees foods) but
are still limited in their ability to process hard/chewy foods (Demonteil et al. 2019),
but in terms of flavors, they tend to accept a wide variety of foods (Lange et al.
2013). Notably, the liking of a food (judged from parental reports) can differ as a
function of food taste, and infants may like more foods that have a saltier taste
(Schwartz et al. 2011), in relation with the development of salt taste preference
(Schwartz et al. 2017). This is not a good news because the consumption of sodium
is advised against at this stage of life, in relation to kidney immature functioning.

The beginning of complementary feeding itself is fundamental period for children
for learning about foods. Many experiments conducted during this period show that
repeated exposures help children to like a variety of foods (Sullivan and Birch 1994),
even foods they did not like right away (Maier et al. 2007). The diversity or variety of
foods fed during this period is also strongly supporting the development of likes for
unknown foods. Studies in this area showed that the introduction of three different
types of vegetables (or fruits) at the very beginning of complementary feeding instead
of one type only is associated with a higher acceptance of a new food right after
this period (Gerrish and Mennella 2001; Maier et al. 2008; Mallan et al. 2016;
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Mennella et al. 2008), which demonstrated lasting effects on intake of familiar or
novel vegetables up until the age of 6 years (Maier-Néth et al. 2016). The effect of the
introduction of a variety of foods on the development of food preference may depend
on the age of children: a study conducted in the UK showed an effect of the
introduction to a variety of vegetables on acceptance of a new vegetable in infants
introduced to complementary foods after 6 months, but not before 6 months
(Coulthard et al. 2014). A study conducted in three cultural contexts (the UK, Greece,
and Portugal) where feeding practices are different (high vegetable variety at the
beginning of complementary feeding in Portugal but low in Greece and the UK)
showed that the effect of an imposed pattern of vegetable variety introduction has
more effect on children’s acceptance of a new vegetable in countries where parents
were not culturally inclined to provide a high variety of vegetables (e.g., in the UK
and Greece) than in a country where an introduction of a high variety of vegetables is
the norm (e.g., in Portugal) (Fildes et al. 2015).

Having a look about the first complementary foods that are fed around the world
is useful to understand how early feeding practices relate to cultural eating habits, as
represented in Fig. 1. The types of foods fed in a given culture are generally related
to the food availability in this country, to the existence of core foods in the diet (e.g.,
tortilla in Mexico, legumes and nuts in India, tuber and roots in Egypt). Some
regularities can also be observed, like the use of local or commercial cereals or
grains and the introduction of vegetal products, like fruit, vegetable, roots, and tuber,
while the diet is still rich in milk.

Altogether, this period appears as fundamental for learning about food likes.
Beyond the repeated exposure mechanism for learning (or mere exposure), forms of
Pavlovian conditioning may also modify children’s behavior toward foods (as far as
intake or liking are concerned). Preference for an unknown flavor (the conditioned
stimulus) may be conditioned by a liked flavor (the unconditioned stimulus, e.g., the
sweet taste) in the case of flavor-flavor learning or by the presence of nutrients (the
unconditioned stimulus being calories) in the case of flavor-nutrient learning. This has
been studied in infants, but the actual contributions of these mechanisms are still
controversial (Yeomans 2012). Flavor-flavor learning (with sugar as the uncondi-
tioned stimulus) does not produce significant effect on learning to like a new vegeta-
ble, but the association of the flavor of a food to calories from lipids may in fact be
associated with conditioned satiation (Caton et al. 2014; Remy et al. 2013), revealing
the importance of energy density in conditioning food intake. More studies are needed
to better understand learning mechanisms for a range of foods with a range of flavor
additions, or of energy densities, in order to understand which flavor intensity and
which energy density would be associated with the highest increase in liking an intake,
especially for foods which are not liked right away by children such as vegetables.

<
Y

Fig. 1 (continued) Indonesia (Statistics Indonesia (Badan Pusat Statistik-BPS) et al. 2013), India
(International Institute for Population Sciences (IIPS), Macro International, & 2007 2007), Ethiopia
(Central Statistical Agency [Ethiopia] and ICF International 2012), Egypt (Ministry of Health and
Population [Egypt] et al. 2015), Nigeria (Ogunlesi et al. 2014), Brazil (Oliveira et al. 2014), Mexico
(Gonzalez de Cossio et al. 2013; Pantoja-Mendoza et al. 2014))




398 S. Nicklaus

Attitudes and thinking. Although children are mostly in a preverbal stage during
this early period before the onset of food neophobia, they start developing represen-
tations about foods, either related to whether foods are edible or not (Fallon et al.
1984) or whether foods “smell good or bad” (Wagner et al. 2013). By the beginning
of the second year of life, when infants watch people eating different foods, they
expect agreement in food likes, revealing a social agreement model, in which infants
expect a generalization of food preferences among people eating the same foods,
especially if they share the same language (Liberman et al. 2016).

