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The pleasure response to palatable foods, notably those rich
in sugar and fat, may be mediated through the endogenous
opioid peptide system. In a recent study, infusions of the
opioid antagonist naloxone were shown to reduce taste pref-
erences for sugar-fat mixtures and to decrease the consump-
tion of sweet and high-fat foods. The effects were more pro-
nounced among women characterized as compulsive
‘binge-eaters’ than among control subjects. Cravings by obese
or bulimic women for chocolate and other sweet, fat-nch
desserts may be under opioid control.

Endogenous op.oid peptides are involved in the regu-
lation of energy intake both in humans and in rats.
Opioid peptides may influence food intake by mediating
the pleasure response to foods. it has been proposed that
the sensory pleasure response to foods is largely brought
about by the release of endogenous opioid peptides in
the brain'. The blockade of opioid receptors by the
adiministration of opioid antagonists (see Glossary)
would thus be expected to reduce taste preferences and
the pleasure response to foods and. consequently, to
diminish the consumption of preferred foods. Indeed.
*he opioid antagonists naloxone and naltrexone have
been found to reduce food consumption in rats and
mice”; such effects appear to be most pronounced for
the best-tasting foods. Naloxone and naltrexone selec-
tively reduced the consumption of a fat-rich diet by lab-
oratory rats and prevented the development of obesity ",
conversely, opioid agonists such as morphine or butor-
phanol selectively increasew the consumption of dietary
fat*. Some researchers belicve that the primary role of
the opioid peptide system is to mediate overeating as-
sociated with exposure 10 pieasant-tasing sweet or
high-fat foods®.

Adam Drewnowski 15 Director of the Human Nutntion Program, Univ srsity
of Michigan School of Public Health, Ann Arbor. MI 48109-2029. L'SA
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opioid peptide system

Adanm, Drewnowski

Opioid peptides and taste preferences

Early studies on opioids and taste preferences deal
almost exclusively with preferences for sweet taste and
the consumption of sweet solutions. Preferences for sweet
taste appeared to be under opioid control. Studies on rats
showed that opioid antagonists most effectively reduced
intakes of preferred sweet liquids such as glucose, su-
crose or saccharin solutions’. In addition, limited studies
on human subjects showed that oral doses of naltrexone
reduced the pleasantness ratings of sucrose solutions and
diminished the: acceptability of food odors®.

More recent studies on human taste preferences have
focused on the role of fats in determining food accept-
ability and fuod consumption. Typical stimuli studied
were basically mixtures of sugar and fat, including milk
shakes, cake frostings, cream cheese and ice cream’ °
Studies on animals have suggested that preferences for
dietary fats may also be under opioid control. In one
study, the consumption of chocolate milk or chocolate
candy by rats caused increased release ot the opioid pep-
tide B-endorphin'. In other studies, infusions of sucrose
or fat increased analgesia thresholds (the ability to with-
stand pain) in infant rats, also suggesting an incrcase in
opioid release in response 10 the sugar or fat infusion''.

aqombngmatcounmaameefkmdopo‘ds
h . Itrexone and ralmek

Opioid agonists: Drugs that mimic the effects of opioids, such as
morphine and butor .+ anol.

i
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The recent study by Drewnowski ef al.” was the firs:
to examine the effects of opioid blockade on human
taste preferences for and consumption of mixtures of
sugar and fat. Female subjects receiving intravenous
naloxone infusions tasted 20 sweetened dairy products
wnh different sugar and fat contents, and rated the
s *and ‘pl * of each Je. Naloxone
had no effect on thc perception of sweetness intensity.
However, ‘pleasantness’ ratings for all the products
were reduced relative to the ratings of subjects given a
control infusion of saline, suggesting that opioid blockade
does reduce the sensory pleasure response to both sweet
and high-fat foods.

Opioid peptides and food consumption

Studies on human subjects have previously shown
that opioid blockade leads to a reduction in food intake
In clinical studies, naloxone reduced meal consumption
by normal-weight and obese subjects, and diminished
the amount of food consumed during ‘binges’ by female
subjects with bulimia'?. Other studies have demonstrated
that the opioid antagonists naltrexone and nalmefene
reduced energy intakes during a lunch-time meal'* ",
Conversely, butorphanol injections led to an increase in
the consumption of sandwiches, as measured in the
laboratory over a six-hour period®. The effects of
naloxone on specific foods were not sysiematically
measured. however, one study reported that nalmefene
selectively reduced the lunch-time consuraption of the
subjects” mnst preferred foods, regardless of nutrient
composition'’,

Sweet desserts rich in both sugar and fat are among
the most palatable foods in the Westem diet. Such highly
preferred foods are i:zquently the object of food cravings

Tabk 1. Snack iood mlal(es of 26 mbmlnaid subjects as a
| percentage of the intakes of the same subjects given a saline
| placebo’
pom e e e e o
: Snack food Relative
1 category Snack food ntake (%)
' Low-sugar. low-fat Popcorn 136
| ‘Saltines” (crackers) ‘20
Bread sticks 85
Predzels 74
tow-sugar. high-fat *Fritos” com chips 110
Cream cheese plus ‘Saltines’ 84
Potato chips ‘crisps) 65
Shorthread 26
1 High-suger. low-fat lelly beans 85
' Marshmallows ]
j ‘fello” gelatin dessent 67
lelly (1am} pius *Salnnes’ 23
High-sugar, high-fat  Chocolate chip cookies 78
‘Smickers’ choculate bar 54
"M&M’ chocolate canvlies 41
'Oreo’ chocolate cookies 10
S R R
1 *Taken 1rom Rer 9

and feature prominently in reports of eating binges
and food ‘addictions’; chocolate, in particular, is the
most common object of food cravings by women's,
Consequently, the most pronounced effects of opioid
peptides on food intake might be expected to be ob-
tained for foods rich in sugar and fat, and especially for
foods containing chocolate; accordingly, it might be
expected that opioid blockade would selectively reduce
the reward va!uc of highly palatable foods and, thus,
selectively diminish their ¢« ption

