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Abstract

Ethanol’s taste attributes undoubtedly contribute to the development of drug preference. Ethanol’s taste is both sweet and bitter.
Taster status for bitter 6-n-propylthiouracil (PROP) has been proposed as a genetic marker for alcoholism; however, human results
are conflicting. We collected preference scores for both tastants in 4 mouse strains selected on the basis of previously reported
taste preference, with the generally accepted idea that inbred mice showminimal within-strain variation. Eighty-eight male mice
(22 per strain) participated. The strains were as follows: C57BL/6J, ethanol preferring; BALB/cJ, ethanol avoiding; SWR/J, PROP
avoiding; and C3HeB/FeJ, PROP neutral. Using a brief-access (1-min trials) 2-bottle preference test, we assessed the taste re-
sponse of each strain to PROP and ethanol on separate days. Although PROP avoiding versus neutral mice could be segregated
into significantly different populations, this was not the case for ethanol avoiding versus preferring mice, and all strains showed
high variability. On average, only BALB/cJ, SWR/J, and C3HeB/FeJ mice conformed to their literature-reported preferences; none-
theless, therewere a substantial number of discordant animals. C57BL/6J did not conform to previous results, indicating that they
are ethanol preferring. Finally, we did not observe a significant relationship between PROP and ethanol preferences across strains.
The high variability per strain and the number of animals in disagreement with their respective literature-reported preference
raise concerns regarding their utility for investigations underlying mechanisms of taste-mediated ingestive responses. Absent
postingestive consequences, the brief-access results suggest a possible degree of previously masked polymorphisms in taste
preferences or a more recent drift in underlying genetic factors. The absence of a relationship between PROP and ethanol indi-
cates that the bitter quality in ethanol may be more highly related to other bitter compounds that are mediated by different
genetic influences.
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Introduction

Alcoholism is a disorder that affects millions of people
worldwide. In the United States, the lifetime risk for devel-

oping alcohol dependence is approximately 15% in the gen-

eral population (American Psychiatric Association 2000). It

is estimated that 40–60% of the risk for the development of

alcoholism can be attributed to genetics (American Psychi-

atric Association 2000). Of the polygenic factors, variations

in the genetically determined chemosensory attributes of

ethanol’s taste undoubtedly play a role in the development
of ethanol preference and potentially, subsequent intake

(e.g., Lanier et al. 2005).

The taste qualities associated with ethanol are both sweet

and bitter (Wilson et al. 1973; Scinska et al. 2000; Mattes and

DiMeglio 2001; Lemon et al. 2004; Blednov et al. 2007;
Blizard 2007). With particular regard to this latter compo-

nent quality, evaluation of taste sensitivity to 6-n-propylth-

iouracil (PROP, Barnicot et al. 1951; Bartoshuk et al. 1994)

has shown that individuals vary widely in their ability to per-

ceive bitterness and that this variability is genetically deter-

mined. Indeed, bitter sensitivity lies along a wide continuum

that ranges from the inability to perceive PROP (i.e., tastes

like water) to what is termed a ‘‘super taster’’ (i.e., intense
bitter perception, Duffy et al. 2004). Because of these genet-

ically determined differences in bitter taste, recent research

has attempted to evaluate whether such variations can serve

as a genetic marker for a variety of food preferences
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(Drenowski and Rock 1995; Kaminski et al. 2000), most

notably ethanol. The studies investigating the relationship

between PROP taster status and ethanol preference, in

humans, however, have produced conflicting results (Pelchat

and Danowski 1992; Kranzler et al. 1996, 1998; DiCarlo and
Powers 1998; Duffy et al. 2004; Lanier et al. 2005). Some

studies support the relationship between taster status and

ethanol intake, indicating that nontasters perceive the taste

of ethanol to have fewer negative and more pleasant taste

sensations (Duffy et al. 2004) and that taster status may serve

as a genetic marker for alcoholism (DiCarlo and Powers

1998). By contrast, other studies demonstrate that there is

no strong evidence for a connection between taster status
and ethanol preference (Kranzler et al. 1996, 1998). One pos-

sible explanation for these contradictory findings is, perhaps,

the myriad of social and psychological factors (e.g., Clo-

ninger 1987; Brook et al. 1988; Smith 1994; Pitkänen

et al. 2005; Schuckit and Smith 2006) that often confound

human investigations into specific contributing factors of

ethanol preference. Alternatively, the genetics underlying

the perception of other bitter compounds (Hansen et al.
2006) may play a more prominent role.