Role of the environment. The previous observation drives to underline the power
of the social environment in the shaping of children’s eating behavior (Savage et al.
2007). The younger the children, the less autonomous they are in terms of drinking
and eating; meaning, they need to receive social support to drink and eat properly.
This is strongly shaping what and how much children eat (Shutts et al. 2013). For
instance, research has shown that infants aged between 7 and 14 weeks drink more
formula in the presence of social interactions, revealing the power of social rein-
forcement at a very early stage (Lumeng et al. 2007). The mechanisms behind social
eating are multiple: when infants are old enough, eating together enables sharing the
same foods, which provides an opportunity for the repeated exposures learning
mechanism to take place. Moreover, this provides a context for visual imitation.
Eating together is also accompanied by conversations at the meal table, which may
have the power to define likes and dislikes even at a very early stage of food
discoveries (Wiggins 2019). Altogether, social eating in early childhood is a context
for “emotional pervasion”: language may help develop knowledge and social norms
about what is ““good for children” to eat which could sustain the pleasure from eating
specific foods related to their sensory properties (i.e., children’s perceptions of
whether the food is “good to them” to eat). During this very early stage in life (as
also later in life!), pleasure from eating is partly constructed by interactions with
others and socially produced (Marty et al. 2018a).

The Preschool Age: A Neophobic Phase, Source of Family
Tensions

Sensory capacities and cognitive development. At around the end of the second year
of life, children start demonstrating strong neophobic reactions, when presented with
unknown foods (Dovey et al. 2008; Nicklaus and Monnery-Patris 2018; Taylor et al.
2015). They may also demonstrate rejection reactions when offered foods they
previously ate without problem. This type of neophobic behavior is a source of
questioning for parents and researchers alike. Very often, this neophobic tempera-
ment is associated with a low consumption of fruit and vegetables. Some researchers
suggested that this type of eating behavior could be related to a specific sensitivity to
flavors, as measured by a psychometric scale evaluating “sensory sensitivity” through
parental report in children aged 2—5 years old (Coulthard and Blissett 2009). Further
work helped to refine this observation based on children’s behavioral observations
while tasting or smelling actual food tastants or odorants, showing that a higher
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reactivity to food smells but not to food tastes was associated with a higher neophobia
score (Monnery-Patris et al. 2015). Beyond this sensory-based interpretation of the
development of neophobic behavior in children, other aspects of cognitive develop-
ment could account for this evolution. It has been proposed that neophobic behaviors
could be adaptive to prevent the child from ingesting noxious foods once the child
becomes autonomous and mobile enough to reach for foods (or objects) from the
environment, without the supervision of parents or caregivers (Nicklaus and
Monnery-Patris 2018). Cognitively speaking, food neophobia also seems to parallel
the development of categorization abilities in children (Lafraire et al. 2016). The use
of the “no” frequently associated with neophobic reactions (or rejection of some food
items) can also be interpreted in relation to the emerging awareness by children of
their distinction from their parents (especially their mother). They are learning during
this phase to manipulate a new power, which has strong consequences on their social
environment.

Food likes and dislikes. Studies conducted right at the beginning of the neophobic
period show that by 2 or 3 years of age, children have established firms likes and
dislikes (Nicklaus et al. 2005b) and start making less varied food choices despite the
increase in their absolute nutritional needs probably in relation to their likes and
dislikes (Nicklaus et al. 2005c¢), and their patterns of likes/dislikes are quite stable
throughout childhood and adolescence (Nicklaus et al. 2004, 2005a). For instance,
these studies show that the children who chose vegetables most frequently at
2-3 years were also those who consumed a higher variety of vegetables up to the
age of 22 years. Thus, most likes and dislikes could be formed at an early stage
during childhood and could be relatively stable through childhood. This does not
preclude learning at all ages during childhood, as shown in many studies with older
children, or even adults. Given the high plasticity of the affective system controlling
the food system, food preferences may also find their origin in early dietary expo-
sure. For instance, preschool-aged children may prefer more sour beverages if they
had been exposed to a specific formula milk with distinct taste properties, such as
extensively hydrolyzed cow milk protein formula, which may taste bitter or sour
(Mennella and Beauchamp 2002). Thus, variations in flavor preferences during the
preschool period may find their origin in early dietary exposures during the first
years of life.

