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Conditioned food preferences 
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Animals learn to prefer the flavors of foods on the basis of the foods' postingestive nutritional 
consequences. This has been demonstrated with the conditioned flavor preference paradigm. With 
this paradigm, one flavor (the CS+) is paired with a nutrient that is orally consumed or is in
fused via a post-oral (e.g., intragastric) route; another flavor (CS-) is paired with a nonnutritive 
source. In subsequent two-choice tests, the rats displayed reliable preferences for the CS + flavor 
over the CS- flavor. Very strong preferences (>95%) for sour or bitter flavors have been condi
tioned in nondeprived rats by pairing the CS+ with intragastric infusions of Polycose during 
24-hlday training sessions. These conditioned preferences persisted for several weeks when the 
CS+ flavor was no longer paired with IG nutrient infusions. Thus, with the appropriate training 
procedures, conditioned flavor preferences can be as robust as conditioned flavor aversions. 

In deciding which foods to select and reject, omnivores 
like the rat are guided by both innate and acquired flavor 
preferences and aversions. Much attention has been fo
cused on the rat's inborn preference for the sweet taste 
of sugar, although recent work suggests that rats also have 
innate attractions to the taste of starch and the flavor of 
fat (Ackroff, Vigorito, & Sclafani, 1990; Hall & Bryan, 
1981; Vigorito & Sclafani, 1988). Rats avoid, on the other 
hand, bitter and sour tastes and show either a preference 
for or an aversion to salty tastes, depending on the salt con
centrations and the rats' sodium repletion/depletion state 
(Hall & Bryan, 1981; Nachman, 1962). These inherited 
predispositions presumably aid the animal in selecting 
nutritious foods and avoiding toxic or imbalanced foods. 

With experience, animals refine their preferences and 
aversions as they associate the flavors of specific foods 
with the foods' postingestive consequences. There is ex
tensive evidence that rats, along with many other species, 
readily learn to avoid the flavor of foods or fluids that 
produce visceral malaise (Barker, Best, & Domjan, 1977). 
Such aversions are formed even with respect to highly 
preferred sweet substances (e.g., sugar solutions) that are 
followed by toxicosis (e.g., LiCl injection), so that the 
conditioned animal reacts to the "sweet" as if it had an 
unpalatable bitter taste (Berridge, Grill, & Norgren, 
1981). Less well documented, on the other hand, is the 
conditioning of food preferences based on postingestive 
nutritional benefits. In particular, previous attempts to 
convert flavor aversions to preferences by means of nutri
tional conditioning have been unsuccessful (Rozin, Gruss, 
& Berk, 1979). This has led to the view that flavor pref-
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erence conditioning is inherently more difficult than aver
sion conditioning (Rozin & Zellner, 1985; Zahorik, 1979). 
However, recent findings from several different labora
tories demonstrate that rats can acquire nutrient-based 
flavor preferences (see, e.g., Bolles, Hayward, & Cran
dall, 1981; Booth, 1985; Capaldi, Campbell, Sheffer, & 
Bradford, 1987; Holman, 1968; Puerto, Deutsch, Molina, 
& Roll, 1976; Sclafani, 1990; Simbayi, Boakes, & Burton, 
1986). The present paper is a brief review of work from 
my laboratory which shows that with the appropriate train
ing procedures very strong preferences can be conditioned 
even for normally avoided bitter and sour tastes (see also 
Sclafani, 1990). 

CONDITIONED FLAVOR PREFERENCE 
PARADIGM 

The standard procedure used to study acquired food 
preferences is the conditioned flavor preference paradigm 
(CFP). With this procedure, an arbitrary flavor (the con
ditioned stimulus, or CS+) is paired with a nutrient (the 
unconditioned stimulus, or US), and a different flavor (the 
CS-) is paired with a nonnutritive source (e.g., water) 
or nothing. Following some number of training trials, the 
animal's preference for the CS+ and CS- flavors is as
sessed in two-bottle choice tests. There are many varia
tions on this paradigm. For example, the nutrient US may 
be delivered via an oral route (i.e., the animal consumes 
the nutrient by mouth) or by a post-oral route (e.g., the 
animal is given an intragastric nutrient infusion). 

