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ABSTRACT

Sensory responses to the taste, smell, and texture of foods help determine food
preferences and eating habits. However, sensory responses alone do not pre-
dict food consumption. The view that a “sweet tooth” leads to obesity through
excess sugar consumption is overly narrow. In reality, there are multiple links
between taste perceptions, taste preferences, food preferences, and food choices
and the amount of food consumed. Taste responses are influenced by a range of
genetic, physiological, and metabolic variables. The impact of taste factors on
food intake further depends on sex and age and is modulated by obesity, eating
disorders, and other pathologies of eating behavior. Food preferences and food
choices of populations are further linked to attitudinal, social, and—probably
most important—economic variables such as income. Nutrition education and
intervention strategies aimed at improving population diets ought to consider sen-
sory pleasure response to foods, in addition to a wide range of demographic and
sociocultural variables.
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INTRODUCTION

Is taste the main influence on food selection? According to consumer survey
reports (44), yes. Although dietary trends are affected by behavioral, sociocul-
tural, and economic variables (58, 94), consumers report that their diet choices
are most often guided by how foods taste (44). The popular concept of a food’s
“taste” includes the chemical senses of taste and olfaction, as well as the oral
perception of texture (69; see also 16, 24). A pleasure or hedonic component is
included as well (23). Sensory perceptions and preferences for the taste, aroma,
and texture of foods affect not only food preferences but also eating habits
(24, 69). Foods that are combinations of sugar and fat are universally preferred
(24, 30), whereas there is widespread dislike of tastes that are bitter (93).

Children especially love sweet and dislike bitter tastes (2, 98). Children also
eat more of the foods they like best (2, 5). In contrast, the impact taste factors
have on the food intakes of adults is much less apparent. Adults do not equate
good taste with sweetness, and their taste preferences and aversions are not al-
ways direct predictors of food consumption. As a result, it has proved difficult
to link adult taste preferences with intake measures, whether in a laboratory
setting or in real life. Experimental evidence linking taste and food consump-
tion is often indirect, since few studies have examined taste responses, food
preferences, and intake patterns in the same subject population (32).

Some theories on the impact of taste function on chronic disease risk have
not been supported by food intake data. For example, the notion that a sensory
“sweet tooth,” i.e. a heightened preference for sweet taste, was the direct cause
of human obesity (86, 87) is not supported by data on sugar consumption (1, 47).
Similarly, no intake data support the claim that enhanced preferences for salty
tastes in old age is the main reason for increased salt consumption, with the
attendant risk of hypertension (72). In both cases, taste preferences alone were
taken as presumptive evidence for increased intakes of sugar or salt.

In reality, many variables intervene between taste responses and food intake
(23, 66). Both can be influenced by factors ranging from molecular biology
to economics. For example, while individual taste preferences for fat in foods
may be influenced by metabolic or physiological variables (42, 52, 63, 89), the
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Figure 1 Variables intervening between taste function and food intake.

proportion of fat in the diet of populations is driven by economic factors and
income (12, 26, 81, 83). Diverse scientific explanations for fat appetites among
individuals or groups have variously invoked brain mechanisms, including en-
dogenous opiate peptides (35) and galanin (57), the subjects’ body mass (23, 29)
and body fat (67), body mass of the parents (42), associative learning (52), pas-
sive overconsumption (7, 8), weight cycling (34), and binge eating (27), not
to mention urbanization (83, 84), disposable income, and the gross national
product (12, 81). This review examines, in turn, the diverse genetic, metabolic,
physiological, and socioeconomic factors that mediate the postulated causal
links between taste preferences and food consumption. A listing of the relevant
concepts is presented in Figure 1.

MEASURING TASTE AND FOOD PREFERENCES

The term taste responsiveness has been used to denote taste perception as well
as taste preference. As summarized in Table 1, studies of taste function have
distinguished between taste acuity, determined using detection and recognition
thresholds, and taste sensitivity, as based on intensity scaling of more concen-
trated taste stimuli (4, 23). The typical stimuli were aqueous solutions of sugars
(sweet), sodium chloride (salty), hydrochloric acid (sour), and either caffeine
or quinine (bitter) (3, 4, 17, 73). Comparable methods using standard odorants
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Table 1 Measuring taste factors and food intakes

Determinant Principal measurements Stimuli

Taste perception
Acuity Detection and recognition thresholds Aqueous solutions
Sensitivity Intensity scaling Aqueous solutions

Olfaction perception
Acuity Detection thresholds Odorants
Sensitivity Intensity scaling
Recognition Odor recognition Odorants or foods

Texture profile GF texture profilea Foods

Hedonic preference Hedonic preference scale Solutions, odorants,
foods, or model foods

Food preference
Sensory evaluation Acceptability ratings Foods
Checklist Preference ratings Food names

Food intakes
Selection Variety and diversity scores Foods and food groups
Consumption Dietary intake measures Foods and food groups

aGF, General Foods.

have been used for the determination of thresholds and for intensity scaling of
odors (11).

These measures of sensory functioning are distinct from the hedonic prefer-
ence response, a measure of the acceptability or pleasantness of a given stimulus
(70, 82). Whereas intensity ratings are a logarithmic function of stimulus con-
centration, hedonic preferences are a measure of the affective component of
attitude (23, 106). Hedonic preference ratings for sugar solutions, sweetened
lemonade, salted soups or tomato juice, or food-like mixtures of sugar and
fat have been based on taste tests conducted under laboratory conditions and
using the standard sip-and-spit technique (23, 65, 70, 75–78). Studies on the
acceptability of real foods, conducted in sensory evaluation labs, generally ask
respondents to taste and rate flavor, color, texture, and overall acceptability of
the food product (13, 16, 69).

