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Do rats prefer water, near beer,
or beer with ethanol?

W. MILES COX
Richard L. Roudebush Veterans Administration Medical Center
Indiana University School of Medicine, Indianapolis, Indiana

and

JOHN E. MERTZ
University of Illinois, Urbana, Illinois

Preference of 11 female albino rats for water or beer containing varying amounts of ethanol
was tested for 12 h daily across five phases, each lasting 15 days. During Phase 1, the animals
had free access to beer containing 3.2% ethanol, beer without ethanol (near beer), and water.
During Phases 2, 3, and 4, they had free access to 3.2% beer and water, 4.5% beer and water,
and 10% beer and water, respectively. During Phase 5, they again had 3.2% beer, near beer, and
water. Between phases, there were 5 days of baseline water consumption. During Phases 1 and
5,3.2% beer was preferred over water, and near beer was overwhelmingly preferred over the
other two fluids. In fact , the volume of near beer consumed during Phases 1 and 5, respectively,
was 5.2 and 3.3 times the volume of water consumed at baseline. During Phase 2, 3.2% beer was
preferred to water, and during Phase 3,4.5% beer was preferred to water. Only when the ethanol
concentration reached 10%, during Phase 4, was water preferred to beer.

Prior studies of rats ' voluntary consumption of alcohol
have found that rats generally prefer alcoholic solutions
containing low concentrations of alcohol over water.
(Meisch, 1977; Myers & Veale, 1972; Wallgren & Barry,
1970). When both water and an alcoholic solution are
available, the proportion of alcoholic solution consumed
to total fluid consumed generally decreases progressively
as the volume of alcohol in the solution rises above 7.5 %
(Wallgren & Barry , 1970).

From these studies, it is not clear if rats reject solu
tions with higher alcohol concentrations because of their
aversive gustatory properties, their aversive pharma
cological effects, or a combination of these factors. Never
theless, we know that the taste qualities of alcoholic bev
erages do affect rats ' readiness to consume them. For
example, Mendelson and Mello (1964) found that although
rats preferred low-concentration ethanol solutions over
water, they preferred water over bourbon whiskey that
contained the same concentration of alcohol as the ethanol
solutions. Moreover, alcoholic solutions are consumed in
greater quantities if they are sweetened with saccharin
(Eriksson, 1969) or sucrose (Cox, 1981; Rodgers &
McCleam, 1964). In addition, when procedures are used
to dull or eliminate rats ' sensitivity to taste or smell, the
rats consume solutions containing greater concentrations
of alcohol than they otherwise consume (Lester , 1966).

The authors thank Ernest D. Kemble for his comments on the
manuscript. J. E. Mertz is associated with the Department of Chem
istry, University of Illinois. Requests for reprints should be sent to
W. M. Cox, PsychologyService (116B), Veterans AdministrationMed
ical Center . 1481 West 10th Street. Indianapolis. IN 46202.

In the present study, we investigated rats ' readiness to
drink "near beer," an alcohol-free beverage that is in
distinguishable from "regular" beer to humans (Cox &
Klinger , 1983). Although near beer may contain traces
of ethanol (legal maximum = .5%), the typical alcoholic
content is at or near zero. Thus, rats' readiness to drink
near beer can be investigated apart from their readiness
to drink ethanol per se. Several previous studies observing
rats' ad-lib consumption of beer with ethanol (Berman &
Cannon, 1974; Burch, Tusi, & Harb , 1973; McDonough,
Gill , & Nielson , 1975; Richter, 1953) have found that
they consume large quantities, often exceeding the volume
of water that they consume . However, in these studies,
the beer always contained substantial amounts of ethanol
(3%, 5% , or 10%).

We first tested rats' relative preference for three fluids:
water, near beer, and near beer with 3.2 %ethanol added.
In successive phases of the experiment, we determined
the animals ' preference for water versus near beer con
taining 3.2% , 4.5%, and 10% ethanol. In the final phase
of the experiment, we again tested preference for water ,
near beer, and near beer with 3.2 % ethanol to see how
preference might have changed as a result of the inter
polated experience with the near beer containing varying
concentrations of ethanol.

MEmOD

Subjects
The subjects were 11 female albino rats purchased from the Holtz

man Company, Madison, Wisconsin. They were 106 days old at the
beginning of testing .
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Apparatus
Throughout the experiment, the animals were housed and tested in

individual home cages to which lOO-mlgraduated drinking tubes could
be attached to the outside of the front walls . Each tube stopper con
tained a steel ball to prevent leakage .