An animal-based approach offers the possibility of a high

level of experimental and genetic control for evaluating the

relationship between bitter perception and ethanol prefer-

ence. Prior investigations have independently identified dif-

ferences among inbred mouse strains for PROP sensitivity

(e.g., Nelson et al. 2003) and ethanol preference (e.g.,

Belknap et al. 1993). However, the testing procedures used
to establish particular taste preferences have not been equiv-

alent across all tastants and studies. More specifically, the

research has typically used variations of the more traditional

‘‘extended-access’’ 2-bottle preference testing paradigm

(Belknap et al. 1993; Harder and Whitney 1998) to determine

specific strain preferences for a particular tastant. This test-

ing procedure, although easily applied, allows an animal ac-

cess to the tastant of interest for extended time periods (e.g.,
hours or even days). As such, in these studies it is difficult to

separate preferences in consumption due to taste percep-

tions, from those resulting from potential nontaste postin-

gestive consequences of a substance (which can, over time,

influence apparent taste preference results; Davis et al.

1975; Spector 2003; Glendinning, Bloom, et al. 2005). Ac-

cordingly, it is possible that previously published reports (us-

ing the extended-access 2-bottle preference test) of ethanol
preferring or avoiding inbred mouse strains (e.g., Belknap

et al. 1993) may not accurately reflect the taste preferences

of these strains. Rather, they may reflect preferences ac-

quired as a result of a differential responsiveness to the post-

absorptive properties of the drug or its interaction with taste

perception. Recent findings of high variability in individual

animal ethanol preference scores within the C57BL/6J strain

may support this possible concern and suggest that this
strain may not be as strongly ethanol preferring as previously

reported (Little et al. 1999; O’Callaghan et al. 2002). In sim-

ilar fashion, nontaste-related postabsorptive consequences

are also a concern in prior evaluations of PROP sensitivity.

The effects of stimulus toxicity found in many bitter com-

pounds may directly affect the results of extended-access

2-bottle tests. In addition, because PROP is a commonly
used treatment for hyperthyroidism (Waseem et al. 1998),

exposure to this chemical over extended periods could poten-

tially induce hypothyroidism in test subjects, thereby influ-

encing preference results.

In order to study the potential relationship between bitter

(i.e., PROP) and ethanol preference, we obviated the forego-

ing concerns by uniformly applying brief-access 2-bottle test-

ing methodology (Smith et al. 2001; Boughter et al. 2002;
Glendinning, Chyou, et al. 2005) to an evaluation of both

tastants in 4 genetically different strains of mice. Each strain

was selected based on its literature-reported taste preference

(i.e., C57BL/6J, ethanol preferring; BALB/cJ, ethanol avoid-

ing; C3HeB/FeJ, PROP neutral; and SWR/J, PROP avoid-

ing), using the extended-access 2-bottle procedure (e.g.,

Belknap et al. 1993; Nelson et al. 2003). In so doing, the goals

of the present research were 2-fold: 1) to determine whether
taste preferences within each mouse strain for a particular

tastant are consistent with the previously reported literature

when tested with a procedure that effectively eliminates

nontaste postingestive effects and 2) to determine whether,

and to what extent, there was a predictive relationship

between a particular animal’s bitter (i.e., PROP) and ethanol

preferences.