The immediate consequence of food neophobia is the fact that food or beverage
likes and dislikes during this period are strongly influenced by the degree of
familiarity of the child with the food or beverage. Repeated exposures may help
overcome neophobic reactions, if foods are actually tasted and not only visually
exposed to children (Birch et al. 1987), but the effect of repeated exposures seems to
attenuate as children grow in age (Caton et al. 2014). In this study, repeated
exposures to a new vegetable (artichoke) were associated with a high food con-
sumption and to a high increase in consumption after exposure in children in their
first year, but these effects were attenuated in children in their second or third year.
This suggests a lower flexibility in terms of learning to like a new food as children
grow into preschool age. Because of repeated exposures which still appear as a
robust mechanism for learning, children learn to like the specific features of a food
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they are exposed to. For instance, children who had been exposed to salty or sweet
tofu learn to prefer the version they had been exposed to, but not the other versions
(Sullivan and Birch 1990). Although the repeated exposure mechanism is theoreti-
cally well described, reviews on its effects show small effect sizes when looking at
the evolution of specific food acceptance, such as vegetables (Appleton et al. 2018).
Other strategies to enhance children’s vegetable acceptance, such as parental edu-
cation, are not more successful (Hodder et al. 2018).

Attitudes and thinking. During the preschool stage, children start developing an
abstract reasoning about foods (Michela and Contento 1986; Roedder 1999); exec-
utive functions develop, as well as brand representations (McAlister and Cornwell
2010). The emergence of more developed mental representations about foods may
also be associated with side effects: for instance, children learn to associate “good for
health” with “bad taste,” for instance, when they are asked to eat vegetables, which
taste bad to them, because “they are good for them.” This may create unwanted
expectations in such a way that a given product (a sweet beverage, in this study)
labeled as “good for health” is less liked by children than when it has no label
(Wardle and Huon 2000). Similarly, foods that are said by caregivers to “make you
strong” are less eaten than foods with no label (Maimaran and Fishbach 2014).
Would such unwanted expectations about the relationship between “good for you”
and “bad taste” be observed in non-Western cultures? This is, to the best of our
knowledge, not documented; but it is likely that any type of contradiction between
information provided related to a food and individual preference is likely to produce
a decrease in liking, as shown also in adults. So at this early stage in life, it appears
clearly that health-oriented arguments are not a good strategy to encourage the
consumption of a given food. Indeed in many studies, applying such strategies in
the family context to encourage the consumption of foods is generally associated
with a lower willingness to taste such foods, but in such studies it is difficult to tear
apart cause and consequences. It may very well be that parents use more bribing
strategies to make children taste a food when they know that their child has
previously shown rejection reactions to this food and/or when they consider that
this food has a specific nutritional interest (e.g., vegetable). But if these foods with
specific interest are also foods which generally taste bad to children (e.g., vegetable),
the application to bribing strategies may be critical in generating negative expecta-
tions about the food, resulting in a negative spiral likely to create (unwanted)
educational tensions at the family table.

Role of the environment including parental feeding practices. As suggested
above, another important consequence of the emergence of a peak of neophobic
reactions in children is the feeding strategies adopted by parents to encourage their
children to eat the rejected foods. Because neophobic reactions are often observed in
reaction to the presentation of foods such as vegetables and fruit, and because most
parents are aware of the health values and of the importance of consumption of such
foods to maintain a healthy status, often the strategies employed by parents are
applied to the same types of foods (Savage et al. 2007). (Of note, this observation
cannot be generalized across the full socioeconomic gradient, since some research
studies have clearly shown that in families with a lower socioeconomic status, the
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foods preferentially fed to children are unhealthy, indulgent foods that are perceived
to be the only affordable option by parents (Fielding-Singh and Wang 2017).)
Research has long shown that such strategies, such as coercion, bribing, or forcing,
can have counterproductive effect by generating a negative context around eating,
which acts as an unconditioned stimulus to condition rejection of the food (Savage et
al. 2007). In some circumstances, rewarding the consumption of a target food with a
small, nonfood reward could have a positive effect (Cooke et al. 2011). However, it
is now considered that repeated exposures alone, without reward, should be the best
way to promote the development of liking for a given food, even if its effects are of
small amplitude (Appleton et al. 2018; Hodder et al. 2018). On the contrary, parents
may also wish to restrict access for foods which are either specifically liked by
children or considered “unhealthy.” In this case again, the application of restriction
may increase the desire to eat the “forbidden” food (Fisher and Birch 1999; Jansen
et al. 2008).

During the preschool period, children start attending daycare, or preschool,
depending on each country’s schooling organization. This creates the condition for
socialization effects to take place, and research indeed shows that social modeling
has a strong effect on willingness to taste unknown foods. For instance, children are
more willing to taste unfamiliar foods if adults are also eating the food (Addessi et al.
2005; Harper and Sanders 1975), if peers declare that they like the food (Greenhalgh
et al. 2009; Hendy 2002), and if peers may even be more influential than adults
(Frazier et al. 2012; Hendy and Raudenbush 2000). Research also showed the
influence of the presence of other children on the level of food consumption:
preschool children ate more pizza in groups of nine than in groups of three individ-
uals (Lumeng and Hillman 2007). At this age children become sensitive to portion
size, meaning that they eat more when larger food portions are presented to them
(Reale et al. 2019).

