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Abstract

The unpalatable flavor of ethanol solutions greater than ~ 6% may limit their consumption by rats. We determined if ethanol flavor
avoidance, like bitter or sour taste avoidance, can be reversed by intragastric (IG) carbohydrate conditioning. Ad lib fed rats drank 5% ethanol
and a matched flavor (0.05% citric acid + 0.5% maltodextrin, CM) on alternate days. For control rats, postingestive effects were equated: when
they drank one solution they were infused IG with the other. Conditioned rats were also infused with 5% ethanol when they drank CM, but
when they drank 5% ethanol they were infused with CM + 16% maltodextrin, a potent reward in flavor preference learning. In choice tests,
only the conditioned rats preferred ethanol to CM; both groups preferred 5% ethanol to water. Conditioned rats but not controls preferred
ethanol to water when the concentration was raised to 10%, and sustained their preference when the infusate carbohydrate was gradually
removed. When ethanol concentration was gradually raised to 25%, ethanol preference declined from 48% to 30% in the control rats and from
84% to 50% in the conditioned rats. Thus, ethanol flavor avoidance can be reversed or reduced by postingestive nutritive conditioning, which

may combine with the pharmacological effects of ethanol to produce the acquired appetite for the flavor of alcoholic beverages.

© 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

There has been considerable discussion in the literature
concerning the “unpalatable” flavor of ethanol and how this
may be a limiting factor in ethanol consumption by animals.
Detailed studies in rats indicate that the flavor of ethanol
flavor is complex, and includes both sweet and bitter
components as well as a strong olfactory element (Kiefer
et al., 1986, 1988, 1990; Kiefer and Mahadevan, 1993;
Kiefer and Lawrence, 1988). To naive, outbred rats, ethanol
flavor appears to be hedonically neutral, relative to water, at
low to moderate concentrations (0.5—6%) and aversive at
concentrations above 6% (Kiefer et al., 1987; Richter and
Campbell, 1940). At acceptable concentrations, intakes are
usually too low to elevate blood ethanol to pharmacologi-
cally relevant levels. Because the goal of animal models of
alcoholism is self-administration of significant doses of
ethanol, many studies have sought to induce rats to drink
ethanol at concentrations of 10% or higher.

* Corresponding author. Tel.: +1-718-951-5606; fax: +1-718-951-4824.
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One common procedure to promote the intake of higher
concentrations involves starting with a sweet sucrose solu-
tion, adding a low concentration of ethanol, and then
gradually increasing the ethanol concentration and reducing
the sucrose concentration until the rats are drinking un-
sweetened ethanol (Samson, 1986; Tolliver et al., 1988).
Several factors may contribute to the increased ethanol
appetite produced by the sucrose fading procedure. The
sweet taste of sucrose may stimulate rats to drink sufficient
ethanol so that they experience its pharmacological reward
properties, which they associate with ethanol flavor as the
sucrose is faded out of the solution. In addition, the post-
ingestive nutritive reward actions of ethanol as well as the
sucrose may condition an increased preference for the flavor
of ethanol through a flavor—nutrient conditioning process
(Ackroff and Sclafani, 2001; Sclafani, 1999). Finally, sweet
taste may enhance the “hedonic value” of the ethanol flavor
via a flavor—{flavor conditioning process. Studies with non-
nutritive solutions demonstrate that mixing a sweet taste with
a neutral or aversive flavor conditions an increased pref-
erence for the target flavor (Capaldi, 1996). The relative
contributions of pharmacological reward, nutritive reward
and sweet taste reward to the increased ethanol appetite
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produced by the sucrose fading procedure are uncertain. The
present study investigated the ability of postingestive nutrit-
ive reward to condition a preference for the flavor of
ethanol.

Learned flavor preferences can be produced by pairing
the intake of a cue flavor (the conditioned stimulus or CS+)
with intragastric (IG) infusions with various carbohydrates,
proteins or fats (Sclafani, 1999). We recently reported that
IG ethanol infusions can also condition flavor preferences in
nondeprived rats (Ackroff and Sclafani, 2001). The animals
were given ad libitum access to food, water and a flavored
noncaloric solution (the CS+) that was paired with a
concurrent IG infusion of 6% ethanol. On other days, a
different flavored solution (the CS—) was paired with I1G
water infusions. In subsequent two-bottle tests, the rats
significantly preferred the CS+ to the CS—, and this
preference was sustained as the ethanol concentration of
the infusate was gradually increased to 24%. Several other
reports of ethanol-conditioned flavor preferences have used
food and/or water deprived rats (Cunningham and Niehus,
1997; Deems et al., 1986; Fedorchak and Bolles, 1987;
Mehiel and Bolles, 1984; Sherman et al., 1983; Waller et al.,
1984). Since our rats were not deprived during training,
their learned preference for the ethanol-paired flavor was
not based on restoration of energy or hydration deficits. This
does not necessarily mean, however, that the flavor pref-
erence was reinforced by the pharmacological rather than
the nutritional effects of ethanol. For example, IG carbohyd-
rate infusions, even at what would appear to be calorically
insignificant concentrations, can condition flavor preferen-
ces in nondeprived animals (Ackroff and Sclafani, 1994).

Carbohydrate conditioning is also notable because it can
produce strong preferences for flavors that rats normally
avoid, including unsweetened Kool-Aid flavors, sour citric
acid, bitter sucrose octaacetate and pungent peppermint odor
(Sclafani, 1999). Once conditioned, these flavor preferences
are quite persistent even when no longer paired with
carbohydrate infusions (Sclafani, 1999). In view of these
results, we investigated if carbohydrate infusions can con-
dition a preference for the flavor of ethanol, if this pref-
erence persists when the ethanol is no longer paired with the
carbohydrate infusions and if this conditioned preference
would promote the intake of ethanol concentrations that rats
normally avoid.