ORAL CONDmONING STUDIES 

With respect to the oral route, it has been reported in 
several studies that rats will acquire preferences for a CS + 
flavor mixed into a nutrient solution or powdered food; 
this is a simultaneous conditioning procedure, since the 
CS + and US are presented together. Conditioned flavor 
preferences have been obtained with various nutrient USs, 



including sugars, hydrolyzed starch (e.g., Polycose), 
starch, fat, protein, and ethanol (Bolles et al., 1981; 
Elizalde & Sclafani, 1988; Mehiel & Bolles, 1988). For 
example, we (Elizalde & Sclafani, 1988) recently trained 
rats to drink a CS + flavored Polycose solution (the US) 
and CS - flavored water on separate days; the CSs were 
saccharin-sweetened cherry or grape flavors. In subse
quent two-choice tests with flavored water, the rats dis
played a 90% preference for the CS + flavor over the 
CS- flavor. Following a second training session, how
ever, this preference weakened to 70%, apparently be
cause the animals learned to discriminate between the 
CS + flavored Polycose and CS + flavored water. 

Animals have also been trained according to a trace con
ditioning procedure, in which they consume the CS+ (fla
vored water) and then, following a delay, the nutrient US. 
In general, the trace procedure has been less effective than 
the simultaneous procedure in conditioning flavor pref
erences, but significant CS + preferences have been ob
tained with delays as long as 1 h between CS + and US 
presentation (Capaldi et al., 1987; Elizalde & Sclafani, 
1988; Holman, 1975; Simbayi et al., 1986). The ability 
of animals to learn CS + preferences with the delayed 
presentation of the nutrient US is of interest, because in 
the normal process of ingestion and digestion there is some 
delay between the orosensory effects and the postingestive 
consequences of food. 

A potential complication with oral conditioning proce
dures is that the flavor of the nutrient may facilitate or 
interfere with conditioning of the CS + flavor preference. 
Facilitation may occur through the process of flavor-flavor 
conditioning. That is, animals may learn to prefer the 
CS + flavor because they associate it with the flavor of 
the nutrient (e.g., the sweet taste of sugar) rather than
or in addition to-the postingestive consequences of the 
nutrient. Flavor-flavor conditioning has been formally 
demonstrated in experiments in which a cue flavor was 
paired with a palatable but nonnutritive saccharin solu
tion or mineral oil emulsion (Elizalde & Sclafani, 1990; 
Holman, 1975). Although flavor-flavor conditioning is 
an interesting phenomenon in its own right (Rozin & Zell
ner, 1985), it is a potential confound in the analysis of 
the postingestive conditioning effects of nutrients (referred 
to here as flavor-nutrient conditioning). 

One approach taken to minimize the impact of flavor
flavor associations in food preference conditioning is to 
use "bland" tasting nutrients such as starch (Bolles et al., 
1981; Capaldi et al., 1987; Simbayi et al., 1986). How
ever, recent findings indicate that rats are very attracted 
to the flavor of starch and starch-derived polysaccharides, 
so that data obtained with these carbohydrates cannot be 
taken as unambiguous evidence for flavor-nutrient con
ditioning (Sclafani, 1987). Mehiel and Bolles (1988) 
evaluated the contribution of nutrient flavor in food con
ditioning by comparing the effects obtained with nutrient 
USs that differed in their initial palatability (sucrose, Poly
cose, com oil, ethanol). They obtained comparable CS+ 
preferences with the different nutrients and therefore con-
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cluded that caloric value rather than flavor of the nutrient 
USs was the primary reinforcer of the CS + flavor pref
erence (but see Elizalde & Sclafani, 1990). 

Another way to control for flavor-flavor conditioning 
is to add the nutrient US to the CS + and the CS - flavors 
and to manipulate the postingestive effects of the US using 
a gastric fistula. That is, the rat is trained to eat the CS + 
flavored US solution with a closed gastric fistula ("real 
feeding"), so that nutrient is normally digested and ab
sorbed, and the CS - flavored US solution with an open 
gastric fistula ("sham feeding"), so that the nutrient leaves 
the digestive system unabsorbed. In the first study of this 
type, Van Vort and Smith (1983) failed to obtain a con
ditioned preference for a CS + flavored milk diet that was 
real-fed over a CS - flavored diet that was sham-fed. How
ever, in a more recent experiment, we observed a reli
able CS+ preference in rats real- and sham-fed flavored 
Polycose solutions (Nissenbaum, Sclafani, Vigorito, & 
Cas souto , 1988; Sclafani, 1990). 