School Age: A Curious, Autonomous Eater Still Framed
by Parental Practices

When approaching school age, reasoning and reading abilities increase which
facilitate the conduct of studies with children; hence many studies have focused on
this age range.

Sensory capacities. While it becomes easier to study sensory perceptions as
children grow older (Nicklaus 2015), the most relevant knowledge related to devel-
opment of sensory aspects of eating relates to sensory preferences in children, not to
perceptions. Studies show that children aged 6—12 years old find sweeter variants of
beverages less sweet than teenagers or adults but prefer them (Zandstra and de Graaf
1998) and that preadolescents have a more marked preference for very sweet
solutions than adults (Desor et al. 1975). When the kids were followed up to early
adulthood, their preferred level of sweet taste was lower than when they were
preteens, revealing a change in affective tone for very sweet products (Desor and
Beauchamp 1987). Rejection of bitterness of common substances (urea, caffeine,
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tetralone) is observed in school-age children and is indeed applied in practice by the
addition of bitter substances (tetralone or Bitrex©) to home care products to deter
their consumption by children (Mennella et al. 2003). The taste of a food may
influence how much children can like it. For instance, children can get to like a
sweet orangeade after eight exposures, but not a sour orangeade (Liem and de Graaf
2004). Sensitivity to bitterness may strongly influence liking for bitter foods:
children who are more sensitive to PROP or 6-n-propylthiouracyl more frequently
refuse vegetables, which may taste bitter, than nonsensitive children. This was
confirmed for spinach (Turnbull and Matisoo-Smith 2002) and broccoli (Keller et
al. 2002), but the association is not systematically observed (Anliker et al. 1991).
Similarly, children who like sourness (boys, in that study) may also like sour fruits
more than children who don’t like sourness (Liem et al. 2006). Saltiness may also
influence how much children like and consume foods but has a minor influence
compared to level of hunger, which is the n°1 factor to explain level of food intake
(Bouhlal et al. 2013).

Likes and dislikes. The influence of hunger on food choices leads to considering
the importance of energy density in driving children food preferences and energy
intake control. It was indeed shown, in sweet-flavored beverages which were caloric
or not (based on use of sucrose or sucralose, a nonnutritive sweetener), that energy
density seems to condition more stable flavor preferences than sweetness alone
(Remy et al. 2014). Furthermore, this study shows that energy density is not detected
on the short term after consumption (i.e., within 1 hour post consumption of a new
beverage) but is learned through repeated exposures. This suggests the importance of
providing foods with a constant flavor-energy density association, in order to
facilitate appropriate food intake control in children and adaptive flavor preference
learning. However, it is very likely that by school age, children have already
developed their main food repertoire and developed marked food likes and dislikes
which may strongly influence their food choices. They have extensive knowledge
about meal structure, type of foods likely to be offered at a given meal (Birch et al.
1984). This implicit knowledge can guide children in making choices to optimize
liking level through a competitive range of foods which may vary in terms of
healthiness (Marty et al. 2018Db).

Attitudes and thinking. As underlined previously, cognitive abilities evolve
strongly with age, and this has been especially studied in the context of understand-
ing the effect of cognitive cues on food decision-making, for instance, in the context
of food advertisement and marketing (Story and French 2004). Credence cues as
those used in (food) advertisement are likely to influence choice behavior. Before the
age of 7/8 years, children tend to view ads as entertaining and informative, which
makes them very vulnerable to ads (McAlister and Cornwell 2010; Michela and
Contento 1986; Roedder 1999). After this age, children begin to understand the
persuasive intent of ads but can still be persuaded by the emotive message of ads.
Credence cues from representations and expectations, which are likely to modulate
experiences pleasure (Fernqvist and Ekelund 2014). In children as in adults, brands
have a positive effect on liking, which may be modulated by socioeconomic status
(Sosa and Hough 2006). Thus, the presence of licensed characters has a positive
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effect on liking, as revealed also in preschool children (Roberto et al. 2010). The use
of such characters may be more influential than the application of cognitive infor-
mation about nutritional content to alter children’s evaluations of foods, which may
be effective in health-concerned children only (Engell et al. 1998).