In order to determine if the flavor of ethanol can be
enhanced by associating it with postingestive carbohydrate
reward, it is necessarily to control for the postingestive
actions of the ethanol. This was accomplished by training
rats with an ethanol solution and a second flavored solution
that was paired with IG ethanol infusions. In pilot work, we
developed a mixture of citric acid and maltodextrin (referred
to as CM) that was matched in initial acceptability to 5%
ethanol. The maltodextrin concentration was 0.5%, which
has a negligible caloric value and does not condition a flavor
preference when given IG (Ackroff and Sclafani, 1994).
Although the taste of maltodextrin, even at 0.5%, is attract-

ive to rats, it appears to be qualitatively different from the
sweet taste of sucrose (Sclafani, 1987) and the inclusion of
0.05% citric acid reduced intake of the CM mixture to levels
similar to that of the 5% ethanol. While the ethanol and the
CM solutions had distinctive tastes (“bitter—sweet” vs.
“sour—malty”’), their postingestive consequences were
equated by counterinfusions. That is, as control rats drank
5% ethanol they were infused with a matched volume of
CM and, as they drank CM, they were infused with a
matched volume of 5% ethanol. Experimental rats were
treated similarly except that when they drank 5% ethanol
they were infused with a CM mixture supplemented with
16% maltodextrin, a concentration that is very effective in
conditioning flavor preferences (Sclafani, 1999). Following
one-bottle training with these solutions and matched infu-
sions, preferences for the 5% ethanol and CM solutions
were assessed in two-bottle choice tests. The oral ethanol
concentration was then increased to 10%, the 16% malto-
dextrin was faded out of the experimental rats’ CM infu-
sions and the preference for ethanol vs. plain water was
determined. Additional tests compared ethanol preference in
the experimental and control rats as oral ethanol concentra-
tion increased to 25%. We predicted that the experimental
rats trained with 16% maltodextrin infusions would show
stronger and more persistent preferences for oral ethanol
than would the control rats. This would demonstrate that
postingestive nutrient reward can have lasting effects on the
rats’ response to the flavor of ethanol.

2. Method
2.1. Subjects

Adult male Sprague—Dawley rats (n=23) purchased
from Charles River Laboratories (Wilmington, MA) were
12 weeks old and weighed 375-429 g at the start of the
study. They were housed in stainless steel hanging cages
with ad lib access to powdered chow (No. 5001, PMI
Nutrition International, Brentwood, MO; 3.3 kcal/g) and
water. The animal colony and experimental rooms were
maintained on a 12:12 light—dark cycle (lights on 1000 h) at
21 °C.

2.2. Surgery

The rats were anesthetized with a mixture of ketamine
HCI (63 mg/kg) and xylazine (9.4 mg/kg), and implanted
with a stainless-steel gastric cannula used to attach the
infusion catheters as described previously (Elizalde and
Sclafani, 1990). Briefly, the cannula was inserted into the
fundus of the stomach and secured with a purse-string
suture, polypropylene mesh and dental cement. The shaft
of the cannula was passed through a small incision in the
abdominal wall and skin. When not in use, the cannula was
kept closed with a stainless steel screw.
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2.3. Apparatus

The infusion cages and circuitry used for IG infusion
were similar to the “electronic esophagus™ system previ-
ously described (Elizalde and Sclafani, 1990). In brief, the
rats were housed in stainless steel hanging cages (24 x
18 x 18 cm) with powdered chow available from a food
cup accessible through a hole in the back wall of the cage.
Incursions into the cup were monitored by a photocell.
Drinking fluids were available from stainless steel ball point
sipper tubes located through two small holes (19-mm
diameter) at the front of the cage. A slot in the cage floor
permitted two catheters attached to the rat’s gastric cannula
to be connected to a dual-channel infusion swivel located
below the cage; the catheters were protected by a flexible
stainless steel spring. Plastic tubing connected the swivel to
two peristaltic infusion pumps. The pumps were operated
automatically by drinkometer circuits and a microcomputer
whenever the rat drank from the sipper tubes. The flow rate
of the pumps was ~ 1.6 ml/min and they were controlled by
computer software to infuse ~ 1 ml of fluid for each 1 ml of
fluid orally consumed. The microcomputer stored on disk
the number of licks emitted during 6-s bins for offline
analysis of drinking patterns. The infusion system operated
22 h/day; during the remaining 2 h (1000—1200 h), chow
and fluids were not available while the intakes were meas-
ured and the infusion system serviced.

2.4. Solutions

The oral training fluids (CSs) were a 5% ethanol solution
and a mixture (CM) of 0.05% w/w citric acid (Fisher
Scientific, Springfield, NJ) and 0.5% w/w maltodextrin
(soluble hydrolyzed starch: Maltrin M580, Grain Process-
ing, Muscatine, IA). Left/right positions of the bottles were
counterbalanced across days. The infusates were water,
ethanol solutions, CM and CM + additional maltodextrin
(16%, 8% and 4% w/w). The ethanol solutions, which ranged
from 5% to 25% during testing, were prepared v/v by mixing
95% ethanol and water. The energy density of the 5% ethanol
training solution was 0.287 kcal/g. The CM solution con-
tained 0.019 kcal/g; addition of 16% maltodextrin increased
solution energy density to 0.627 kcal/g. The amounts of fluid
consumed and infused were recorded to the nearest 0.1 g.