As noted above, the flavor of the nutrient may inter
fere with rather than facilitate preference conditioning in 
some situations; the nutrient flavor may overshadow the 
CS + flavor, for example. This is particularly likely in 
the trace conditioning procedure, in which the animal 
consumes the CS+ and then, after a delay, the US. In 
this case, the flavor of the nutrient is temporally more 
closely associated with the nutrient's postingestive actions 
than is the CS + flavor. One way to minimize the over
shadowing effect of the nutrient flavor is to use a back
ward conditioning procedure-that is, to present the CS + 
flavor after the US. Boakes and Lubart (1988) reported 
that rats learned to prefer a CS + flavor that was consumed 
3 min after the intake of a glucose US solution. A differ
ent tactic used by Elizalde and Sclafani (1988) was first 
to train animals that the flavor of the nutrient was not as
sociated with postingestive reinforcement. This was ac
complished through the preexposure of one group of rats 
to a Polycose solution containing acarbose, a drug that 
inhibits carbohydrate digestion; a second group was pre
exposed to Polycose without acarbose. When subsequently 
trained to associate a CS+ flavor with the delayed (10-
min) presentation of a Polycose solution, the rats in the 
Polycose-acarbose group acquired a stronger CS + pref
erence than did the rats in the Polycose-no-drug group. 

POST-ORAL CONDITIONING 

To eliminate the flavor of the nutrient as a potential con
found in food conditioning studies, one can deliver the 
nutrient by a route that bypasses the oral cavity. Signifi
cant flavor preferences have been obtained with intra
gastric infusions of complete diets or of glucose, casein, 
oil, or ethanol and intravenous or hepatic-portal infusions 
of glucose (Baker, Booth, Duggan, & Gibson, 1987; 
Holman, 1968; Mather, Nicolaidis, & Booth, 1978; Puerto 
et al., 1976; Sherman, Hickis, Rice, Rusiniak, & Garcia, 
1983; Tordoff & Friedman, 1986). However, preferences 
have not been obtained in all experiments, and in some 
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cases, flavor aversions were conditioned through nutrient 
infusions (Deutsch, Molina, & Puerto, 1976). These nega
tive results, however, should not detract from the posi
tive findings, since the post-oral administration of nutrients 
can be problematic. First, the experimenter-determined 
infusions may be excessive in size, rate, and/or concen
tration, and as a result, they may produce visceral dis
comfort (Booth, 1985). Second, nutrients delivered by 
non-oral routes may not be normally processed by the 
gastrointestinal system because of the absence of salivary 
enzymes (see Deutsch, 1990). 

In most previous nutrient conditioning studies, food
deprived animals have been trained in short, daily ses
sions (but see Mather et al., 1978). Recent work in my 
laboratory indicates that training nondeprived rats in long 
(24-h/day) sessions is very effective in conditioning flavor 
preferences (Elizalde & Sclafani, 1990; Lucas & Sclafani, 
1989; Sclafani & Nissenbaum, 1988). The rats in our 
studies were fitted with two chronic intragastric (lG) 
catheters that were connected through a swivel device to 
two infusion pumps. The pumps were automatically oper
ated whenever the rats drank from one or two drinking 
tubes containing flavored or unflavored water; the intra
gastric infusion rate approximated the oral ingestion rate. 
With this system, the animals were free to eat chow and 
drink fluid normally, and they controlled the number and 
size of IG infusions they received each day. 

In two initial studies (Elizalde & Sclafani, 1990; 
Sclafani & Nissenbaum, 1988), rats were trained by giv
ing them ad-lib access on 1 day to CS + flavored water, 
paired with IG infusions ofPolycose (16% or 32%). On 
the next day, the rats were given access to CS - flavored 
water, paired with IG water infusions. The cue flavors 
were unsweetened grape or cherry Kool Aid, and the CS + 
and CS - flavors were counterbalanced across subjects. 
In addition, the right-left positions of the flavors were 
counterbalanced across days. After 4 training days, flavor 
preferences were assessed by giving the rats access to both 
the CS + and CS - for 2 days paired with their appropri
ate infusions. 