Intensity and pleasantness ratings for taste stimuli are sometimes linked and
sometimes not. For example, stimuli perceived as more bitter are more strongly
disliked (33). However, acceptance or rejection need not always follow intensity
ratings. Hedonic response profiles for sweet taste are highly diverse, ranging
from a monotonic rise, to an inverse U shape, to a sharp decline with increasing
sweetness (23, 100, 106). Other than with small children (50), sweeter stimuli
are not always preferred. Similarly, salty or bitter stimuli are not invariably
disliked, and preferences for caviar or coffee, unusual among children, can
develop in time.
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It is generally assumed that taste preferences predict food preferences. This
is not necessarily true (45). Some food preference data are based on checklists
of food names and so reflect attitudes toward the verbal concept of food, since
the food itself is never presented to the subject (45, 64). As a result, preferences
for sweet and salty solutions need not predict self-reported liking for, or the
likely consumption of, sweet or salty foods (59, 60, 79). Contrary to some
assumptions (10), preferences for sweet need not be a proxy measure for hunger,
satiety, or the likelihood of food consumption.

Food preferences, measured using preference checklists or actual taste tests,
are often thought to predict food consumption in real life (14, 64). Their use
allows investigators to dispense with the unreliable food diaries. Again, attitu-
dinal responses collected in the laboratory often fail to predict real-life behavior
(63), because many people do not overeat the foods they like. Potential reasons
for a dissociation between taste preferences and actual intakes may include
weight-related attitudes and behaviors and general concern with nutrition and
health (55, 101).

Broader societal variables also play a role. As food companies have learned,
market research studies based on blinded taste tests do not always predict pur-
chase intent or actual consumer behavior. Although taste is regarded as the de-
ciding factor, consumption patterns are also influenced by perceived nutrition,
product safety, price, convenience, and prestige (56, 94). Other demographic,
sociocultural, and economic factors also modulate the connection between taste
responsiveness and food choice (66).

SENSORY RESPONSE

Most research in nutrition and taste psychophysics has focused on the four
basic tastes: sweet, sour, salty, and bitter (17). Among sensory responses
studied were taste detection and recognition thresholds, intensity scaling of
suprathreshold solutions, and hedonic preference profiles (3). Some studies in
taste and food preferences have replaced aqueous solutions of pure tastants with
more complex stimuli that engaged taste, texture, and olfaction (24, 30, 65, 76–
78, 104). In the existing literature, most available data are on the perceptions
and preferences for food stimuli that are sweet, salty, bitter, or rich in fat.

Sweet Taste Preferences
The sensory appeal of sweetness is both innate and universal. Human neonates
show a positive hedonic response to sweet solutions (98). Young children, ages
3–5 years, categorize foods according to whether they are familiar and/or sweet
(5). In taste studies, children did not show the characteristic hedonic optimum
or breakpoint for sucrose solutions, around 8–10% wt/vol, and selected the
most intensely sweet solutions (50).
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Much attention has been devoted to the question of whether sweet taste
responsiveness leads to obesity in children, adolescents, or adults (86, 87).
Studies showing that obese persons did not reduce their preferences for sweet
taste even after drinking 200 ml of sweet glucose solution (10) were used to
support the argument that obese persons were “external” (86), hyperresponsive
to sweet taste, and incapable of telling whether they were hungry or not. Again,
taste preference profiles were taken as evidence of an intent to consume more
sweets (10, 86). However, the externality hypothesis was soon abandoned, as
sensory studies demonstrated a wide variety of sensory responses to sweetness
among the obese. Studies using sucrose solutions, sweetened soft drinks, or
chocolate milkshakes found no connection between sweetness preferences and
body weight (23). Whereas some obese subjects liked intensely sweet solutions,
others did not (106). Large-scale consumer studies found no link between
preferences for increasing concentration of sugar in canned peaches, lemonade,
or vanilla ice cream and various indices of overweight. Studies on obesity and
sweet taste failed to make the case that the sugar intake of a person with a sweet
tooth was the principal cause of human obesity.

Sensory Response to Fats
Fats endow foods with their characteristic taste and texture and contribute to
the overall palatability of the diet. The first sensory response to fat involves
perception through the nose or mouth of fat-soluble volatile flavor molecules
(16, 24). Oral perception of fat content is then determined by food texture as
sensed by the oral cavity during chewing or swallowing (9). The precise type
of sensation depends on the food product. In dairy products, fat takes the form
of emulsified globules that are perceived as smooth and creamy (65). Water-
binding qualities of fat account for the tenderness and juiciness of steaks and
the moistness of cakes and other baked goods. Heat transfer at high temperature
gives rise to food textures that are crispy, crunchy, and brittle. Among textural
qualities that depend on the fat content of foods are hard, soft, juicy, chewy,
greasy, viscous, smooth, creamy, crunchy, crisp, and brittle (9, 24). Generally,
the high-fat content of foods has been a desirable sensory feature, and one that
is often linked with higher product quality (16). Preferences for fat in foods
may be influenced to some extent by the amount of fat in the habitual diet (61).

Sensory studies on sweetened dairy products showed that the hedonic re-
sponse to sweetness is potentiated by fat (29, 30). Peak hedonic ratings were
obtained of mixtures containing 20% fat wt/wt and 8% sucrose wt/wt, corre-
sponding to whipping cream with sugar (30). Results initially obtained with
mixtures of milk, cream, and sugar (29, 30) were later extended to such stimuli as
sweetened cream cheese, fromage blanc, cake frostings, and ice cream (28, 34).
Other studies systematically varied fat content in such foods as mashed potatoes
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or scrambled eggs (67), or provided children with foods of varying fat content
(42).

Hedonic response profiles for mixtures of milk, cream, and sugar showed
that the composition of the best-tasting mixture depended, to some extent, on
the subjects’ body weight. Compared with normal-weight women, massively
obese women selected stimuli that were less sweet but had a much higher fat
content (29). Data from another laboratory later confirmed that preferences
for higher-fat foods were directly linked to the subjects’ own percentage of
body fat (67). Most recently, a study of children, ages 3–5 years, showed that
both preferences and consumption of fats were linked to body mass indices of
parents (42), suggesting that preferences for fat in foods may carry a familial,
and possibly genetic, component.

The Mechanisms of Pleasure
Eating is one of life’s greatest pleasures (102). The sensory pleasure response
to foods may be mediated by brain neurotransmitters or brain peptides (27, 74).
While many studies on food “cravings” have focused on the serotonergic system
(107), others explored the role of endogenous opiate peptides in mediating the
pleasure response to sweetness and fat (27, 35).