Beverages
The near beer used in this study was Schmidt Select. We decarbonated

the beer by placing it in a large container and shaking it vigorously until
the carbonation had dissipated. For the beer-with-ethanol fluid condi
tions , 95 % ethyl alcohol was added to the decarbonated near beer to
bring the alcoholic content to the desired level. The percentage of ethanol
concentration was based on volume of ethanol per volume of total fluid
(v/v). All fluids (beer and water) were prepared 2 h prior to being ad
ministered to the animals and were refrigerated at approximately 45°F
until the time of administration. Refrigeration was necessary to prevent
coagulation of the starches in the beer. 1

Procedure
The experiment was divided into five phases, each of which lasted

15 days . During each phase , the animals were exposed to the fluids for
12 h daily, from 8:00 a.m. to 8:00 p.m . The tubes were checked period
ically throughout the day, and if it appeared that a tube would be emptied,
the amount that had been consumed from it was recorded , and the tube
was refilled. Again, at the end of each 12-h period, the amount con
sumed from each tube was recorded. Throughout the experiment, the
rats had an ad-lib supply of Purina Lab Chow.

During Phase 1, the animals had freeaccess to three fluids : tap water,
near beer, and near beer with 3 .2% ethanol (comparable to "weak"
beer sold in the United States) . The position of the three fluids (right,
middle, left) was balanced across animals, and fluid position was sys
tematically varied on each test day. During Phases 2, 3, and 4, the animals
had free access to two fluids : tap water and beer with ethanol. During
Phase 2, the beer contained 3.2 % ethanol ; during Phase 3, the near beer
contained 4 .5% ethanol (comparable to "strong" beer sold in the United
States) ; and during Phase 4, it contained 10% ethanol (a concentration
typically rejected by rats that also have water available to drink) . During
each of these three phases , each animal's two tubes were alternated daily
in a repetitive ABBABAAB manner. On any given day , half of the
animals had beer in one position, and the other half had water in that
position. During Phase 5, the same procedure was followed that had
been used during Phase I. Between phases, there was a 5-day interval
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during which the animals had daily 12-h access to tap water from a single
tube .

RESULTS

Mean total daily water and beer consumption during
the five phases of the experiment and the interpolated base
lines are shown in Figure 1.

Here we see an overwhelming preference for near beer
during Phase 1. This preference was quite apparent at the
beginning of Phase 1, but with continued exposure the
rats consumed even greater quantities of near beer. By
contrast, very small quantities of both water and the beer
containing 3.2% ethanol were consumed. The average
volume consumed of the latter two fluids remained con
stant during Phase 1, with more 3.2 % beer than water
being consumed. Analysis of variance confirmed the sta
tistical reliability of these observations. The effects of
beverage [F(2,20) = 63.64, p < .001] and days
[F(14,140) = 4.35, P < .001] and the beverage X days
interaction [F(28,280) = 4.34, P < .001] were highly
significant. The two follow-up comparisons involving near
beer yielded F values similar to those from the overall
analysis, and the comparison of water and 3.2 % beer in
dicated a significant effect for beverage [F(l, 10) = 10.48,
P < .01]. Comparison of fluid consumption dur
ing Phase 1 with baseline water consumption following
Phase 1 indicates that the rats drank far more fluid during
Phase 1, when near beer was available, than they drank
water during baseline. In fact, total fluid consumption was
5.6 times greater during Phase 1 than during baseline. All
comparisons of Phase 1 and baseline fluid consumption
were highly significant.

Inspection of the fluid consumption during Phase 2,
when only water and 3.2% beer were available, indicates
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Figure 1. Mean total fluid consumption during five phases and five baselines. Each 15
day phase is collapsed into three 5-day blocks.



that the rats showed a marked preference for the 3.2 %
beer. This preference was strong at the beginning of the
phase and persisted throughout. Analysis of variance in
dicated significant effects of beverage [F(l, 10) = 51.17,
P < .()()l] and days [F(14, 140) = 2.93, P < .001], but
no beverage x days interaction [F(14,140) = 1.57 ,
P > .09]. Comparison of the results from Phases 1 and
2 indicates large and statistically significant increases in
consumption of both water and 3.2% beer from Phase 1
to Phase 2. Nevertheless , the amount of 3.2 % beer con
sumed during Phase 2 remained significantly below the
amount of near beer consumed during Phase 1. Compar
ison of the fluid consumption during Phase 2 with base
line water consumption just prior to Phase 2 indicates
that significantly more 3.2% beer was consumed during
Phase 2 than water during baseline but that significantly
less water was consumed during Phase 2 than during
baseline .

Inspection of the data from Phase 3, when water and
4.5% beer were consumed, indicates a developing prefer
ence for the 4.5% beer during Phase 3. Initially, the
animals drank equal amounts of the two fluids, but their
consumption of 4.5 % beer progressively increased until
a marked preference for it was apparent at the conclu
sion of Phase 3. Analysis of variance confirmed that the
effects of beverage [F(1,10) = 10.91, p < .008] and days
[F(l4,140) = 5.19, P < .001] and the beverage x days
interaction [F(l4,140) = 2.84, P < .001] were highly
significant . Comparison of water and beer consumption
in Phases 2 and 3 indicates a significant decrease in the
amount of beer consumed from Phase 2 to Phase 3 and
a significant increase in the amount of water consumed .
Furthermore, water consumption during Phase 3 was sig
nificantly less than water consumption during the prephase
baseline , and the amount of 4.5 % beer consumed during
Phase 3 was comparable to the amount of water consumed
during the prephase baseline.