2.5. Procedure

After a postsurgery recovery period (5—9 days), the rats
were given a two-bottle preference test with 5% ethanol vs.
water in their home cages for 2 days. Then the rats were
transferred to the infusion cages where they lived for the
remainder of the experiment. They were adapted to the cages
for 6 days with chow and water available ad lib. Then their
gastric catheters were attached and they were infused with
water whenever they drank water during the next 4 days.
Two groups were formed, experimental (Exp, n=12) and

control (Con, n=11), matched for pretraining ethanol intake
and preference, food and fluid intake and body weight.

Flavor training involved alternate-day access for 10 days
to 5% ethanol and CM. On even-numbered days, the rats
were given ethanol to drink; the Exp group was coinfused
with CM + 16% maltodextrin and the Con group with CM
(without any added maltodextrin). On odd-numbered days,
both groups drank CM and were infused with 5% ethanol.
Following training, the rats were given a series of two-bottle
preference tests. For 4 days, they were offered 5% ethanol
vs. CM, for 2 days water vs. CM and for 2 days 5% ethanol
vs. water. Throughout these tests, intakes of the training
solutions were still paired with their respective IG infusions
and intake of water was paired with IG water infusions. The
left—right alternation of solution positions continued in all
preference tests, using a minimum of 2 days to ensure that
the preference is for the solution rather than its position on
the cage.

Two-bottle testing of ethanol vs. water continued. First,
the ethanol concentration was increased to 10% for 5 days,
still paired with CM + 16% maltodextrin for the Exp group
and CM only for the Con group. Then the concentration of
the added maltodextrin in the Exp group’s infusate was
reduced to 8% (2 days), then 4% (2 days) and then 0% (4
days). The Exp and Con groups were next given a series of
ethanol vs. water tests, with the oral ethanol concentration
increasing by 2.5% every 2 days, to a maximum of 25%.
Intake of ethanol remained paired with CM infusions and
water with water infusions. The experimental conditions are
summarized in Table 1. The experimental protocol was
approved by the Institutional Animal Care and Use Com-
mittee at Brooklyn College.

2.6. Data analysis

The intake data were averaged over the 5-day periods of
training and over 2 or 4 days of preference tests. Unless
specified, all data represent oral intakes of ethanol solution,
CM solution or water; IG infusions closely matched oral
intakes. Drinking patterns were analyzed with a bout
defined as a period of drinking containing at least 30 licks
and interlick intervals no longer than 5 min. In analyses of
ethanol bout patterns on two-bottle days, animals that drank
little or no ethanol were not included. Ethanol intakes per
day and per bout were calculated as grams of pure ethanol
contained in the oral solutions or infusates. To obtain an
estimate of the average ethanol per bout of CM intake, the
ratio of infused ethanol solution to oral intake was used as a
correction factor to account for small variations from the
targeted 1:1 ratio. Body weights were obtained periodically
and used to calculate ethanol doses in grams per kilogram.
The data were entered in repeated measures analyses of
variance, except for single variable comparisons using #-
tests. For significant main effects, tests of differences
between specific means or groups of means were performed
with Newman—Keuls tests. For descriptive purposes, an
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Table 1
Summary of experimental conditions
Oral fluid IG fluid Number
of days

One-bottle training 10

(alternate days):
0.05% citric acid + 5% ethanol (all rats)

0.5% maltodextrin

(&)
5% ethanol Con: CM, Exp: CM +

16% maltodextrin (MD)

Two-bottle test: same pairing as training 2

5% ethanol vs. CM
Two-bottle tests vs. water

(paired with IG water):
CM 5% ethanol 2
5% ethanol Con: CM, Exp: CM + 16% MD 2
10% ethanol Con: CM, Exp: CM + 16% MD 5
10% ethanol Con: CM, Exp: CM + 8% MD 2
10% ethanol Con: CM, Exp: CM + 4% MD 2
10% ethanol CM 4
12.5% ethanol CM 2
15% ethanol CM 2
17.5% ethanol CM 2
20% ethanol CM 2
22.5% ethanol CM 2
25% ethanol CM 2

individual animal was said to have a preference if its intake
of a particular fluid was 60% or more of its total two-bottle
intake. Statistical comparisons of two-bottle preference
scores (CS+ intake/total intake x 100) were conducted on
inverse sine transformed percentage scores (Kirk, 1995). A
probability level of .05 was used in all tests.

3. Results
3.1. Overview

During training, the two groups drank similar amounts of
5% ethanol but the Exp rats drank less CM than did the Con
rats. In the choice tests, the Exp group strongly preferred 5%
ethanol to CM and to water, but preferred water to CM. The
Exp rats continued to prefer ethanol to water when the
concentration was raised to 10%, and this preference per-
sisted as 16% maltodextrin was faded out of the paired 1G
infusion. The Con group, in contrast, drank 5% ethanol and
CM equally and preferred both to water, but did not prefer
10% ethanol to water. As ethanol concentration increased to
25%, the Exp group gradually lost their ethanol preference
while the Con rats displayed an ethanol avoidance.

3.2. Baseline intakes
In the two-bottle preference test prior to training, the Exp

and Con groups drank similar amounts of 5% ethanol (18
and 20.9 g/day) and water (22.7 and 25.8 g/day). Ethanol
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& 40+
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2 30t
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8 20
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Fig. 1. Mean + S.E.M. daily oral intakes of 5% ethanol and CM solutions by
Exp and Con groups during one-bottle training. Intake of 5% ethanol was
paired with matched intragastric infusions of CM + 16% maltodextrin for
the Exp group and CM only for the Con group. Intake of CM was paired
with matched infusions of 5% ethanol for both groups. Asterisk denotes a
significant difference between ethanol and CM intakes (P <.001).

intake averaged 44% of total intake for the Exp group and
45% for the Con group. Four rats in each group drank 60%
or more of total intake as ethanol solution.