Endogenous opiates, or endorphins, are implicated in food cravings and in
drug reward (35). In particular, preferences for sweet taste have long been
known to be under opiate control. Opiate agonists increase, while antagonists
decrease, preferences for sweet taste in humans (40) and the intake of sweet
solutions by rats (6, 74). Fat consumption in rats was likewise increased by the
opiate agonists morphine and butorphanol (74). Opiate effects were distinct
from those of hunger and satiety and may act by altering the pleasure response
to foods.

Opiate antagonists such as naloxone or naltrexone appear to reduce food in-
take by lowering preferences for selected foods. Although the consumption of
sandwiches or salted soups remained stable after naltrexone (51), rated pleas-
antness of sweet glucose solutions declined (40), as did the consumption of
the most preferred lunch foods following administration of another antagonist,
nalmefene (108).

Endogenous opiate peptides have also been implicated in the binge-eating
syndrome in obesity and bulimia nervosa. Significantly, many binge-eating
episodes involve palatable sweet and high-fat foods. A recent clinical study
(35) of 41 women, including 20 binge eaters, showed that naloxone infusions
resulted in reduced hedonic preference response for mixtures of milk, cream,
and sugar. Decline in taste preferences following naloxone was most marked
for binge eaters and was paralleled by a selective drop in consumption of sweet,
fat-rich snacks, including chocolate candy and chocolate chip cookies (35).
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Obvious parallels have been drawn between binge eating and drug addiction,
since both behavioral syndromes involve cravings and loss of control. Alcohol
cravings are thought to be mediated through endogenous opiate peptides, and
naltrexone, a long-lasting opiate antagonist, has been used to treat alcohol
cravings in alcoholics (103). If similar mechanisms mediate food cravings and
drug reward, then taste preferences may play a central role. Opiate addictions
have been associated with an appetite for sweets, and opiate withdrawal is eased
by ice cream and chocolate (35). Consequently, opiate blockade might be the
therapy of choice for the treatment of binge eating in bulimia and binge-eating
disorder (BED).

THE REJECTION OF BITTER TASTE

Genetic Taste Markers
Whereas many factors contribute to food preference, bitterness often predicts
toxicity and can be the principal cause of food rejection (93). Plant-derived
alkaloids and glycosides and other environmental toxins tend to have a bitter
taste. Being able to identify and reject bitter compounds might, therefore, have
a certain evolutionary advantage (38).

Sensitivity to bitter taste is a heritable trait (53). Crystals and solutions of
phenylthiocarbamide (PTC) and 6-n-propylthiouracil (PROP) that taste bitter
to some people are tasteless to others. In earlier studies, bimodal distribution
of taste thresholds was used to separate subjects into groups of tasters and
nontasters (53). More recent studies distinguished between nontasters, regular
tasters, and supertasters of PROP on the basis of thresholds and intensity ratings
of PROP solutions relative to NaCl solutions (4, 33). Supertasters, most of
whom were women, had the most fungiform taste buds and the highest density
of fungiform papillae (85).

Sensitivity to PROP solutions has been associated with enhanced perception
of other bitter compounds, notably saccharin and caffeine, that are found in
ordinary foods (3, 4, 46). Past studies have also explored the potential connec-
tion between PROP sensitivity and the consumption of bitter- and sharp-tasting
foods, though often with inconsistent results (see 38 for review). The most
frequently cited example of taste rejection was the reported avoidance by PTC
tasters of bitter compounds found in raw cruciferous vegetables: broccoli, cab-
bage, and Brussels sprouts (43, 53). Early studies also found that PROP tasters
tended to report more dislikes for common foods than did nontasters (43).
Disliked foods included cabbage, Brussels sprouts, spinach, and kale, as well
as rhubarb, sauerkraut, beer, coffee, and various sharp cheeses. Glanville &
Kaplan (48) confirmed that PROP tasters disliked black coffee, grapefruit juice,
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lemon juice, and horseradish and tended to prefer mild- over sharp-tasting foods.
Another connection was drawn between taster status and predisposition to al-
coholism: Most female alcoholics studied were reported to be PROP nontasters
(80).

Functional Foods
Plant-derived phytochemicals play a major role in cancer prevention (38).
Many of these dietary constituents of vegetables and fruit have a bitter taste.
These may include phytoestrogen lignans in bitter-tasting berries, indoles and
isothiocyanates in cruciferous vegetables and horseradish, as well as bioactive
flavonoids in citrus fruit, onions, and kale. Naringin, a bioflavonoid, is the
bitter ingredient of grapefruit juice and a major inhibitor of cytochrome P-450
isozymes (38). If genetic taste markers alter preferences for bitter vegetables
and fruit and, thus, affect food consumption patterns, they may turn out to be
early indicators of increased risk for some of the diet-related chronic diseases
(29).

TASTE PREFERENCES AND FOOD CHOICES

Children’s food preferences are often guided by taste alone (2, 5). In contrast,
food choices of adults also tend to be influenced by nutritional beliefs and
attitudes toward weight and dieting (58). The opposing influences of taste
preferences and dietary restraint on food selection are frequently observed in
clinical studies of obesity and eating disorders, such as anorexia and bulimia
nervosa (31). Here, avoidance of the most preferred foods is often the norm.

Food Choices in Childhood
Studies of preschool children have shown that food preferences in early life
are determined by two factors: familiarity and sweetness (5). Preferences for
fat may be acquired early in life, as children learn to prefer those flavors that
are associated with high energy density and fat content (54). Fat and sugar are
the chief components of peanut butter and jelly sandwiches, chocolate candy,
cookies, and ice cream.

Both sweet-taste preferences (21, 68) and sugar consumption decline between
adolescence and adult life (49). However, all evidence is indirect, since no study
examined taste preferences and food intakes in the same subject group. Surveys
of adolescent food habits are typically based on food preference checklists and,
thus, reflect food-related attitudes rather than taste preferences or actual intakes.
In general, adolescents reported liking foods rich in fat, sugar, and salt. One
observational study confirmed that the most frequently consumed foods were
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candy, potato chips, sweetened beverages, dry presweetened cereal, cupcakes,
doughnuts, and pies (18).