Fluid consumption during Phase 4, when the rats drank
water and 10% beer, indicates a consistent preference of
water throughout this phase . Analysis of variance indi
cated a significant effect for beverage [F(l, 10) = 23.19 ,
P < .001], but no effect for days [F(14,140) = 1.12 ,
P > .34] and no beverage x days interaction (F < 1.0).
There was a significant decrease in the volume of 4.5 %
beer consumed during Phase 3 to the volume of 10% beer
consumed during Phase 4 and a significant increase in the
volume of water consumed from Phase 3 to Phase 4. In
addition, water and beer consumption during Phase 4
were each significantly less than water consumption dur
ing the prephase baseline.

Fluid consumption during Phase 5 indicates a pattern
similar to that observed during Phase I. That is, the rats
showed a marked preference for near beer , a preference
that was apparent at the beginning of Phase 5 but became
even more pronounced during the course of Phase 5.
Small amounts of both water and 3.2 % beer were con-
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sumed during Phase 5, but more 3.2 % beer than water
was consumed. Analysis of variance indicated that the ef
fects of beverage [F(2 ,20) = 58.65, P < .001] and days
[F(14,140) = 11.90, P < .001] and their interaction
[F(28,280) = 8.63, P < .001] were highly significant.
Follow-up comparisons involving near beer yielded F
values similar to those from the overall analysis, and com
parison of 3.2 % beer and water consumption indicated
that significantly more 3.2 % beer than water was con
sumed [F(l,1O) =5.59, p < .04]. No reliable differences
in beverage consumption were found between Phase 1 and
Phase 5.

Finally, it is interesting to note that as the concentra
tion of ethanol in the beer was progressively increased
across successive phases, the animals did not adjust their
intake of the alcoholic fluids in such a manner that they
consumed constant amounts of alcohol across phases . In
stead, the average daily volume of absolute alcohol con
sumed progressively decreased from 1.27 rnl (3.2%) to
1.18 rnl (4.5%) to .87 rnl (10%) as the concentration of
ethanol increased.

DISCUSSION

When the three fluids-water, near beer, and beer with ethanol
were available, the animals almost totally rejected water and beer with
ethanol in preference for near beer . In addition, when near beer was
available , the rats dramatically increased their total fluid consumption
over what it was when only water was available to drink. We saw, in
fact, that the volume of near beer consumed was several times the volume
of water consumed at baseline .

Although the rats' consumption of near beer was reduced substan
tially when ethanol was added, the preference for beer over water re
mained clear-cut when the beer contained 3.2 %or 4.5 %ethanol. Only
when the concentration of ethanol reached 10% did the rats reject beer
in preference for water . This finding is consistent with previous studies
showing that ethanol preference by rats disappears when concentrations
approximate 10%.

The rats ' overwhelming preference for near beer in this experiment
apparently was due to its gustatory properties . Since the rats had an ad
lib supply of food throughout the experiment, it is unlikely that they
consumed near beer for its nutritional value. However, their enormous
intake of beer was drastically reduced when even 3.2 % ethanol was
added , and intake of beer diminished progressively as the concentra
tion of ethanol was increased still further. The taste and/or pharma
cological effects of the ethanol itself apparently were aversive , and the
aversion was strong enough to counteract the extreme preference for
near beer .

The fact that the rats consumed near beer in such enormous quanti
ties suggests that near beer would be an extremely potent reinforcer.
Near beer, in fact, would seem to be ideal to use as a high-quality liquid
reinforcer in future studies.
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NOTE

I. Prior to the beginning of the experiment proper, we took baseline
measurements and identified some difficulties in administering beer to
animals. First , for 4 days, the animals had ad-lib access to plain tap
water from a single drinking tube for 24 h daily . On the following
13 days, the animals were exposed to tubes containing water, carbon
ated near beer, and carbonated beer with 3.2% ethanol for 24 h daily .
The tubes were alternated in the manner described below for Phases I
and 5 of the experiment proper . During this time, we found that the
carbon dioxide in the beer pressurized the drinking tubes, causing con
siderable leakage and hence inaccurate measurements of the amount of
beer consumed . Accordingly, in the experiment proper, we decarbon 
ated the beer in the manner described above. We also found that animals
consume such large quantities of near beer that they often completely
consume the contents of 1000mI drinking tubes before 24 h have elapsed.
Therefore, since in the present experiment we were primarily interested
in animals' preferences for various fluids instead of total fluid consump
tion in 24 h, we used 12-h exposure intervals.

(Manuscript received for publication August 6, 1984.)
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