Method

Subjects

A total of 88-male mice from 4 different strains (22 per

strain) participated in the study. All mice were 6–10 weeks

old and were purchased from Jackson Laboratories (Bar

Harbor, ME). Each strain was chosen for either its ethanol

preference or PROP sensitivity based upon previous reports

in the literature (C57BL/6J, ethanol preferring and BALB/cJ,

ethanol avoiding [Belknap et al. 1993]; SWR/J, PROP avoid-

ing; and C3HeB/FeJ, PROP neutral [Nelson et al. 2003]).
Testing occurred in 11 cohorts of mice, with each cohort

consisting of 2 mice from each of the 4 strains (8 mice per

cohort). During experimentation, mice were housed individ-

ually in standard ventilated micro-isolator cages in a temper-

ature and humidity controlled vivarium. The animals were

kept on a 12-h light–dark cycle, and all testing took place

during the light portion of the cycle.

Testing apparatus

Taste preferences were determined using a computer-moni-

tored 2-bottle preference apparatus, similar to the one used
by Glendinning, Chyou, et al. (2005). This device consisted

of a standard shoebox mouse cage (28.5 · 17.5 · 12.5 cm)

that had been painted black. Two vertical slits (3 · 28 mm)
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were cut side-by-side, approximately 3.25 cm apart into one of

the 17.5 · 12.5 cm walls of the cage. Two stainless steel sipper

tubes that were monitored with contact lickometers were

placed 2 mm outside the vertical slits (one sipper tube each).

A grounded 8 · 12–cm stainless steel plate was positioned
inside the cage and adjoined to the wall containing the sipper

tubes. Contact between the sipper tubes and the stainless

steel floor was detected by separate touch-sensitive circuits.

Tastants

Three tastants were used in this study. The first, Polycose
(Abbott Laboratories, Columbus, OH), is an easily digest-

ible glucose polymer that mice generally find preferable to

water (Glendinning et al. 2002). A 0.16-M aqueous solution

served as a training stimulus. The experimental testing stim-

uli consisted of a 0.003-M PROP solution (Aldrich Chemical

Company, Milwaukee, WI) and a 5% (v/v) ethanol solution

(Pharmco, Brookfield, CT). These concentrations were cho-

sen because they represented moderate levels of the stimuli
that have been previously shown to indicate significant strain

differences in the respective mice (Belknap et al. 1993;

Nelson et al. 2003).

Brief-access training procedure

Prior to testing, mice were trained over a 3-day period to ac-

cess fluid and sample from both sipper tubes in the testing

apparatus (Glendinning, Chyou, et al. 2005). In order to ac-
cess fluid, the mice were trained to stand on the stainless steel

plate and protrude their tongue through one of the 2 slits, in

order to make contact with the tip of a sipper tube. In doing

so, completion of the touch circuit resulted in the delivery of

approximately 0.005 cc of fluid (either tastant or water).

During training sessions, mice were given a choice between

2 sipper tubes, one containing tap water whereas the other

contained a Polycose solution (Glendinning, Chyou, et al.
2005). The position of the sipper tube containing the tastant

was counterbalanced across both training trials and sessions.

Each training session consisted of a 5-min habituation pe-

riod followed by 2 trials that were separated by a 5-min in-

terval. Beginning with the first lick to either sipper tube (i.e.,

trial initiation), the number of licks to each tube was

recorded separately for each of the 2 trials per session.

The duration of each pair of trials during the training ses-
sions progressively decreased on days 1, 2, and 3 to 5, 2,

and 1 min in length, respectively. The timing for the final

day of training was identical to the parameters required

for testing (5-min habituation period, two 1-min trials,

and a 5-min intertrial interval).

In order to provide sufficient motivation for the behavioral

task, the mice were water deprived for 22.5 h prior to each

training session. Because the mice received an insignificant
amount of their daily fluid needs during the training sessions,

each animal was provided with 1-h ad libitum food and water

access immediately following training sessions 1 and 2.

Following training session 3, a 24-h period of ad libitum food

and water access was provided.

Brief-access testing procedure

Each mouse participated in 2 testing sessions, one for each of

the 2 tastants, PROP and ethanol. Following the posttrain-

ing 24-h ad libitum access period, the mice were placed

on a restricted access protocol and then tested. That is,
a 23.5-h food and water restriction period preceded the first

testing session (either PROP or ethanol) with each mouse

having access to a total of 2 ml of tap water and 1 g of food

pellets. After the first testing session, animals were again

given a 24-h period of ad libitum access to food and water

which, in turn, was again followed by a second period of lim-

ited access prior to the second testing session. This approach

of interposing a limited access period with ad libitum access
was utilized in order to minimize the potential contribution

of caloric demand on subsequent preference testing without

disturbing the previously learned sampling behavior.