Children also show an aversion to bitter foods (93). Typical food dislikes are
based on taste (bitter), aversive trigeminal stimulation (sharp), and a variety of
unpleasant food textures. Acquired preferences for coffee, beer, alcohol, and
hot peppers are commonly cited as evidence that food preferences can be learned
and modified with age. Indeed, food preferences and aversions are modifiable
by growth, maturation, and hormonal status. Both taste preferences and food
choices are further shaped by prior experience and associative learning. Pref-
erences for bitter foods (caffeine), alcohol, and hot spices are all said to be the
result of associating the often unpleasant taste with the desirable postingestive
consequences (93). A previously neutral or even unpleasant taste can become
preferred, provided it is linked with a suitable mechanism of reward.

Taste and Food Choices in Obesity
Human obesity is thought to result from an interaction between genetic predis-
position and exposure to environmental variables such as diet. Although the
precise contribution of diet is still unclear, both energy intake and the composi-
tion of the diet are likely to play a major role. In particular, a selective appetite
for high-fat foods appears to be a characteristic feature of many human obesity
syndromes (36).

Studies on sugar and fat preferences among obese women showed that prefer-
ences for fat increased with body weight (29). Massively obese women selected
fat-rich taste stimuli in sensory studies and listed high-fat foods as their favorites
on food preference checklists (36). These findings were consistent with intake
data from studies showing that obese people tend to overconsume fat, not sugar
(47). However, only one study came close to showing that obese individuals
with elevated sensory responses to fats were the ones who consumed the most
high-fat foods (67).

Obese men and women may overconsume different sources of fat. Obese
women asked to list top 10 favorite foods listed bread, doughnuts, cake, cook-
ies, ice cream, chocolate, pies, and other desserts (36). In contrast, obese men
listed steaks, roasts, hamburgers, french-fried potatoes, pizza, and ice cream.
Whereas women selected foods that were mixtures of sugar and fat, food prefer-
ences of men included fat, protein, and salt (36). Obese weight cyclers showed
higher preferences for ice cream and a sugar/fat mixture than did obese persons
of more stable body weight (36). Selective appetite for fat in foods may be a
potential behavioral mechanism for failure of weight loss and for a tendency
to weight regain (37). Among potential mechanisms are increased levels of
adipose tissue lipoprotein lipase and a variety of central peptides and neuro-
transmitters.
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Taste and Eating Disorders
The eating disorder anorexia nervosa is characterized by extreme caloric re-
striction, avoidance of energy-dense foods, and metabolic and endocrine dys-
function associated with severe loss of body weight. Bulimia nervosa is char-
acterized by recurrent eating binges followed by purging and vomiting. An
additional diagnostic category has been proposed for a BED: binge eating dis-
order that is not accompanied by purging. Most women with BED are reported
to be obese, and many have a past history of weight cycling.

Studies of women with eating disorders point to a dissociation between taste
responsiveness and eating patterns. Anorectic and bulimic women liked the
taste of sweet solutions, as long as the possibility of ingestion was excluded
(31). Bulimic patients and women with binge-eating disorder liked sweet and
high-fat taste stimuli (28, 35), though such foods are generally avoided by
dieters and are consumed only in the course of a binge.

Pathological attitudes regarding body weight and dieting in eating disorders
often outweigh taste responses and physiological regulation of food intake (25).
Anorectic women reported liking only those foods that they also viewed as
nutritious. Whereas protein-rich foods as well as grains, vegetables, and fruit
were viewed as nutritious and therefore acceptable, calorie-dense sweet and
high-fat foods were avoided. Clinical observations have shown that anorectic
women consumed vegetables, lettuce, fresh fruit, cheese, and sometimes eggs
but were disgusted by milk and meat. Among top food choices were salads,
vegetables, and fresh fruit, foods devoid of both sugar and fat.

Binge-type foods were generally sweet and rich in fat. These foods included
ice cream, bread, candy, doughnuts, salads, sandwiches, cookies, popcorn,
milk, cereal, and large amounts of sweet but noncaloric soft drinks. Bulimic
patients studied in hospital settings consumed doughnuts, pies, chocolate candy,
and carbonated beverages (25). Though taste preferences for sweet and high-fat
foods were high, eating patterns were influenced by a host of other variables
related to pathological dieting.

Taste and Aging
Age-related deficits in taste and smell are reputed to decrease the enjoyment
of food, reduce food consumption, and lead eventually to malnutrition and ill
health (71). However, there is little evidence to support this view. Elderly people
often suffer from olfactory (22) and/or taste deficits (105), but how these deficits
impact food choices, nutrition, and health is not clear. No study has demon-
strated a causal relationship between sensory impairment, diminished hedonic
response, and altered food patterns in the same group of elderly persons (91).

Most studies on taste and aging have focused on taste acuity and sensitivity
rather than on hedonic preference (4). Aqueous solutions of sugar and salt
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were the stimuli of choice because of the presumed impact that sugar and salt
intake has on diabetes and hypertension. The frequent assumption was that
elderly subjects suffering from taste losses would prefer sweeter and saltier
stimuli and, thus, consume more sugar and salt. Though some studies (73)
reported that hedonic ratings for solutions of sucrose, sodium chloride, and
citric acid increased with age, other studies failed to confirm a broad age-
related shift in hedonic response (109). Taste function is relatively robust and
acuity and sensitivity of response measured by whole-mouth tasting are normal
even into advanced old age. In at least one study, older adults showed no
impairments in taste sensitivity, and their hedonic response profiles for sucrose
solutions, sodium chloride solutions, or salted chicken broth were no different
from those of young adults (32). Furthermore, individual preference profiles
for the taste of salt had no impact on sodium consumption (32).

Some investigators have suggested that olfactory rather than taste losses
are responsible for the reduced enjoyment of foods. Some studies examined
flavor perception in relation to the pleasure response in the elderly (20). Clas-
sic studies by Schiffman (95) showed that impaired identification of blended
foods by the elderly was most likely due to the loss of smell function. How-
ever, food consumption was not measured. In a recent study of older women,
widespread smell deficits had a minimal impact on nutrition and health (39).
In another study, clinical patients with taste and smell defects reported frequent
taste and food aversions and sometimes lost, but other times gained, weight (62).
Taste and smell deficits do not always have a consistent effect on nutrition and
health.