After one or two training cycles, the rats in both studies 
displayed very strong preferences (> 90%) for the CS + 
over the CS- (Elizalde & Sclafani, 1990; Sclafani & 
Nissenbaum, 1988). The rats also preferred the CS+ to 
plain water (=90%), but they showed no reliable pref
erence between the CS - flavor and plain water. The latter 
findings indicate that the animals had developed a true 
preference for the CS + rather than an aversion for the 
CS -. Since intake of the CS + was paired with IG Poly
cose infusions in the two-choice tests, it could be argued 
that the rats selected the CS + in order to obtain the IG 
Polycose, not because they preferred the flavor per se. 
Subsequent extinction tests revealed that this was not the 
case; the rats strongly preferred (>90%) the CS+ when 
both the CS + and the CS - were paired with IG water 
infusions during 4- or 14-day two-choice tests (Elizalde 
& Sclafani, 1990; Sclafani & Nissenbaum, 1988). Further
more, the rats continued to reliably prefer the CS + flavor, 
although at a reduced level (=75%), after they had been 

returned to their home cages and were given 40 days of 
two-bottle access to CS + and CS - without IG infusions 
(Elizalde & Sclafani, 1990). 

We have also conditioned flavor preferences by pair
ing a grape or cherry flavor with IG infusions of a com 
oil emulsion (Lucas & Sclafani, 1989). The preferences 
conditioned by the com oil, however, developed less 
readily and were weaker than those conditioned by Poly
cose. Com oil may be less effective than Polycose in con
ditioning flavor preferences, because fats are digested and 
absorbed more slowly than carbohydrates are. Alterna
tively, there may be qualitative differences in the post
ingestive signals generated by these nutrients. In either 
case, these findings indicate that the caloric value of the 
US nutrient infusion is not the only determinant of flavor 
preference conditioning. 

In our most recent study, rats were conditioned as 
described above with IG infusions of 32% Polycose as 
the US, but the CS stimuli were bitter and sour flavors 
(Elizalde, 1990). That is, for half the rats (SOA sub
group), .03% sucrose octa acetate (SOA) was the CS+ 
paired with IG Polycose, and .05% citric acid (CA) was 
the CS - paired with IG water; for the remaining rats (CA 
subgroup), the CS flavors were reversed. Additional rats 
that served as controls were exposed to the same training 
procedures, except that both flavors were paired with IG 
water infusions. As indicated in Figure 1, the data from 
the control group show that the SOA and CA flavors were, 
as intended, equally acceptable in the one-bottle training 
trials and equally preferred in the two-bottle tests. Fur
thermore, the bitter and sour flavors were equally un
preferred in two-bottle tests with plain water. 

To illustrate that the bitter and sour flavors were equally 
effective as CS + stimuli, the data from the SOA and CA 
subgroups are presented separately in Figure 1. Follow
ing the one-bottle conditioning trials, the rats in both sub
groups displayed near-total preferences (96% -98%) for 
the CS + over the CS - in the two-bottle tests. Further
more, the SOA group showed a 94% preference for its 
bitter CS + over plain water, and the CA group showed 
a 97% preference for its sour CS + over plain water. Both 
groups, however, strongly preferred (=95%) plain water 
to their CS - flavor. 

The near-total preference displayed by the experimen
tal rats for their CS + flavors over plain water is in marked 
contrast to the = 70% preference that the control rats 
showed for plain water over the bitter and sour flavors. 
Thus, pairing the bitter or sour taste with IG Polycose 
converted a flavor aversion to a very strong learned pref
erence. Note, on the other hand, that the experimental 
rats displayed a stronger aversion than did the control rats 
to the sour and bitter tastes when they were the CS
stimuli. This may represent a negative contrast effect
that is, switching the experimental rats from the strongly 
preferred CS + to the CS - may have elicited an enhanced 
aversive response to the CS - flavor. 

Another new finding that emerged from this study is 
that the IG Polycose conditioned an increased acceptance 
(i.e., increased absolute intake) of the CS+ flavor. That 
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Figure 1. Mean (+SE) oral Intakes of sucrose octa acetate solu
tion (SOA), citric acid solution (CA), and plain water (H.O). The 
one-bottle data represent the Intakes from the second of two 4-day 
training ~; the two-bottle data represent the Intakes from 2-day 
two-bottle tests that foUowed the second training session. The CA 
group (II = 8) had citric acid (CS+) paired witb IG Polycose Infu
sions and SOA (CS-) paired with IG water Infusions, whereas tbe 
SOA group (II - 8) had SOA (CS+) paired witb IG Polycose and 
citric acid (CS-) paired with IG water infusions. The control group 
(II = 8) had botb citric acid and SOA paired witb IG water Infu
sions; water Intake In aU groups was paired with IG water infusions. 
Data from Elizalde (1990). 