3.3. Training intakes

The mean intakes during one-bottle training are shown in
Fig. 1. There was an interaction of group and fluid type
[F(1,21)=7.09, P<.02]. Intakes of 5% ethanol were similar
in the two groups and intake of CM and ethanol did not

Table 2
Mean (+ S.E.M.) ethanol doses, energy intakes (kcal) and bout patterns on
training days

Exp group Con group

Oral CM Oral Oral CM Oral
ethanol ethanol

3.17° (0.30) 2.93° (0.22) 2.96° (0.29)

Ethanol dose  2.09** (0.14)

(g/kg/day)

Energy from

Ethanol 6.5% (0.5) 9.8° (1.0) 8.8°(0.7)  9.1°(0.9)
Maltodextrin ~ 0.4% (0.0) 202°(0.3)  0.6°(0.0)  0.6%(0.1)
Chow 78.2* (3.2) 745° (3.1)  81.8*(2.1) 83.8°(1.8)
Total 85.1 (3.2) 104.5° (2.5)  91.2* (2.5) 935 (2.2)
Bout patterns

Bout number 11.8% (0.8) 133*(1.2)  13.5°(1.3)  13.5°(1.7)

Bout size (g)  2.09° (0.15) 2.59° (0.19) 2.44% (0.15) 2.64° (0.19)

Bout dose 0.20% (0.02) 0.24° (0.02) 0.22% (0.01) 0.24° (0.02)
(g/kg)

Bout energy  0.64" (0.05) 2.31° (0.16) 0.73* (0.03) 0.80% (0.06)
(kcal)

Bout duration 2.9% (0.1) 2.8%(0.2) 3.0% (0.1) 3.1°(0.2)
(min)

* Within rows, values with the same superscript do not differ
significantly.
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differ in the Con group. The Exp group, in contrast, drank
more ethanol than CM [ F(1,21)=16.43, P<.001] and less
CM than the Con group [F(1,33)=4.20, P<.05]. To
determine how the groups’ intakes of CM diverged, separate
analyses of the day by day training intakes were performed.
The CM analysis revealed an interaction of group and day
[F(4,84)=2.55, P<.05]; simple main effects showed that
intake increased over days in the Con group only, and that
the groups did not differ in CM intake on the first 3 days.
The average ethanol doses on oral CM and ethanol days
(Table 2) paralleled the oral intakes, with an interaction of
fluid and group [F(1,21)=8.10, P<.01]. The Con group
self-administered similar ethanol doses on CM and ethanol
days. The Exp group’s ethanol dose was greater on oral
ethanol than on CM days [ F(1,21)=17.94, P<.001] and its
dose on CM days was less than that of the Con group
[F(1,35)=5.93, P<.05]. The groups did not differ on
ethanol days, or in average daily dose across the training
period (Exp: 2.63 g/kg/day and Con: 2.95 g/kg/day).
Energy intakes from oral and infused solutions and from
chow are shown in Table 2. Ethanol energy paralleled the
daily dose measure and maltrin contributions were minimal
except on the Exp group’s ethanol days. Analysis of chow
intake showed differential effects of group and fluid [inter-

60 -

50
91% 56%

*

40 -

30

20

10 -

A 5% ethanol CM

action F(1,21)="7.85, P<.05 and simple main effects], with
the Exp group eating less chow than the Con group on oral
ethanol days and eating less chow on oral ethanol days than
CM days. Total energy intakes also showed an interaction of
group and fluid type [F(1,21)=29.36, P<.001]. Total
energy was very similar on oral ethanol and CM days for
the Con group, but the Exp group’s total energy was greater
on oral ethanol days than CM days [F(1,21)=78.57,
P<.001] and higher that of the Con group on oral ethanol
days [F(1,29)=8.60, P<.01]. However, average group
energy intakes did not differ (the group main effect was
not significant).

Bout patterns were compared for oral CM and oral
ethanol days (Table 2). Main effects of fluid type were
apparent in several measures. The rats drank the ethanol and
CM in similar numbers of bouts, but ethanol bouts were
larger than CM bouts as measured by weight [2.6 vs. 2.3 g,
F(1,21)=11.80, P<.01], dose [0.24 vs. 0.21 g/kg ethanol,
F(1,21)=15.19, P<.001] and energy [1.59 vs. 0.68 kcal,
F(1,21)=143.10, P<.0001]. Bout durations did not differ
significantly and averaged 2—3 min. With the exception of
energy/bout, there were no significant group differences in
the bout patterns. A Group X Fluid interaction for energy
per bout [F(1,21)=118.30, P<.0001 and simple main

_B 5% ethanol [_] Water
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Fig. 2. Mean + S.E.M. daily intakes of ethanol and CM solutions and water by Exp and Con groups during two-bottle preference tests. (A) 5% ethanol vs. CM;
(B) 5% ethanol vs. water; (C) CM vs. water; (D) 10% ethanol vs. water. Intake of 5% ethanol was paired with matched intragastric infusions of CM + 16%
maltodextrin for the Exp group and CM only for the Con group. For both groups, intake of CM and water were paired with matched infusions 5% ethanol and
water, respectively. The numbers atop the bars represent the mean of the individual rats’ percentage of total intake consumed as ethanol (A, B, D) or CM (C).
Asterisks denote a significant within-group difference between intakes of pairs of fluids (P <.001).
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effects] reflected the higher energy content of the Exp
group’s ethanol-paired maltodextrin.