It has also been argued that sensory losses are responsible for reduced dietary
variety in old age. Flavor amplification has been suggested as one mechanism
to increase food intake (96, 97). However, although diets of some older persons
are indeed monotonous, it is difficult to separate the effects of taste function
from those of illness, education, and income (90, 91). Changed social and
economic circumstances as well as a host of psychological variables, including
depression, loneliness, bereavement, and social support, all have a major impact
on diet habits (19). Social nutrition as well as taste factors have a major impact
on food intakes in old age.

LINKING TASTE PREFERENCES
AND FOOD CONSUMPTION

Demographic, economic, and sociocultural variables also play a major role in
determining food choices at any age. Whereas taste preferences for sugar and
fat may well be innate, group consumption of sugars and fats is determined by
economic factors, including income (12).
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Fat and Sugar in Nutrition Transition
Economic growth has been associated with an improvement in and a progres-
sive globalization of the human diet. As incomes grow, grain-based diets rich
in complex carbohydrates and fiber are abandoned in favor of more diverse
diets that contain more meat, milk, and sugars (83, 84). This is not a new
phenomenon. Throughout history, economic development has been associated
with elimination of systematic famine and replacement of coarse grains (corn,
millet, and sorghum) and starchy roots with staple crops rice and wheat, and
with selective breeding of domesticated animals for maximum fat content. The
nutrition gap between rich and poor countries has grown narrower, as most
converge on a diet that derives 30–40% of energy from fat (12, 26, 83).

This nutrition transition toward palatable sweet and high-fat foods appears to
be both taste and income driven. Multiple between-country studies have shown
a direct relationship between diet composition and the gross national product
in American dollars (41, 81). Arguably, the trend is not simply toward greater
consumption of fat and sugar. As incomes rise, more people consume a greater
variety of foods and incorporate more different foods into their diets. As long
as the new foods include milk, meat, vegetables, and fresh fruit, the overall
diet will be higher in fats, saturated fats, and sugars and lower in complex
carbohydrates and fiber.

IMPLICATIONS FOR PUBLIC HEALTH

Nutrition education and intervention strategies aimed at improving diet quality
have focused almost exclusively on the nutritional quality of foods and not on
taste or the pleasure response. Much effort has been spent to persuade con-
sumers to replace palatable energy-dense foods with less palatable, but arguably
healthier, starches and grains (102). Social marketing and other strategies for
behavioral change (15) are used in an effort to reduce fat and sugar consumption
by children, adolescents, and adults. Yet studies point to innate preferences for
sugar and fat and to the fact that the consumption of sugars and fats increases
with income, socioeconomic status, and the availability of sugars and fats in
the food supply. Studies in social nutrition further show complex sociocultural
reasons behind the development of food preferences among individuals, fami-
lies, and ethnic groups. Dietary intervention strategies aimed at improving diet
quality should consider the sensory pleasure response to foods, as well as a
wide range of demographic, economic, and sociocultural variables.

Visit the Annual Reviews home pageat
http://www.annurev.org.

A
nn

u.
 R

ev
. N

ut
r.

 1
99

7.
17

:2
37

-2
53

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 M
or

eh
ea

d 
St

at
e 

U
ni

ve
rs

ity
 o

n 
01

/0
4/

12
. F

or
 p

er
so

na
l u

se
 o

nl
y.



    

P1: ARK/MBL/mkv P2: MBL/vks QC: MBL/bs T1: MBL

May 3, 1997 10:13 Annual Reviews AR033-12

250 DREWNOWSKI

Literature Cited

1. Anderson CH. 1995. Sugars, sweetness,
and food intake.Am. J. Clin. Nutr.
62(1S):195–201S

2. Anliker JA, Bartoshuk L, Ferris AM,
Hooks LD. 1991. Children’s food prefer-
ences and genetic sensitivity to the bitter
taste of 6-n-propylthiouracil (Prop).Am.
J. Clin. Nutr.54:316–20

3. Bartoshuk LM. 1993. The biological basis
of food perception and acceptance.Food
Qual. Prefer.4:21–32

4. Bartoshuk LM, Rifkin B, Marks LE, Bars
P. 1986. Taste and aging.J. Gerontol.
41:51–57

5. Birch LL. 1992. Children’s preference
for high-fat foods.Nutr. Rev. 50:249–
55

6. Blass EM. 1986. Opioids, sugar and the
inherent taste of sweet: broad motiva-
tional implications. InSweetness. ILSI-
Nutr. Found. Symp.,ed. J Dobbing. Berlin:
Springer

7. Blundell JE. 1993. Use of artificial sweet-
eners and fat substitutes and their effects
on food consumption. InFood and Nu-
trition in Europe, ed. DG van der Heij,
MRH Lowik, T Ockhuisen, pp. 129–34.
Wageningen: Pudoc Sci.

8. Blundell J, Burley V, Cotton J, Lawton
C. 1992. Dietary fat and appetite control:
weak effects on satiation (within-meals)
and satiety (following meals). InDetermi-
nants of Preference, Selection and Con-
sumption of Dietary Fats,ed. D Mela.
London: Elsevier

9. Brandt MS, Skinner EZ, Coleman JA.
1963. Texture profile method.J. Food Sci.
28:404–9

10. Cabanac M, Duclaux R. 1970. Obesity:
absence of satiety aversion to sucrose.Sci-
ence168:496–97

11. Cain WS. 1982. Odor identification by
males and females: prediction vs. perfor-
mance.Chem. Senses7:129–42

12. Chevassus-Agnes S. 1994. Disponibilites
des lipides alimentaires dans le monde.
Food Nutr. Agric.11:15–22

13. Clydesdale FM. 1993. Color as a factor in
food choice.C. R. Food Sci. Nutr.33:83–
101

14. Conner MT, Haddon AV, Pickering ES,
Booth DA. 1988. Sweet tooth demon-
strated: individual differences in pref-
erence for both sweet foods and foods
highly sweetened.J. Appl. Psychol.
73:275–80

15. Contento I, Balch GI, Bronner YL, Ly-
tle LA, Maloney SK, et al. 1995. The

effectiveness of nutrition education and
implications for nutrition education pol-
icy, programs, and research: a re-
view of research.J. Nutr. Educ.27:278–
418