Each testing session incorporated a 5-min habituation pe-

riod that was followed by two 1-min brief-access trials with

a 5-min intertrial interval. Trial initiation and data collection

were identical to the training period. Consequently, mice had

two 1-min trials with access to sipper tubes containing water
and tastant that was balanced for tastant location. Only one

tastant was evaluated on any particular testing day. The or-

der of tastant testing (i.e., PROP and ethanol) and sipper

tube location (tastant vs. tap water) were randomized and

balanced across testing sessions, trials, within and across

mouse strain, within a cohort, and across cohorts.

Preference measure

Each animal’s ‘‘measure of preference’’ (MP) both for eth-
anol and for PROP, compared with water, was calculated by

first subtracting the number of licks to water (across the two

1-min trials) from the number of licks to the specific tastant

evaluated (across trials; i.e., tastant � water) and then divid-

ing that value by the total number of licks emitted during the

testing session (tastant + water). As a result, MP is a measure

that ranges from �1 to +1, with the values standardized to

indicate a preference for the tastant when positive, of a pref-
erence for water when negative, and of no preference when

the value is 0.

Results

As outlined above, a total of 88 mice from 4 different strains

participated in the study. Further, each of these strains was

selected on the basis of literature reports of their particular

tastant consumption preference, with the generally accepted

idea that mice from inbred strains show minimal within-
strain variation (Taft et al. 2006). Consequently, SWR/J

(PROP avoiding) and BALB/cJ (ethanol avoiding) were

predicted to prefer water (i.e., a negative MP value) for
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the reason that they should avoid their respective tastant.

By contrast, C57BL/6J (ethanol preferring) and C3HeB/FeJ

(PROP neutral) strains were predicted to either prefer the

tastant to that of water (i.e., a positive MP value for the

C57BL/6J) or, at the very least, have a neutral preference
(i.e., MP �0 for the C3HeB/FeJ). As illustrated in Figure 1A,

the MP values for the 2 strains of mice obtained for their

PROP perception (namely, C3HeB/FeJ and SWR/J) could

be segregated into distinctly different populations [t(42) =

2.79, P = 0.008]. By contrast, this was not the case for the

mice obtained for their ethanol preferences (i.e., C57BL/6J

and BALB/cJ; Figure 1C) [t(42) = 1.43, P = 0.16], despite

some tendency toward segregation around neutral MP val-
ues. In considering these results, it is noteworthy that the dis-

tributions of MP values relative to the tastant for which the

strains were not selected (based on the literature) were un-

ambiguously overlapping (Figure 1B,D). More specifically,

Figure 1B illustrates the complete overlap of the MP distri-

bution values to PROP for the strains selected for their

ethanol preferences, whereas Figure 1D shows a similar pic-

ture of the MP distribution values to ethanol for strains se-

lected for their PROP preferences.

With further regard to the individual mouse strains specif-

ically chosen for a particular tastant, Figure 1A,C also high-
lights the high variability among these animals; so much so

there was a substantial amount of overlap of individual MP

values even between the significantly different mouse strains

selected for their PROP preference (Figure 1A). To be sure,

the data suggest that although the 2 strains of mice (as

a group) selected for their PROP preference could be dis-

criminated, observing an individual animal’s tastant prefer-

ence would not necessarily be prognostic of its strain.