3.4. Initial preference tests

The initial two-bottle preference tests are shown in Fig.
2. In the ethanol vs. CM test (Fig. 2A), the Exp group’s 91%
preference for ethanol over CM was greater than the 56%
ethanol intake of the Con group, #21)=3.68, P<.01. This
was apparent in the analysis of intakes as an interaction of
group and fluid type [F(1,21)=8.67, P<.01]. The Exp
group drank more ethanol than CM [F(1,21)=25.96,
P<.001], whereas the Con group drank similar amounts
of the two fluids. The groups differed in both ethanol
[F(1,30)=6.45, P<.02] and CM intake [F(1,30)=7.52,
P=.01]. All 12 Exp rats preferred ethanol by at least 60%,
compared to 5 of 11 Con rats.

Analyses of each group’s fluid vs. water intakes showed
that the Exp group preferred 5% ethanol to water and water
to CM, whereas the Con group preferred both fluids to water
(Fig. 2B and C). For the Exp group, an interaction of test
and fluid type [ F(1,11=80.92, P<.0001 and simple main
effects] confirmed that they drank more ethanol than water
and less CM than water, and that ethanol intake exceeded
CM intake in these tests. For the Con group, intake of the
5% ethanol and CM did not differ and exceeded that of
water [ F(1,10)=17.44, P<.01]. Eleven of 12 Exp rats and
9 of 11 Con rats preferred 5% ethanol to water; the groups
did not differ in percent ethanol preference (90% vs. 82%).
Percent preference for CM differed in the Exp and Con
groups (24 vs. 66%, #(21)=3.75, P<.01); only 1 Exp rat
preferred CM, compared to 7 of 11 Con rats.

The groups differed in ethanol preference when its
concentration was increased to 10% (Fig. 2D): the Exp
group continued to prefer ethanol to water, whereas the Con
group drank similar amounts of ethanol and water [inter-
action F(1,21)=7.79, P<.02 and simple main effects].
Compared to the Con group, the Exp group drank more
10% ethanol [F(1,26)=6.56, P<.02] and less water
[F(1,26)=7.62, P<.02]. Eleven of 12 Exp rats and 4 of
11 Con rats preferred 10% ethanol. Bout pattern analysis
showed that the changes in intake from 5% to 10% were due
to a reduction in bout numbers [from 15.6 to 10.9 bouts/day,
#(11)=7.06, P<.0001] with only a small and nonsignificant
reduction in sizes (from 2.52 to 2.38 g/bout). The smaller
bouts did not compensate for the higher ethanol concentra-
tion, so that g/kg/bout rose from 0.22 to 0.42, #(11)=14.24,
P<.0001).

Analysis of the self-administered daily ethanol doses
revealed effects of concentration [5% less than 10%,
F(1,21)=9.72, P<.01] and interaction of group and con-
centration [ F(1,21)=8.69, P<.01]. The Exp group’s dose
increased from 3.17 g/kg/day at 5% ethanol to 4.67 g/kg/day
at 10% ethanol [F(1,21)=19.23, P<.01], while the Con
group’s dose remained constant (2.64 vs. 2.68 g/kg/day).
The groups’ doses did not differ significantly in the 5% vs.

water tests, but the Exp dose was greater than the Con dose
at 10% [F(1,27)=8.93, P<.01]. Body weights of the
groups during this period did not differ significantly (Exp:
483.9 g and Con: 494.1 g).

As the 16% maltodextrin was gradually removed from
the Exp group’s ethanol-paired infusion, they maintained
their intake of 10% ethanol; the similar intakes of ethanol
and water by the Con group were sustained through this
period. The Exp group’s ethanol intakes exceeded those of
the Con group [27.6 vs. 15.2 g/day, F(1,21)=6.50, P<.02];
intakes did not change as a function of maltodextrin
concentration. The differential ethanol dose thus was main-
tained, with the Exp group self-administering 4.60 g/kg/day
and the Con group 2.45 g/kg/day at 0% added maltodextrin
[((21)=2.70, P<.02]. Total energy intakes did not differ as
a function of maltodextrin concentration or group during
this period, averaging 95 kcal/day. There were no major
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Fig. 3. Mean+ S.E.M. daily intakes by Exp and Con groups during two-
bottle preference tests as ethanol concentration increased from 10% to 25%.
The numbers atop the bars represent the mean of the individual rats’
percentage of total intakes consumed as ethanol. Asterisks denote a
significant within-group difference between intakes of pairs of fluids
(P<.01). Underlined percentages denote significant difference in prefer-
ence between groups. Plus signs denote greater ethanol intake by the Exp
group than the Con group.
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Fig. 4. Mean + S.E.M. daily ethanol doses (g/kg) of Exp and Con groups as
ethanol concentration increased from 10% to 25%.

shifts in bout sizes or numbers during this period, so that the
Exp group’s energy/bout gradually dropped; it no longer
significantly exceeded that of the Con group by the end of
maltodextrin fading.

3.5. Concentration series

Intakes of the ethanol solutions declined in both groups
as ethanol concentration increased from 10% to 25% (Fig.
3). An interaction of group and concentration [ F(6,126)=
3.40, P<.01] and simple main effects showed that the Exp
group’s ethanol solution intake was greater (P <.01) than
that of the Con group at 10%, 12.5% and 15%, and that
ethanol solution intake fell significantly for both groups
[Exp F(6,126)=17.91, P<.001; Con F(6,126)=2.61,
P<.05]. The Exp group’s preference (percentage of fluid
consumed as ethanol solution) decreased gradually as the
concentration increased, remaining greater than that of the
Con group (P<.05) from 10% to 17.5% ethanol concen-
tration. Within group comparisons revealed that the Exp
group drank more (P <.05) ethanol than water at the 10%
and 12.5% concentrations and intakes did not differ at
higher concentrations. The Con group, in contrast, drank
similar amounts of ethanol and water at the 10% concen-
tration and consumed significantly less (P <.05) ethanol
than water at the 22.5% and 25% concentrations. The
numbers of rats preferring ethanol over water by at least
60% decreased as ethanol concentration increased. Citing
the low, intermediate and high concentrations, 11 of 12 Exp
rats preferred ethanol at 10%, 8 at 17.5% and 3 at 25%. The
comparable numbers for the 11 Con rats were 3, 2 and 1.
Despite reductions in solution intake, the rats’ absolute
intake of ethanol increased with concentration [ F(6,126)=
4.36, P<.001; Fig. 4]. Pairwise comparisons showed that
the dose at 10% differed from those at 20% and higher
concentrations. The average daily ethanol dose of the Exp