16. Cooper HR. 1987. Texture in dairy prod-
ucts and its sensory evaluation. InFood
Texture, ed. HR Moskowitz, 1:251–72.
New York: Marcel Dekker

17. Cowart BJ. 1981. Development of taste
perceptions in humans: sensitivity and
preference throughout the life span.Psy-
chol. Bull.90:43–73

18. Davidson FR, Hayek LA, Altschul AM.
1986. Toward accurate assessment of
children’s food consumption.Ecol. Food
Nutr. 18:309–17

19. Davis MA, Randall E. 1983. Social
change and food habits of the elderly. In
Aging in Society: Selected Reviews of Re-
cent Research,ed. MW Riley, BB Hess, K
Boud, 1:199–217. New Jersey: Erlbaum

20. de Graaf C, Polet P, van Staveren WA.
1994. Sensory perception and pleasant-
ness of food flavors in elderly subjects.J.
Gerontol. Psychol. Sci.49:93–99

21. Desor JA, Green LS, Maller O. 1975.
Preferences for sweet and salty in 9–
15 year old and adult humans.Science
190:686–87

22. Doty RL. 1989. Influence of age and age-
related disease on olfactory function.Ann.
NY Acad. Sci.561:76–86

23. Drewnowski A. 1986. Sweetness and
obesity. InSweetness. ILSI Nutr. Found.
Symp.,ed. J Dobbing. Berlin: Springer

24. Drewnowski A. 1987. Fats and food tex-
ture: sensory and hedonic evaluations. In
Food Texture,ed. HR Moskowitz, 1:217–
50. New York: Marcel Dekker

25. Drewnowski A. 1989. Taste responsive-
ness in eating disorders.Ann. NY Acad.
Sci.575:399–409

26. Drewnowski A. 1995. Energy intake and
sensory properties of food.Am. J. Clin.
Nutr. 62(Suppl.):1081–85S

27. Drewnowski A. 1995. Metabolic deter-
minants of binge eating.Addict. Behav.
20:733–45

28. Drewnowski A, Bellisle F, Aimez P, Remy
B. 1987. Taste and bulimia.Physiol. Be-
hav.41:621–26

29. Drewnowski A, Brunzell JD, Sande K,
Iverius PH, Greenwood MRC 1985.
Sweet tooth reconsidered: taste respon-
siveness in human obesity.Physiol. Be-
hav.35:617–22

30. Drewnowski A, Greenwood MRC. 1983.

A
nn

u.
 R

ev
. N

ut
r.

 1
99

7.
17

:2
37

-2
53

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 M
or

eh
ea

d 
St

at
e 

U
ni

ve
rs

ity
 o

n 
01

/0
4/

12
. F

or
 p

er
so

na
l u

se
 o

nl
y.



    

P1: ARK/MBL/mkv P2: MBL/vks QC: MBL/bs T1: MBL

May 3, 1997 10:13 Annual Reviews AR033-12

TASTE PREFERENCES AND FOOD INTAKE 251

Cream and sugar: human preferences for
high-fat foods.Physiol. Behav.30:629–33

31. Drewnowski A, Halmi KA, Pierce B,
Gibbs J, Smith GP. 1987. Taste and eating
disorders.Am. J. Clin. Nutr.46:442–50

32. Drewnowski A, Henderson SA, Driscoll
A, Rolls BA. 1996. Salt taste perceptions
and preferences are unrelated to sodium
consumption in healthy older adults.J.
Am. Diet. Assoc.96:471–74

33. Drewnowski A, Henderson SA, Shore
AB. 1997. Genetic sensitivity to 6-n-
propylthiouracil (prop) and hedonic re-
sponses to bitter and sweet tastes.Chem.
Senses21: In press

34. Drewnowski A, Holden-Wiltse J. 1992.
Taste responses and food preferences in
obese women: effects of weight cycling.
Int. J. Obes.16:639–48

35. Drewnowski A, Krahn DD, Demitrack
MA, Nairn K, Gosnell BA. 1995. Nalox-
one, an opiate blocker, reduces the con-
sumption of sweet high-fat foods in obese
and lean female binge eaters.Am. J. Clin.
Nutr. 61:1206–12

36. Drewnowski A, Kurth C, Holden-Wiltse
J, Saari J. 1992. Food preferences in hu-
man obesity: carbohydrates versus fats.
Appetite18:207–21

37. Drewnowski A, Kurth CL, Rahaim JE.
1991. Taste preferences in human obesity:
environmental and familial factors.Am. J.
Clin. Nutr.54:635–41

38. Drewnowski A, Rock CL. 1995. The in-
fluence of genetic taste markers on food
acceptance.Am. J. Clin. Nutr.62:506–
11

39. Duffy VB, Backstrand JR, Ferris AM.
1995. Olfactory dysfunction and related
nutritional risk in free-living, elderly
women.J. Am. Diet. Assoc.95:879–84

40. Fantino M, Hosotte J, Apfelbaum M.
1986. An opioid antagonist, naltrexone,
reduces preference for glucose in humans.
Am. J. Physiol.251:R91–96

41. FAO. 1994. FAOSTAT.PC (version 3.0):
Food Balance Sheets 1961–94.Rome:
Food Agric. Org.

42. Fisher JO, Birch JL. 1995. Fat preferences
and fat consumption of 3- to 5-year-old
children are related to parent adiposity.J.
Am. Diet. Assoc.95:759–64

43. Fischer R, Griffin F, England S, Garn SM.
1961. Taste thresholds and food dislikes.
Nature191:1328

44. Food Marketing Institute. 1996.Trends in
the United States: Consumer Attitudes
and the Supermarket.Chicago: Food
Marketing Inst.