Concordance with literature-reported preference

Although the upper panels in Figure 1 (A and C) illustrate

the differences in preferences between the respective strains

chosen for a particular tastant, they do not provide a formal

Figure 1 A and C: Distributions of PROP (A) and ethanol (C)MP values for the tastant-selected mouse strains. B and D: Distributions of PROP (B) and ethanol
(D) MP values for the tastant for which the mouse strain was not selected on the basis of previous testing literature. The vertical lines represent the point of
neutral preference. The data in the parentheses of each strain legend represent the meanMP value and standard error of the mean for each strain, respectively.
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evaluation of the extent to which each strain’s mean MP

value was in agreement with the prior literature. That is, re-

gardless of whether 2 strains selected for opposing preferen-

ces for a tastant differed or not, it is possible that either one

or both strains were not behaving according to prior litera-
ture reports. To evaluate this possibility, the MP values for

the tastant for which each strain was selected were submitted

to a t-test against a value of 0. In this respect, a significant

t-test would indicate a nonneutral inclination for the tastant,

and the direction of the t-value would indicate whether the

strain avoided or preferred the tastant, thereby allowing an

evaluation of literature concordance. The strains chosen to

avoid their respective tastants behaved in a way that was de-
monstrably in keeping with the literature: SWR/J: t(21) =

�2.25, nominal P = 0.03 (mean ± standard deviation

[SD]: 0.265 ± 0.554); BALB/cJ: t(21) = �2.06, nominal

P = 0.05 (mean ± SD: 0.208 ± 0.477). Note that the t-values

were not only significantly different from 0 but also negative,

which is the predicted direction for tastant-avoiding animals.

In contrast to the tastant-avoiding strains, the mean MP val-

ues for the tastant-preferring (or at least neutral) animals
were not different from 0: C3HeB/FeJ: t(21) = 1.67, P =

0.11 (mean ± SD: 0.122 ± 0.344); C57BL/6J: t(21) = 0.13,

P = 0.90 (mean ± SD: 0.016 ± 0.555). In this regard, the

C3HeB/FeJ animals, indeed, behaved in agreement with

their literature-reported preference. That is, because these

animals do not detect PROP, they should neither prefer

nor avoid the tastant (Nelson et al. 2003). By contrast, the

C57BL/6J mice showed no evidence of a preference behavior
to ethanol that was consistent with reports in the literature.

Relationship between PROP and ethanol preferences

Using the brief-access testing protocol, the foregoing results

indicated that, although highly variable in their preference

scores, 3 of the 4 mouse strains produced tastant-specific
MP values that were, on average, in keeping with the prior

literature reports. Because each animal provided a preference

measure for both PROP and ethanol, we used these data to

examine whether there was evidence of an overall predictive

relationship between the degree of preference for PROP

and that for ethanol. To accomplish this, we calculated a

Pearson’s correlation coefficient using the individual animal

MP values for both ethanol and PROP. The results of this
analysis provided no evidence of a relationship between the

preference values for the 2 tastants in the anticipated direc-

tion (r = 0.011, with a standard error of 0.11).

In examining a potential relationship between PROP and

ethanol preference, using all 4 mouse strains and all prefer-

ence values, it is possible that a potential relationship within

an individual strain might have been obscured. To evaluate

this, we performed a chi-square test of homogeneity using the
z transforms of the individual strain data. This analysis pro-

vided no evidence of heterogeneity across strains [v2(3) =

0.94, P > 0.5; Steel and Torrie 1980].

Discussion

In the present study, we used a brief-access 2-bottle taste

preference paradigm (i.e., two 1-min trials; Glendinning,

Chyou, et al. 2005) to measure the unconditioned lick re-

sponse of 4 inbred mouse strains (BALB/cJ, C57BL/6J,

SWR/J, and C3HeB/FeJ) to both ethanol versus water

and PROP versus water. In doing so, this approach permit-

ted us the ability to assess taste quality preferences (relative

to water), while minimizing the potential influence of post-

ingestive feedback or the effect of experience. Because each

strain was initially chosen for a previously literature-evalu-

ated tastant (either ethanol or PROP) and preference (either

preferring, avoiding or neutral), as determined by long-term

2-bottle preference testing, the first goal of this study was to

assess the prior literature results with the current brief-access

paradigm. As highlighted qualitatively in Figure 1 and con-

firmed quantitatively, comparison of the strains indicated by

the literature to avoid PROP (SWR/J) versus those indicated

to be neutral (C3HeB/FeJ) demonstrated significant differ-

ences between their mean preferences values (MP). However,

a difference was not observed between the strains noted to

avoid ethanol (BALB/cJ) versus those noted to prefer the

drug (C57BL/6J). Consequently, the brief-access paradigm

only confirmed that the SWR/J and C3HeB/FeJ strains,

on average, have differential preferences with respect to their

literature-noted tastant. Nonetheless, the MP distributions

for these 2 strains were in keeping with the more, general ob-

servation of wide variability within each of the 4 strains eval-

uated (Figure 1).
The above not withstanding, we also examined whether the

observed tastant-specific preferences for which each strain

was selected was consistent with prior literature reports.