group exceeded that of the Con rats [5.3 vs. 3.3 g/kg/day,
F(1,21)=5.61, P<.05]. The interaction of group and con-
centration was not significant.

The bout patterns of the Exp group are shown in Fig. 5A;
the data represent 11 rats, because one rat drank less than 5 g/
day of ethanol at concentrations above 15%. (The patterns for
the ethanol drinkers in the Con group look similar, but
analysis is prevented by the reduced and variable number
of rats that drank sufficient ethanol to reveal meaningful
patterns.) The Exp group’s reductions in solution intake as
concentration increased were accomplished largely by redu-
cing the number of bouts per day [F(6,60)=28.09,
P <.0001]. Although there was an overall effect on bout size
[ F(6,60)=3.05, P<.05], there was no clear trend, with bouts
ranging from 2.58 to 3.45 g. This relative constancy yielded
increasing ethanol doses per bout [Fig. 5B; F(6,60)=17.95,
P<.0001]. Pairwise comparisons showed that both bout
number and dose per bout clustered into three subsets of
concentrations: 10% and 12.5% differed from the middle
three concentrations, which in turn differed from 22.5% to
25% ethanol. Average bout durations remained at 2—3 min.
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Fig. 5. Mean+S.E.M. daily bout patterns (A: number and size; B: g/kg/
bout) of Exp group ethanol intake as ethanol concentration increased from
10% to 25%.
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4. Discussion

This experiment demonstrated in nondeprived rats that
IG carbohydrate infusions conditioned a strong preference
for a 5% ethanol solution over an alternate solution (CM)
paired with IG infusions of 5% ethanol. Control rats, in
which the 5% ethanol and CM had identical postingestive
consequences, drank similar amounts of the two solutions in
training and testing. While both groups preferred 5%
ethanol to water, only the experimental rats preferred 10%
ethanol to water. The experimental rats continued to prefer
10% ethanol as the 16% maltodextrin was faded out of the
infusate, which demonstrates a true shift in preference,
rather than ethanol intake as an instrumental response to
obtain carbohydrate. The experimental rats also showed a
stronger ethanol preference relative to control rats as con-
centration increased to 17.5% and, unlike controls, did not
avoid ethanol at the highest concentration tested (25%).
These findings confirm the prediction that nutritive reward
can have lasting effects on the rat’s response to ethanol.

The significant ethanol preference produced by the IG
infusions of 16% maltodextrin is consistent with prior
findings showing that such infusions condition preferences
for a variety of other flavors, tastes and odors (Sclafani,
1999). In addition to have a direct reward effect, the 16%
maltodextrin infusions may have also affected the post-
ingestive reward value of the orally consumed 5% ethanol.
That is, the presence of 16% maltodextrin in the Exp
group’s training infusions may have altered the disposition
of the ingested ethanol, perhaps by altered gastric emptying.
Thus, the postingestive reward actions of ethanol on ethanol
training days and CM training days may have differed for
the experimental rats. There is little published data that
directly addresses this issue. Several studies have compared
blood ethanol values following ethanol administration with
and without accompanying sucrose, but results are not
consistent: some find large effects of sucrose (Matthews et
al., 2001; Roberts et al., 1999) and others find no effect
(Czachowski et al., 1999; Gauvin, 1999). No studies have
used concentrations of carbohydrate, which would permit
comparisons with 16% maltodextrin and, in any case,
information derived from sucrose would not necessarily
apply to maltodextrin, which as a glucose polymer is
digested and absorbed differently from sucrose, a glu-
cose—fructose disaccharide. The impact of the added mal-
todextrin on ethanol disposition and reward remains an open
question.

The control rats’ lack of preference for ethanol vs. CM is
consistent with preliminary data showing that the two
solutions are matched in flavor palatability. If the control
rats had not been counterinfused with ethanol as they drank
CM, then they might have developed a preference for oral
ethanol over CM because only ethanol flavor would be
paired with ethanol’s postingestive nutritive and pharmaco-
logical effects. Their preference for CM over water may, in
fact, represent a conditioned preference produced by the

ethanol infusions, although this requires verification, i.e.,
CM vs. water preference data are needed for rats infused
with water rather than ethanol throughout training and
testing. However, their increased intake of CM during the
one-bottle training period is consistent with the idea of
enhanced attraction to CM. The significant posttraining
preference the control rats displayed for 5% ethanol over
water may also represent a conditioned response, given that
the rats did not prefer ethanol to water during the pretraining
baseline period. Interpretation of the control rats’ ethanol
preference data is complicated, however, by the fact that in
the posttraining test the rats were infused with CM as they
consumed the 5% ethanol, so the net ethanol concentration
in their stomach was 2.5%. The degree to which preference
is controlled by the flavor vs. the postingestive actions of
ethanol at a concentration range of 2.5-10% ethanol
requires further investigation.