45. Frank RA, van der Klaauw NJ. 1994. The
contribution of chemosensory factors to

individual differences in reported food
preferences.Appetite22:101–23

46. Gent JF, Bartoshuk LM. 1983. Sweetness
of sucrose, neohesperidin dihydrochal-
cone, and saccharin is related to the ge-
netic ability to taste the bitter substance 6-
n-propylthiouracil.Chem. Senses7:265–
72

47. Gibney M, Sigman-Grant M, Stanton JL,
Keast DR. 1995. Consumption of sugars.
Am. J. Clin. Nutr.62(Suppl.):1785–945

48. Glanville EV, Kaplan AR. 1965. Food
preference and sensitivity of taste for bit-
ter compounds.Nature205:851–53

49. Glinsman WH, Irausquin H, Park YK.
1986. Evaluation of health aspects of sug-
ars contained in carbohydrate sweeteners.
Report of the FDA Sugars Task Force.J.
Nutr. 116(11S):S1–216

50. Grinker JA, Price JM, Greenwood MRC.
1976. Studies of taste in childhood obe-
sity. In Hunger: Basic Mechanisms and
Clinical Implications, ed. D Novin, W
Wyrwicka, GA Bray, pp. 441–57. New
York: Raven

51. Heatherington MM, Vervaet N, Blass E,
Rolls BJ. 1991. Failure of naltrexone to
affect the pleasantness or intake of food.
Pharm. Biochem. Behav.40:185–90

52. Johnson SL, McPhee L, Birch LL. 1991.
Conditioned preferences: young children
prefer flavors associated with high dietary
fat. Physiol. Behav.50:1245–51

53. Kalmus H. 1971. Genetics of taste. In
Handbook of Sensory Physiology,ed. LM
Beidler, pp. 165–79. Berlin: Springer

54. Kern DL, McPhee L, Fisher J, Johnson S,
Birch LL. 1993. The postingestive conse-
quences of fat condition preferences for
flavors associated with high dietary fat.
Physiol. Behav.54:71–76

55. Kristal AR, White E, Shattuck AL, Curry
SJ, Anderson GL, Urban N. 1992. Long-
term maintenance of a low-fat diet: dura-
bility of fat-related dietary habits in the
Women’s Health Trial.J. Am. Diet. As-
soc.92:553–59

56. Krondl M, Lau D, Yurkiw MA, Coleman
PH. 1982. Food use and perceived food
meanings of the elderly.J. Am. Diet. As-
soc.80:523–29

57. Leibowitz SF, Kim T. 1992. Impact of a
galanin antagonist on exogenous galanin
and natural patterns of fat ingestion.Brain
Res.599:148–52

58. Logue AW. 1986.The Psychology of Eat-
ing and Drinking.New York: Freeman

59. Lucas F, Bellisle F. 1987. The measure-
ment of food preference in humans: Do
taste-and-spit tests predict consumption?
Physiol. Behav.39:739–43

A
nn

u.
 R

ev
. N

ut
r.

 1
99

7.
17

:2
37

-2
53

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 M
or

eh
ea

d 
St

at
e 

U
ni

ve
rs

ity
 o

n 
01

/0
4/

12
. F

or
 p

er
so

na
l u

se
 o

nl
y.



    

P1: ARK/MBL/mkv P2: MBL/vks QC: MBL/bs T1: MBL

May 3, 1997 10:13 Annual Reviews AR033-12

252 DREWNOWSKI

60. Mattes RD. 1985. Gustation as a determi-
nant of ingestion: methodological issues.
Am. J. Clin. Nutr.41:672–83

61. Mattes RD. 1993. Fat preferences and ad-
herence to a reduced-fat diet.Am. J. Clin.
Nutr. 57:373–81

62. Mattes RD, Cowart BJ, Schiabo MA,
Arnold C, Garrison B, et al. 1990. Dietary
evaluation of patients with smell and/or
taste disorders.Am. J. Clin. Nutr.51:233–
40

63. Mattes RD, Mela DJ. 1986. Relationships
between and among selected measures of
sweet taste preference and dietary intake.
Chem. Senses11:523–39

64. Meiselman HL, Waterman D, Syming-
ton LE. 1974.Armed Forces Food Pref-
erences. Tech. Rep. 75–63-FSL.Natick,
MA: US Army Natick Dev. Cent.

65. Mela DJ. 1988. Sensory assessment of fat
content in fluid dairy products.Appetite
10:37–44

66. Mela DJ. 1995. Understanding fat pref-
erence and consumption: applications of
behavioural sciences to a nutritional prob-
lem.Proc. Nutr. Soc. London54:453–64

67. Mela DJ, Sacchetti DA. 1991. Sensory
preferences for fats: relationships with
diet and body composition.Am. J. Clin.
Nutr. 53:908–15

68. Monneuse MO, Bellisle F, Louis-
Sylverstre J. 1991. Response to an
intense sweetener in humans immediate
preference and delayed effects on intake.
Physiol. Behav.49:325–30

69. Moskowitz HR. 1978. Taste and food
technology: acceptability, aesthetics, and
preference. InHandbook of Perception,
ed. EC Carterette, MP Friedman, 1:157–
194. New York: Academic

70. Moskowitz HR, Kluter RA, Westerling J,
Jacobs HL. 1974. Sugar sweetness and
pleasantness: evidence for different psy-
chophysical laws.Science184:583–85

71. Murphy C. 1989. Aging and chemosen-
sory perception of and preference for nu-
tritionally significant stimuli. Ann. NY
Acad. Sci.561:251–66

72. Murphy C. 1993. Nutrition and
chemosensory perception in the el-
derly.C. R. Food Sci. Nutr.33:3–15

73. Murphy C, Withee J. 1986. Age-
related differences in the pleasantness
of chemosensory stimuli.Psychol. Aging
1:312–18

74. Olson GA, Olson RD, Kastin AJ. 1992.
Endogenous opiates: 1991.Peptides
13:1247–87

75. Pangborn RM. 1970. Individual variation
in affective responses to taste stimuli.Psy-
chonomic Sci.21:125–26

76. Pangborn RM. 1988. Sensory attributes
and acceptance of fat, sugar, and salt in
dairy products. InFood Acceptability,ed.
DMH Thomson, 1:413–29. London: El-
sevier

77. Pangborn RM, Bos KE, Stern J. 1985. Di-
etary fat intake and taste responses to fat in
milk by under-, normal-, and overweight
women.Appetite6:25–40

78. Pangborn RM, Giovanni ME. 1984. Di-
etary intake of sweet foods and of dietary
fats and resultant gustatory responses to
sugar in lemonade and to fat in milk.Ap-
petite5:317–27