The emergence of mental representations about foods makes it possible to
consider the manipulation of these representations to modify food choices, if one
admits the connection between intentions and actions. In other words, it may be
possible to orientate children’s food choices by making choice option more or less
salient in children’s mind, by manipulating cues in the environment that are likely to
“prime” mental representation of these foods (Chambaron et al. 2015; Gaillet et al.
2013). Following on this idea, one study attempted to prime mental representations
of healthy versus unhealthy foods in children by using olfactory primes (respec-
tively, a pear odor to prime “healthy foods” and a pound cake odor to prime
“unhealthy foods”) and evaluated whether the presence of these olfactory primes
would be associated with different choices for healthy versus unhealthy foods and
whether the effect of the olfactory primes on food choices would be different in
children with or without overweight (Marty et al. 2017a). In children with obesity,
the fruity odor increased the likelihood of a fruit to be chosen compared to the no-
odor condition, while the fatty-sweet odor had no effect on food choice. In children
without obesity, both the fruity and the fatty-sweet odors decreased the likelihood to
choose a fruit compared to the no-odor condition. The different patterns of results
obtained in both groups of children suggest differences in the mental representations
activated by non-attentively perceived olfactory cues based on weight status. This
suggests important differences in attitudes toward eating associated with weight
status, which were either pre-existing the development of overweight or resulting
from the overweight status. Thus, the development of obesity with age is not only
associated with physiological and psychological adverse effects but also to modifi-
cations of mental representation of foods which are likely to alter food choices in
everyday situation.

Attitudes toward eating can also evolve because of the development of individual
relationships with foods and eating (independently from weight status). Affective
attitudes toward foods develop in parallel to cognitive attitudes and could be
influential in determining food choices. For instance, children’s attitudes were
defined as nutritionally oriented versus hedonically oriented and evaluated with a
direct task or an indirect task (Monnery-Patris et al. 2016). With development, the
direct task (food categorization) showed a significant increase in nutrition-driven
categorizations with school level, but the indirect task showed an increase in
hedonically oriented attitudes, in relation to the children learning culinary scripts
in his/her environment. This reveals that with development, children increase their
nutrition knowledge (and are able to report so accordingly) but when asked less
directly also reveal an increasing dominance of affective-based relationship to food.
To note, a complementary study looking at food choices and their associations with
affective or cognitive attitudes showed that children with high nutritionally oriented
attitudes (whether they were studied directly or indirectly) made a lower number of
healthy food choices when they were offered the possibility to choose among snack
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foods of differing healthiness values (Marty et al. 2017c¢). This observation that
nutritionally oriented attitudes were not associated with a higher choice of healthy
foods may suggest that on the contrary, hedonically orientated attitudes could help
children make healthy food choices when healthy versus unhealthy choices are
equally likely or in other words that pleasure of eating could be favorable to healthier
choices in some circumstances.

This method to study attitudes also revealed differences among children
according to weight status (Marty et al. 2017b). There was no difference in nutri-
tionally oriented attitudes with the indirect task, but with the direct task, children
with overweight or obesity revealed more nutritionally oriented attitudes than
normal-weight children. This could be related to the tentative management of their
overweight by their caregivers, which could drive them to declare more attention
toward the nutritional aspect of eating.

Role of the environment. These few examples illustrate how children’s represen-
tation about foods can be modified with development, in relation to the immersion in
the social milieu in which children live. As noted by P. Fielding-Singh, “whereas
low-SES parents use food to buffer against deprivation, high-SES parents provision
foods to fulfill classed values around health and parenting” (Fielding-Singh 2017).
Children incorporate social norms about which foods are relevant to eat in which
situation, and they can adjust the food choices they make to various social situations
(Marty et al. 2018b). Clearly, even at this early age, food choice decisions increase in
complexity as they can be influenced by pleasure, interactions with parents, sibling,
social norms, marketing messages, etc. (Lapierre et al. 2017). Mapping the role of
the environment in this context becomes more difficult because it becomes almost as
complex as in adults. In children as in adults, the environment in which choices are
made can influence food choice. This aspect of the choice environment was explored
to evaluate the effect of nudging strategies on food choices. Nudges (e.g., “any
aspect of the choice architecture that alters people’s behavior in a predictable way (1)
without forbidding any options or (2) significantly changing their economic incen-
tives” Thaler & Sunstein 2008, in (Cadario and Chandon 2019)) intend to make
foods more or less salient, in order to facilitate or hinder food choice. Nudges applied
to encourage healthy eating have proven as successful to increase healthy food
choices in children as in adults (Cadario and Chandon 2019). However, modification
of the food offer is not always sufficient to promote healthy eating. Providing more
choice between different types of vegetables to children was seen as a means to
increase their consumption and liking, because this could increase self-efficacy and
feelings of autonomy (Zeinstra et al. 2010). However, in this study, the provision of
more choice options was appreciated by children but did not result in an increase in
vegetable liking or consumption.

Other nudging studies prime the social norms around the food consumption in
order to encourage healthy eating. One study, for instance, delivered information to
children suggesting that other children had eaten a large amount of carrots, no
carrots, or control information (Sharps and Robinson 2015). Children ate more
carrots when they believed that other children had eaten a large amount of carrots,
compared to all other conditions. This example shows that perceived social norms
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can influence healthy eating in children. This is not always pushing children toward
healthier food choices. For instance, when children are asked to choose foods for a
birthday party among a selection of healthy versus unhealthy foods, they are much
more likely to choose unhealthy options than when make food choice for a nutrition
class (Marty et al. 2018b)!