is, as is illustrated in Figure I, the experimental rats con
sumed =:: 30% more of the sour and bitter CS + solutions 
than did the control group during the one-bottle training 
trials. The experimental subgroups' one-bottle intake of 
the CS + also exceeded their intake of plain water in the 
water versus CS - test (Figure I). In subsequent one
bottle acceptance tests conducted in the home cage with 
no IG infusions, the experimental rats also consumed more 
CS+ than plain water during short (3.6 vs. 1.2 rnI/30-
min) and long (60 vs. 43 rnI/24-h) sessions (Elizalde, 
1990). In our previous conditioning studies, we did not 
observe increased acceptance of cherry- or grape-flavored 
CS + solution; also the CS + preference developed less 
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rapidly with the cherry/grape flavors than with the bitter/ 
sour flavors (Elizalde & Sclafani, 1990). These differ
ences in conditionability may have occurred because the 
grape/cherry flavors are less distinctive to the animals than 
the bitter/sour flavors are; note that citric acid is a com
mon ingredient in the grape and cherry Kool Aid mix
tures. Thus, flavor preference conditioning may be in
fluenced by the specific CSs as well as USs used (see also 
Elizalde & Sclafani, 1988) . 

The strong preference and increased acceptance for the 
CS + flavors suggests that the experimental rats came to 
"like" the bitter and sour tastes. Rozin and Zellner (1985) 
have argued, however, than an increased flavor prefer
ence does not necessarily indicate a change in the hedonic 
evaluation of the flavor. That is, animals (including hu
mans) may come to prefer a flavor because they expect 
a beneficial consequence (e.g., recovery from illness) 
rather than because they come to "like" the flavor. There 
are no firmly established criteria to distinguish between 
hedonic conditioning and expectancy learning, although 
Rozin and Zellner (1985) suggest that preferences based 
on liking are more stable across physiological states and 
environmental contexts and are longer lasting than pref
erences based on expected outcomes. By these criteria, 
the CS + preferences conditioned by IG Polycose would 
appear to involve an enhanced hedonic evaluation of the 
CS + flavor, since these preferences are long-lasting and 
are displayed in both test cages and home cages as well 
as under both nondeprived and food-deprived conditions 
(Ackroff & Sclafani, unpublished observations; Elizalde, 
1990; Elizalde & Sclafani, 1990). 

Another criterion used to evaluate hedonic conditioning 
involves orofacial expressive responses (Rozin & Zellner, 
1985). Because rats display distinctive patterns of inges
tive and aversive orofacial reactions to intraoral infusions 
of taste stimuli such as sucrose and quinine (Grill & 
Berridge, 1985), these orofacial reactions have been taken 
as measures of positive and negative hedonic tone, although 
this interpretation is not universally accepted (Booth, 
1990). Elizalde (1990) recently investigated the effects 
of IG Polycose conditioning on the orofacial reactions to 
a sour or bitter CS + flavor. As described above, the rats 
displayed a strong preference and increased acceptance 
for the CS +. Nevertheless, they did not show increased 
ingestive reactions to the CS + flavor, relative to the CS
flavor, during I-min intraoral infusion tests. This find
ing, in contrast to the other data cited above, suggests that 
the preference conditioned by IG Polycose was not as
sociated with an increased liking for the CS + flavor. This 
issue requires further study; it is possible that the OTO

facial test employed in our laboratory was not sufficiently 
sensitive to reveal a change in the hedonic evaluation of 
the bitter and sour CS+ flavors. 

SUMMARY 

It is now firmly established that the postingestive nutri
tional effects of food can condition strong flavor prefer
ences in rats. Furthermore, not only can preferences be 
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acquired for neutral flavors, but also, with the appropri
ate procedures, aversions to bitter and sour tastes can be 
converted into strong preferences. Conditioned flavor 
preferences may also be associated with an increased ac
ceptance of the cue flavor and may be remarkably resis
tant to extinction. These results suggest that nutrient con
ditioning produces a long-lasting enhancement in the 
palatability of the CS + flavor, but the conditioning ef
fects on flavor hedonics remain to be clarified. Finally, 
the view that animals are inherently less capable of learn
ing flavor preferences as opposed to flavor aversions is 
no longer tenable in light of the recent preference condi
tioning studies. Although it is indeed the case that flavor 
aversions are more readily produced in the laboratory than 
flavor preferences are, this is due to the fact that it is easier 
to inject a toxic drug than to administer a physiologically 
appropriate nutrient infusion to an animal. 
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