79. Pangborn RM, Pecore SD. 1982. The taste
of sodium chloride in relation to dietary
intake of salt.Am. J. Clin. Nutr.35:510–
20

80. Pelchat ML, Danowski S. 1992. A pos-
sible association between PROP-tasting
and alcoholism.Physiol. Behav.57:1261–
66

81. Perisse J, Sizaret F, Francois P. 1969. The
effect of income and the structure of the
diet.FAO Nutr. Newsl.7:1–9

82. Peryam DR, Pilgrim PJ. 1957. Hedonic
scale method for measuring food prefer-
ences.Food Technol.11:9–14

83. Popkin BM. 1994. The nutrition transi-
tion in low-income countries: an emerg-
ing crisis.Nutr. Rev.52:285–98

84. Popkin BM, Paeratakul S, Zhai F, Ge K.
1995. Dietary and environmental corre-
lates of obesity in a population study in
China.Obes. Res.3(Suppl. 2):135–43S

85. Reedy FE, Bartoshuk LM, Miller IJ,
Duffy VB, Yanagisawa K. 1993. Rela-
tionship among papillae, taste pores and
6-n-propylthiouracil (Prop) suprathresh-
old taste sensitivity. Chem. Senses
18:618–19

86. Rodin J. 1981. Psychological factors in
obesity. InRecent Advances in Obesity
Research II,ed. P Bjorntorp, M Cairella,
AN Howard, 1:106–23. London: Libbey

87. Rodin J, Moskowitz HR, Bray SA. 1978.
Relationship between obesity, weight
loss, and taste responsiveness.Physiol.
Behav.17:391–97

88. Rolls BJ. 1986. Sensory-specific satiety.
Nutr. Rev.44:93–101

89. Rolls BJ. 1994. Changing the preference
for fat in foods.Nutr. Rev.52:21–23

90. Rolls BJ, Dimeo KA, Shide DJ. 1995.
Age-related impairments in the regulation
of food intake.Am. J. Clin. Nutr.62:923–
31

91. Rolls BJ, Drewnowski A. 1997. Nutrition
and aging. InEncyclopedia of Gerontol-
ogy,pp. 429–40. New York: Academic

A
nn

u.
 R

ev
. N

ut
r.

 1
99

7.
17

:2
37

-2
53

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 M
or

eh
ea

d 
St

at
e 

U
ni

ve
rs

ity
 o

n 
01

/0
4/

12
. F

or
 p

er
so

na
l u

se
 o

nl
y.



    

P1: ARK/MBL/mkv P2: MBL/vks QC: MBL/bs T1: MBL

May 3, 1997 10:13 Annual Reviews AR033-12

TASTE PREFERENCES AND FOOD INTAKE 253

92. Rolls BJ, Rowe EA, Rolls ET, Kingston
B, Megson A, Gunary R. 1981. Variety
in a meal enhances food intake in man.
Physiol. Behav.26:215–21

93. Rozin P, Vollmecke TA. 1986. Food likes
and dislikes.Annu. Rev. Nutr.6:433–56

94. Sanjur D. 1982.Social and Cultural Per-
spectives in Nutrition,p. 336. Englewood
Cliffs, NJ: Prentice-Hall

95. Schiffman SS. 1993. Perception of taste
and smell in elderly persons.C. R. Food
Sci. Nutr.33:17–26

96. Schiffman SS, Warwick ZS. 1989. Use of
flavor-amplified foods to improve nutri-
tional status in elderly patients.Ann. NY
Acad. Sci.561:267–76

97. Schiffman SS, Warwick ZS. 1993. Effect
of flavor enhancement of foods for the el-
derly on nutritional status: food intake,
biochemical indices and anthropometric
measures.Physiol. Behav.53:395–402

98. Steiner JE. 1977. Facial expressions of
the neonate infant indicating the hedonics
of food-related chemical stimuli. InThe
Genesis of Sweet Preference. USHEW,
DHEW Publ no. (NIH) 77–1068,ed. JM
Weiffenbach, pp. 173–89. Washington,
DC: NIH

99. Stevens JC, Bartoshuk LM, Cain WS.
1984. Chemical senses and aging: taste
versus smell.Chem. Senses9:167–79

100. Thompson DA, Moskowitz HR, Camp-
bell R. 1976. Effects of body weight and
food intake on pleasantness ratings for
sweet stimulus.J. Appl. Psychol.41:77–
83

101. Tuorila H, Pangborn RM. 1988. Predic-
tion of reported consumption of selected
fat-containing foods.Appetite 11:81–
95

102. USDA. 1995.Nutrition & Your Health:
Dietary Guidelines for Americans. Home
and Garden Bulletin No. 232.Washing-
ton, DC: USDA

103. Volpicelli JR, Alterman AI, Hayashida M,
O’Brien CP. 1992. Naltrexone in the treat-
ment of alcohol dependence.Arch. Gen.
Psychiatr.46:54–58

104. Warwick ZS, Schiffman SS. 1990. Sen-
sory evaluations of fat-sucrose and fat-salt
mixtures: relationship to age and weight
status.Physiol. Behav.48:633–36

105. Weiffenback JM, Bartoshuk LM. 1992.
Taste and smell.Clin. Geriatr. Med.
8:543–55

106. Witherly SA, Pangborn RM, Stern JS.
1980. Gustatory responses and eating du-
ration of obese and lean adults.Appetite
1:52–63

107. Wurtman JJ. 1984. The involvement of
brain serotonin in excessive carbohydrate
snacking by obese carbohydrate cravers.
J. Am. Diet. Assoc.84:1004–7

108. Yeomans MR, Wright P, Macleod HA,
Critchley JA. 1990. Effects of nalmefene
on feeding in humans: dissociation of
hunger and palatability.Psychopharma-
cology100:426–32

109. Zallen E, Hooks LB, O’Brien K. 1990.
Salt taste preferences and perceptions of
elderly and young adults.J. Am. Diet. As-
soc.90:947–50

A
nn

u.
 R

ev
. N

ut
r.

 1
99

7.
17

:2
37

-2
53

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 M
or

eh
ea

d 
St

at
e 

U
ni

ve
rs

ity
 o

n 
01

/0
4/

12
. F

or
 p

er
so

na
l u

se
 o

nl
y.