During school age, children are given more and more autonomy regarding food
purchasing, and their buying strategy develop (Hartmann et al. 2017). They buy the
brand they like rather than the brands they know, and they become price-sensitive.
This may open ways to encourage healthy eating by applying price increase for
energy-dense, unhealthy foods. However, the long-term consequences of such
strategies on mental representations of healthy versus unhealthy foods are unknown.
Clearly, more research is needed to understand the effect of the environment
(including social media) on twenty-first century’s children’s eating and drinking
behavior and the conditions under which healthy and sustainable food choices are
made.

Conclusions

In conclusion, drinking and eating in childhood bear a special significance consid-
ering that eating behavior is learned and that most of this learning process takes place
during the early years, forming enduring memories, for the best or for the worst.
Thus, early drinking and eating experience may program both food preferences and
the health status of the adult. However, in relation to the importance of sensory
inputs for children, and of pleasure from eating, childhood is also a period when
pleasure plays a prominent role in orienting food choices. When growing into school
age, children’s food choices can be modulated by attitudes and social norms and
start to recompose because of the internalization of social norms related to eating
and drinking.

References

Addessi, E., Galloway, A. T., Visalberghi, E., & Birch, L. L. (2005). Specific social influences on
the acceptance of novel foods in 2—5-year-old children. Appetite, 45(3), 264-271.

Anliker, J. A., Bartoshuk, L., Ferris, A. M., & Hooks, L. D. (1991). Children’s food preferences and
genetic sensitivity to the bitter taste of 6-n-propylthiouracil (PROP). The American Journal of
Clinical Nutrition, 54(2), 316-320.

Appleton, K. M., Hemingway, A., Rajska, J., & Hartwell, H. (2018). Repeated exposure and
conditioning strategies for increasing vegetable liking and intake: Systematic review and
meta-analyses of the published literature. The American Journal of Clinical Nutrition, 108(4),
842-856. https://doi.org/10.1093/ajen/nqy 143.

Beauchamp, G. K., & Mennella, J. A. (2011). Flavor perception in human infants: Development and
functional significance. Digestion, 83, 1-6. https://doi.org/10.1159/000323397.

Birch, L. L., Billman, J., & Richards, S. S. (1984). Time of day influences food acceptability.
Appetite, 5, 109-116.


https://doi.org/10.1093/ajcn/nqy143
https://doi.org/10.1159/000323397

406 S. Nicklaus

Birch, L. L., McPhee, L., Shoba, B. C., Pirok, E., & Steinberg, L. (1987). What kind of exposure
reduces children’s food neophobia? Looking vs. tasting. Appetite, 9(3), 171-178.

Bouhlal, S., Chabanet, C., Issanchou, S., & Nicklaus, S. (2013). Salt content impacts food
preferences and intake among children. PLoS One, 8(1), €53971. https://doi.org/10.1371/jour-
nal.pone.0053971.

Bournez, M., Ksiazek, E., Wagner, S., Kersuzan, C., Tichit, C., Gojard, S., ... Nicklaus, S. (2018).
Factors associated with the introduction of complementary feeding in the French ELFE cohort
study. Maternal and Child Nutrition, 14(2), e12536. https://doi.org/10.1111/men.12536.

Burnier, D., Dubois, L., & Girard, M. (2011). Exclusive breastfeeding duration and later intake of
vegetables in preschool children. European Journal of Clinical Nutrition, 65(2), 196-202.

Cadario, R., & Chandon, P. (2019). Which healthy eating nudges work best? A meta-analysis of
field experiments. Marketing Science. https://doi.org/10.1287/mksc.2018.1128.

Caton, S. J., Blundell, P., Ahern, S. M., Nekitsing, C., Olsen, A., Mgller, P., . .. Hetherington, M. M.
(2014). Learning to eat vegetables in early life: The role of timing, age and individual eating
traits. PLoS One, 9(5), €97609. https://doi.org/10.1371/journal.pone.0097609.

Central Statistical Agency [Ethiopia], & ICF International. (2012). Ethiopia Demographic and
Health Survey 2011. In C. S. A. a. L. International (Ed.), (pp. 450). Addis Ababa, Ethiopia
and Calverton, Maryland.

Chambaron, S., Chisin, Q., Chabanet, C., Issanchou, S., & Brand, G. (2015). Impact of olfactory
and auditory priming on the attraction to foods with high energy density. Appetite, 95, 74-80.
https://doi.org/10.1016/j.appet.2015.06.012.

Cooke, L. J., Chambers, L. C., Afiez, E. V., & Wardle, J. (2011). Facilitating or undermining?
The effect of reward on food acceptance. A narrative review. Appetite, 57(2), 493—497.
https://doi.org/10.1016/j.appet.2011.06.016.