A recent study® tested the effects of naloxone in-
fusions on the consumption of 16 common snack foods,
divided into four categories according to their sugar and
fat contents. As shown in Table 1, pronounced effects of
naloxone were observed for the foods rich in fat, sugar,
or both. On the other hand. in contrast to previous
results'’, there was no significant correlation between
the magnitude of the effects of naloxone and preference
ratings for the different foods. Intakes of some of the
most highly rated foods (e.g. popcom) were actually
increased by naloxone. Other studies have also suggested
that opioid blockade increases the intake of bland
carbohydrate-rich foods'. The effects of naloxone on
food intake were not mediated by changes n hunger
ratings, in contrast to the findings of other studies' in
which hunger ratings were affected by naloxone.

All four foods in the high-sugar, high-fat category
happened to contain chocolate. As noted above, choc-
olate is probably the most common object of uncontrol-
lable food cravings and food ‘addictions’ among women;
furthermore, recent studies have specifically linked
cravings for chocolate with the premenstrual syn-
drome'. If chocolate consumption leads to endogenous
opioid peptide release in humans, as it does in rats',
then chocolate might be expected to act as a natural
analgesic. The possibility that chocolate can reduce pain
thresholds in humans is currently under investigation in
our lahoratory.

Opinid peptides in obesity and eating disorders

Cravings for chocolate candy and ice cream have
been frequent'y reported among obese and dieting
womer., and eating binges involving chocolate and ice
cream are characteristic of compuisive eating behavior
in subjects with bulimia nervosa. Both obese and bulimic
women have been shown (0 have abnormal opioid pep-
tide levels. It may be that the opioid peptide sysiem
plays a major role in mediating binge eating cpisodes
among susceptible obese and bulimic individuals.
Accordingly, maximal efiects of opioid blockade on
food consumption are likely to be obtained among sub-
jects showing a pattern of compulsive binge eating.

The recent study of Drewnowski et al.? examined the
effects of naloxone infusion on tood consumption in 14
women who were binge eaters and in 12 normal-weight
female controls. Eight of the binge eaters were obese.
Caloric intakes in binge eaters were significantly re-
duced in subjects given naloxone, relative to control
subjects given saline. This reduction in food iniake was
not specific to any particular macronutrient: intakes of

Trends 1n Food Science & Technology Apal 1992 tvol. 3]



carbohydrate, protein, and fat were all significantly
reduced. However, the overall reduction in intakc was

Apfelbaur , M. and Mandenoff. A. (198)) Pharmacol. Bioche. Behav.
15,899

largely due to the reduced intake of sweet, high-fat ¢ Marks-Kaufman, R. and Kanarek, R B. (1980) Pharmacol. Biochem.
foods: the intake of chocolate and cookies was reduced Behav. 12, 427-430
S P~mos, DR, Gosnell, B.A., Morley, ).£. and Levine, A.S. (1987}
the most. 1 Nutr. 117, 976-985
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Book Reviews

As the editors state in their initroduction:

(1989) Br. . Addiction 84, 173-180

Food Product Development: From Concept
to the Marketplace

edited by Emst Graf and tsrael Sam Saguy, Van Nostrand Reinhold, 1991. £39.00 (420 pages)
BN 0 442 00185 1

‘Numerous textbooks treat various as-
pects of food chemistry and engineering,
yet litle information s available on the
process of industrial food research and
development. Currently, no textbooks of

acadenic courses cover the broad area
of product development. This vord keeps
even the mowk qualified person from
reaciung an informed decrsion about a
career in this field.’

Attempting to fill this ‘void’, this book
provides an interesting overview of the
interface between food product develop-
ment and the marketplace. It is divided
into 19 chapters, dealing with subjects
ranging from market perspectives, con-
sumer research, R&D. engineering,
safety and logistics to quality assurance
and rutritional aspects. The last four
chapters are mainly dedicated to periph-
eral issues; university-industry synergy,
the protection of intellectual property,
and ‘Europe 1992°. More futuristic chap-
ters or- Focal issues in food science and
engineering’ and ‘Suategies for global
product development’ touch on many

nteresting newer technologies such as

supercritical fluid extraction, irradiation,
membrane processes and biotechnotogy.

The chapter by Emst Graf and Israel
Sam Saguy on the ‘R&D process’ is an
interesting and fairly complete survey of
R&D activities in the food business -
from the screening of ideas, through
feasibility studies and product develop-
ment, to commercialization and, eventu-
aily, maintenance. However, it does not
present a balanced view of the state of
R&D activity in the food industry. It is
true that the food industry spends a
lowes percentage of its sales income on
R&D than drug manufacturers do - but
exciting and creative new research is
stifl being carmied out!

The book highlights some of the
activities and skill requirements that are
unique 0 an industrial food research
career, as well as touching on many
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different aspects of food product devel-
opment, to show how the predominantty
market-driven industry can deal with
rapid changes by adapting existing
products and technologies.

Some chapters are rather superficial
(hus, although the beok fulfils its
purpose as stated in the introduction,
ity coverage cannot be regarded as
exhaustive, as would be expected from
a textbook 1t dnes provide a very gen-
eral overview ot the areas that would be
of interest 1o those who do not know
much about R&D in the food industry,
but need to get involved.

). Lokiger
Departiment of Food Scence. Nestec Lid,
Nestié Research Centre. PO Box &4,
CH-1000 Lausans & 26, Switreriand.