In marked contrast to the control group’s CM preference,
the experimental rats avoided the CM when water was
available. Since CM was paired with IG ethanol for both
groups, their opposite preference response to the CM,
relative to water, can be attributed to the different post-
ingestive effects of the alternate fluid. (An alternate explana-
tion, that the groups differed in their initial acceptance of
CM, is unlikely given the similar CM intakes of the groups
at the beginning of training.) For the experimental animals,
drinking ethanol provided both maltodextrin and ethanol
postingestive sources of reward, but drinking CM provided
only ethanol reward. Prior studies in which CS+ and CS—
flavors were paired with IG carbohydrate and water, respect-
ively, have reported both increases and decreases in CS—
preference, relative to water (Elizalde and Sclafani, 1990;
Pérez et al., 1998). The outcome appears to depend upon the
distinctiveness of the flavor sets used; with more distinct
flavors (citric acid and sucrose octaacetate), the CS—
preference declined, but with the more similar Kool-Aid
flavors, the CS— preference increased, perhaps due to
generalization. The important point here is that the con-
ditioning of a strong flavor CS+ preference does not depend
upon concurrent conditioning of a CS— flavor avoidance
(Myers and Sclafani, 2001a). The conditioned rats’ evalu-
ation of CM may have been reduced because of contrast
with the stronger positive effects of ethanol.

The conditioned rats’ energy intake was greater on oral
ethanol than CM days during training. The infused malto-
dextrin provided about 20 kcal/day and, although the rats
responded with some reduction of chow intake on oral
ethanol days, their total intakes were greater than on CM
days and greater than the intakes of the controls. While the
additional energy may appear to be the source of the reward
that enhanced subsequent ethanol intake, it should be noted
that flavor preference conditioning can occur with lower
concentrations of carbohydrate in the infusion, sometimes
with very minor contributions to total energy intake
(Ackroff and Sclafani, 1994). It is possible, therefore, that
maltodextrin concentrations lower than 16% would also
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condition an ethanol flavor preference; however, note that
the 0.5% maltodextrin in CM is below the threshold
concentration. Our working hypothesis is that nutrient
detection is integrated with flavor information, and that it
is not energy per se that is detected because isocaloric
nutrients differ dramatically in their reward potency (e.g.,
Lucas and Sclafani, 1999; Sclafani et al., 1999).

Unlike the controls, the experimental rats drank more
ethanol than water as the concentration increased from 5%
to 10% and then to 12.5%, and did not avoid the higher
concentrations tested (15—25%). This is consistent with
prior results showing that IG carbohydrate infusions can
condition preferences even for flavors that rats do not
initially prefer (e.g., citric acid, sucrose octaacetate,
unsweetened Kool-Aid flavors) and the preferences persist
after the carbohydrate infusions have stopped (Sclafani,
1999). In the present study, the experimental rats showed
no change in 10% ethanol preference, as the 16% malto-
dextrin was faded out of the IG infusions. The experimental
rats’ graded reduction in ethanol preference as concentration
increased from 10% to 25% presumably represented a
response to both the increasing flavor intensity of the
ethanol and its increasing postingestive effects.

A role for both flavor and postingestive factors in the
declining ethanol preference is suggested by our prior
findings obtained with rats tested with increasing IG rather
than oral ethanol concentrations (Ackroff and Sclafani,
2001). The rats in the earlier study were first trained to
prefer a non-nutritive flavored solution (CS+; grape or
cherry) that was paired with IG infusions of 6% ethanol
infusions; the alternate CS— flavor was paired with 1G
water infusions. They were then given CS+ vs. CS— choice
tests with CS flavor intensity held constant as the IG infused
ethanol was made more concentrated. As concentration
increased from 6% to 12%, 18% and 24%, the magnitude
of the CS+ preference declined from 80% to 76%, 71% and
64%. Although intake of the ethanol-paired flavor declined
across these tests, it remained greater than that of the water-
paired flavor even with the 24% ethanol infusion. This
suggests that untasted ethanol may support continued flavor
preference at higher concentrations than oral ethanol. How-
ever, there was little difference in total ethanol intake at high
concentrations in the oral and IG experiments; self-admin-
istered doses of IG ethanol rose from less than 2 g/kg/day at
6% to 5 g/kg/day at the 24% concentration (Ackroff and
Sclafani, 2001), which is quite similar to the experimental
group’s doses in the present study. Alcohol-preferring P rats
trained with flavors paired with IG ethanol infusion also
showed continued preference for the ethanol-paired flavor
as the concentration of the infusion was raised from 10% to
20%, 30% and 40%, with a linear increase from 3 to 9 g/kg/
day (Waller et al., 1984).

Intake bout patterns recorded in this experiment reflected
total fluid intakes. Although the groups did not differ
significantly during one-bottle training, the controls tended
to drink CM and ethanol in similarly sized bouts, consistent

with a lack of difference in palatability and postingestive
effect. The experimental rats treated the fluids differently,
drinking 25% larger bouts of ethanol than CM despite the
fact that the ethanol +1G 16% maltodextrin had more than
twice the caloric density of the CM + IG ethanol. The
experimental animals appeared relatively resistant to chan-
ging their ethanol bout sizes. When oral ethanol concentra-
tion doubled from 5% to 10% they reduced their volume
intake by reducing their ethanol bouts per day; bout size did
not change. When ethanol concentration then increased
from 10% to 25%, the experimental rats again reduced their
volume intake largely by decreasing bouts per day. A
consequence of the relative constancy in bout size is that
the rats self-administered larger doses per bout at higher
concentrations, and they continued to consume those doses
over a short time period (2—3 min). At the highest ethanol
concentrations (22.5—-25%), the self-administered dose/bout
(1.2 g/kg) was four times the rat’s hourly rate of ethanol
metabolism (Wallgren and Barry, 1970).