Coulthard, H., & Blissett, J. (2009). Fruit and vegetable consumption in children and their mothers:
moderating effects of child sensory sensitivity. Appetite, 52(2), 410415

Coulthard, H., Harris, G., & Fogel, A. (2014). Exposure to vegetable variety in infants weaned at
different ages. Appetite, 78(0), 89-94. https://doi.org/10.1016/j.appet.2014.03.021.

de Lauzon-Guillain, B., Jones, L., Oliveira, A., Moschonis, G., Betoko, A., Lopes, C., ... Charles
M. A. (2013). The influence of early feeding practices on fruit and vegetable intake among
preschool children in 4 European birth cohorts. The American Journal of Clinical Nutrition, 98
(3), 804—812. https://doi.org/10.3945/ajcn.112.057026.

Demonteil, L., Tournier, C., Marduel, A., Dusoulier, M., Weenen, H., & Nicklaus, S. (2019).
Longitudinal study on acceptance of food textures between 6 and 18 months. Food Quality
and Preference, 71, 54—65. https://doi.org/10.1016/j.foodqual.2018.05.010.

Desor, J. A., & Beauchamp, G. K. (1987). Longitudinal changes in sweet preferences in humans.
Physiology & Behavior, 39, 639—641.

Desor, J. A., Greene, L. S., & Maller, O. (1975). Preference for sweet and salty in 9- to 15-year-old
and adult humans. Science, 190, 636—687.

Dovey, T. M., Staples, P. A., Gibson, E. L., & Halford, J. C. G. (2008). Food neophobia and
‘picky/fussy’ eating in children: A review. Appetite, 50(2-3), 181-193.

Engell, D., Bordi, P., Borja, M., Lambert, C., & Rolls, B. (1998). Effects of information about fat
content on food preferences in pre-adolescent children. Appetite, 30(3), 269-282. https://doi.
org/10.1006/appe.1997.0106.

English, L. K., Obbagy, J. E., Wong, Y. P., Butte, N. F., Dewey, K. G., Fox, M. K., ... Stoody, E. E.
(2019). Timing of introduction of complementary foods and beverages and growth, size, and
body composition: A systematic review. The American Journal of Clinical Nutrition, 109
(Supplement_7), 935S-955S. https://doi.org/10.1093/ajen/nqy267.

Fallon, A. E., Rozin, P., & Pliner, P. (1984). The child’s conception of food: The development of
food rejections with special reference to disgust and contamination sensitivity. Child Develop-
ment, 55(2), 566-575.

Fernqvist, F., & Ekelund, L. (2014). Credence and the effect on consumer liking of food — A review.
Food Quality and Preference, 32, 340-353. https://doi.org/10.1016/j.foodqual.2013.10.005.


https://doi.org/10.1371/journal.pone.0053971
https://doi.org/10.1371/journal.pone.0053971
https://doi.org/10.1111/mcn.12536
https://doi.org/10.1287/mksc.2018.1128
https://doi.org/10.1371/journal.pone.0097609
https://doi.org/10.1016/j.appet.2015.06.012
https://doi.org/10.1016/j.appet.2011.06.016
https://doi.org/10.1016/j.appet.2014.03.021
https://doi.org/10.3945/ajcn.112.057026
https://doi.org/10.1016/j.foodqual.2018.05.010
https://doi.org/10.1006/appe.1997.0106
https://doi.org/10.1006/appe.1997.0106
https://doi.org/10.1093/ajcn/nqy267
https://doi.org/10.1016/j.foodqual.2013.10.005

20 Eating and Drinking in Childhood 407

Fewtrell, M., Bronsky, J., Campoy, C., Domellof, M., Embleton, N., Fidler Mis, N., ...
Molgaard, C. (2017). Complementary feeding: A position paper by the European Society for
Paediatric Gastroenterology, hepatology, and nutrition (ESPGHAN) committee on nutrition.
Journal of Pediatric Gastroenterology and Nutrition, 64(1), 119—-132. https://doi.org/10.1097/
MPG.0000000000001454.

Fielding-Singh, P. (2017). A taste of inequality: Food’s symbolic value across the socioeconomic
Spectrum. Sociological Science, 4, 424—448. https://doi.org/10.15195/v4.al7.

Fielding-Singh, P., & Wang, J. (2017). Table talk: How mothers and adolescents across socioeco-
nomic status discuss food. Social Science & Medicine, 187, 49-57. https://doi.org/10.1016/].
socscimed.2017.06.016.

Fildes, A., Lopes, C., Moreira, P., Moschonis, G., Oliveira, A., Mavrogianni, C., ... Cooke, L.
(2015). An exploratory trial of parental advice for increasing vegetable acceptance in infancy.
British Journal of Nutrition, 114(2), 328-336.

Fisher, J. O., & Birch, L. L. (1999). Restricting access to palatable foods affects children’s
behavioral response, food selection, and intake. American Journal of Clinical Nutrition, 69
(6), 1264-1272.

Frazier, B. N., Gelman, S. A., Kaciroti, N., Russell, J. W., & Lumeng, J. C. (2012). I’ll have what
she’s having: The impact of model characteristics on children’s food choices. [Research
Support, N.ILH., Extramural]. Developmental Science, 15(1), 87-98. https://doi.org/10.1111/
j-1467-7687.2011.01106.x.

Gaillet, M., Sulmont-Rosse, C., Issanchou, S., Chabanet, C., & Chambaron, S. (2013). Priming
effects of an olfactory food cue on subsequent food-related behaviour. Food Quality and
Preference, 30(2), 274-281. https://doi.org/10.1016/j.foodqual.2013.06.008.

Gerrish, C. J., & Mennella, J. A. (2001). Flavor variety enhances food acceptance in formula-fed
infants. American Journal of Clinical Nutrition, 73(6), 1080—1085.

Gonzalez de Cossio, T., Escobar-Zaragoza, L., Gonzalez-Castell, D., Reyes-Vazquez, H., & Rivera-
Dommarco, J. A. (2013). Breastfeeding in Mexico was stable, on average, but deteriorated
among the poor, whereas complementary feeding improved: Results from the 1999 to 2006
National Health and Nutrition Surveys. [Research Support, Non-U.S. Gov’t]. The Journal of
Nutrition, 143(5), 664—671. https://doi.org/10.3945/jn.112.163097.

Greenhalgh, J., Dowey, A. J., Horne, P. J., Fergus Lowe, C., Griffiths, J. H., & Whitaker, C. J.
(2009). Positive- and negative peer modelling effects on young children’s consumption of novel
blue foods. Appetite, 52(3), 646—653.

Grummer-Strawn, L. M., Scanlon, K. S., & Fein, S. B. (2008). Infant feeding and feeding transitions
during the first year of life. Pediatrics, 122(Suppl 2), S36-S42. https://doi.org/10.1542/
peds.2008-1315d.

Haller, R., Rummel, C., Henneberg, S., Pollmer, U., & Koster, E. P. (1999). The influence of
early experience with vanillin on food preference later in life. Chemical Senses, 24(4),
465-467.

Harper, L. V., & Sanders, K. M. (1975). The effect of adults’ eating on young children’s acceptance
of unfamiliar foods. Journal of Experimental Child Psychology, 20(2), 206-214.

Hartmann, M., Cash, S. B., Yeh, C. H., Landwehr, S. C., & McAlister, A. R. (2017). Children’s
purchase behavior in the snack market: Can branding or lower prices motivate healthier choices?
Appetite, 117, 247-254. https://doi.org/10.1016/j.appet.2017.06.014.

Hausner, H., Nicklaus, S., Issanchou, S., Mglgaard, C., & Moller, P. (2010). Breastfeeding
facilitates acceptance of a novel dietary flavour compound. Clinical Nutrition, 29(1), 141-148.

Hendy, H. M. (2002). Effectiveness of trained peer models to encourage food acceptance in
preschool children. Appetite, 39(3), 217-225.

Hendy, H. M., & Raudenbush, B. (2000). Effectiveness of teacher modeling to encourage food
acceptance in preschool children. Appetite, 34(1), 61-76.

Hepper, P. G., Wells, D. L., Dornan, J. C., & Lynch, C. (2013). Long-term flavor recognition
in humans with prenatal garlic experience. Developmental Psychobiology, 55(5), 568-574.
https://doi.org/10.1002/dev.21059.


https://doi.org/10.1097/MPG.0000000000001454
https://doi.org/10.1097/MPG.0000000000001454
https://doi.org/10.15195/v4.a17
https://doi.org/10.1016/j.socscimed.2017.06.016
https://doi.org/10.1016/j.socscimed.2017.06.016
https://doi.org/10.1111/j.1467-7687.2011.01106.x
https://doi.org/10.1111/j.1467-7687.2011.01106.x
https://doi.org/10.1016/j.foodqual.2013.06.008
https://doi.org/10.3945/jn.112.163097
https://doi.org/10.1542/peds.2008-1315d
https://doi.org/10.1542/peds.2008-1315d
https://doi.org/10.1016/j.appet.2017.06.014
https://doi.org/10.1002/dev.21059

408 S. Nicklaus

Hodder, R. K., Stacey, F. G., O’Brien, K. M., Wyse, R. J., Clinton-McHarg, T., Tzelepis, F., ...
Wolfenden, L. (2018). Interventions for increasing fruit and vegetable consumption in children
aged five years and under. Cochrane Database of Syst