The tendency to maintain a constant bout size in spite of
changes in the concentration of the orally consumed ethanol
solution differs from the response to IG ethanol. The rats in
our previous experiment, which drank a CS+ flavor paired
with IG ethanol, responded to increasing ethanol concen-
tration by decreasing bout sizes to a greater extent than bout
numbers (Ackroff and Sclafani, 2001). Nevertheless, the
smaller oral bouts did not prevent an increase in dose per
bout, from 0.25 g/kg at the 6% concentration to 0.81 g/kg at
24%. In that study, the oral fluids were Kool-Aid solutions
with unchanging concentration, so the animals had no oral
feedback to indicate the increasing ethanol concentration. In
contrast, the present rats had a flavor intensity cue to assist
them. Reductions in bout size are usually regarded as
reductions in palatability and/or increases in satiation in
the food intake literature. With ethanol, reductions in bout
size could also serve to avoid toxic effects. Thus, it is
surprising that the experimental rats maintained a fairly
constant bout size (~2.5-3 g/bout) as oral ethanol con-
centration increased from 10% to 25%. In contrast, when
outbred rats drinking ethanol in an operant situation were
shifted from 10% to 20% ethanol, bout sizes decreased by
33% while bout number did not change (Samson et al.,
1992). Alcohol-preferring P rats tested the same way drank
ethanol in constant bout sizes, so that their self-administered
dose doubled when the concentration increases from 10% to
20% (Files et al., 1993). It is not clear why the behavior of
experimental rats in the present study should resemble that
of genetically selected animals more than outbred rats.
Future work should extend the concentration series with
more days at each concentration, to evaluate how bout
patterns may change during prolonged access. Rats’ adjust-
ments to changes in the energy density of food provide an
instructive parallel: the number of bouts per day changed
immediately with the food’s ““concentration,” whereas bout
size and daily energy intake adjustments required several
days (Johnson et al., 1986).
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In one respect, the conditioning procedure used in the
present experiment resembles the sucrose-fading method
used to induce rats to drink plain ethanol (Samson, 1986;
Tolliver et al., 1988). That is, with both techniques the
animals experience the flavor of ethanol in association with
postingestive carbohydrate actions. The present results
demonstrate that this flavor—nutrient association is suf-
ficient to condition a robust ethanol preference. The suc-
rose-fading procedure, unlike the conditioning method used
here, also exposes the rats to the sweet taste of sucrose
which, by stimulating total intake and bout size, increases
the animals’ exposure to the pharmacological and nutritive
effects of ethanol. In addition, the rats have the opportunity
to associate the flavor of ethanol with the sweet taste of
sucrose, which may enhance their evaluation of ethanol
flavor. The sucrose-fading procedure, therefore, might be
expected to be even more effective than IG carbohydrate
infusions in enhancing ethanol appetite. Alternatively, 1G
carbohydrate may be more effective than oral carbohydrate
because with IG infusions the animal experiences only the
ethanol flavor, which may facilitate the association of
ethanol flavor and nutrient reward. Direct comparisons
between oral and IG conditioning procedures are needed
to resolve this issue. Based on the daily ethanol dose
displayed by the experimental rats in the 10% ethanol vs.
water test, the carbohydrate conditioning procedure appears
to be at least as effective as the sucrose fading procedure in
promoting high ethanol intakes (Tolliver et al., 1988).

While the present findings establish that postingestive
nutritive reward can enhance the rat’s preference for the
flavor of ethanol, the nature of this conditioned flavor
preference remains to be determined. One interpretation of
nutrient-conditioned flavor preferences is that they represent
an increase in the hedonic or palatability evaluation of the
CS+ flavor (Mehiel, 1991). However, flavor preferences as
measured in choice tests may be influenced by factors other
then palatability, such as an expectation of some positive
benefit (Capaldi, 1992; Rozin and Zellner, 1985). Berridge
and Robinson (1998) also distinguish between the hedonic
value and the incentive value of motivational stimuli, which
they suggest is related to separate “liking” and “wanting”
processes. Recent studies that used a variety of behavioral
measures, including taste reactivity, indicate that IG car-
bohydrate conditioning does enhance flavor palatability, at
least with saccharin-sweetened flavors that are already
mildly preferred to water (Myers and Sclafani, 2001a,b).
Whether ethanol palatability is also increased by carbohyd-
rate conditioning requires further investigation.

In summary, the rat’s attraction to the taste of ethanol,
like their responses to bitter and sour tastes, is modifiable by
nutrient conditioning. This suggests that procedures used to
induce animals to take ethanol by mixing it with sugar and
then fading out the sugar (e.g., Samson, 1986; Tolliver et al.,
1988) may be effective in part because the sugar’s post-
ingestive effects make the ethanol flavor more acceptable
and rewarding. In the case of the saccharin-fading procedure

used in some studies (e.g., Rassnick et al., 1993), it may be
the nutritive actions of the ethanol itself that contributes to
the increased acceptability of the ethanol taste. By exten-
sion, human ethanol intake may be rewarded at least initially
and partially by the nutritive actions of the carbohydrate and
ethanol in mixed drinks. Of course, the addition of flavors,
including sugars, to alcoholic drinks has the primary effect
of increasing the palatability of the ethanol. This makes it
difficult to specify the relative contributions of taste and
postingestive factors in human learning. This analysis does
not deny pharmacological effects on flavor preferences but
suggests that oral and postingestive nutrient reward may
supplement drug reward, perhaps bridging the period when
drug reward effects are minimal. The contribution of con-
ditioned attraction to ethanol’s flavor, combined with its
pharmacological effects, may represent a good model for the
development of preferences for particular alcoholic bever-
ages.
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