In this regard, only the BALB/cJ, SWR/J, and C3HeB/FeJ

strains, on average, conformed to their literature-predicted

results. In other words, BALB/cJ avoided ethanol, SWR/J

avoided PROP, and C3HeB/FeJ preferred PROP equally as

well as water. However, even for these strains there were a

substantial number of animals with discordant preferences

(see Figure 1). By contrast, the C57BL/6J strain did not con-

form to the prediction that it is an ethanol-preferring strain.

Certainly, roughly 50% of the animals in Figure 1C reside on

either side of the neutral preference point (i.e., 0). Thus, the

absence of an expected difference between the C57BL/6J and

BALB/cJ strains resulted from a deviation by the C57BL/6J

animals from an expected ethanol preference. Taken to-

gether, therefore, our results lend further support to the

proposition that the C57BL/6J strain is either not as strongly

ethanol preferring (Little et al. 1999) as previously indicated

(York 1981; Belknap et al. 1993; Meliska et al. 1995;

McMillen and Williams 1998; Middaugh et al. 1999) or

rather that orosensory factors do not contribute to their pref-

erence for ethanol in long-term 2-bottle preference tests.

The general high variability and number of animals in dis-

agreement with their respective literature prediction (across
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the 4 strains) raises concerns regarding the utility of these

animals for investigations of underlying mechanisms related

to taste-mediated ingestive responses and suggests that other

postingestive consequences may motivate ethanol intake in

C57BL/6J mice (Rhodes et al. 2007).
In view of the above, it is worth considering possible fac-

tors that might account for the source of variance we ob-

served within a mouse strain, the rather modest average

preference scores, and the observation that the C57BL/6J

strain did not conform to the earlier literature result. In this

regard, our findings may be a function of the brief-access

manner in which the animals were tested, intrinsic genetic

change over time, or some interaction of the 2. In other
words, we propose that, absent the potential for postinges-

tive consequences, our approach more appropriately reflects

the chemosensory (taste/odor) mediated quality preferences

of these mouse strains than does the long-term access pro-

cedure. As such, the brief-access testing may have uncovered

a substantial degree of polymorphisms or a more recent drift

in the genetic factors underlying the response to the specific

tastants for which each strain was chosen. This latter issue
should not be underestimated. As recently noted by Taft

et al. (2006), in spite of the best breeding efforts, inbred

mouse strains can accumulate mutations over time that

lead to increasing variation within a strain and phenotypic

modification.

The second aim of the present study was to explore whether

and to what degree there was a predictive relationship be-

tween preferences for PROP and ethanol. We hypothesized
that a strong avoidance to PROP would be associated with

low ethanol intake, whereas a neutral or positive preference

would predict a relatively higher ethanol intake. Our results

did not demonstrate a relationship between the 2 taste pref-

erences. Thus, the more water a mouse chose to drink rather

than PROP (presumably because they could detect its bitter

taste) seemed to be unrelated to the amount of water they

also tended to consume rather than ethanol.
One important factor that may have contributed to the lack

of observed relationship is that the sensitivity to PROP is not

the sole determining factor related to the bitterness of etha-

nol. Recent evidence from human twin studies indicated that

the perception of bitterness might not be due to a single ge-

netic factor (Hansen et al. 2006). More importantly, the ge-

netic influences on the perception of PROP are mediated

differently from that of other types of bitter compounds such
as sucrose octa-acetate, caffeine and quinine, which appear

to have a substantial amount of phenotypic covariation

(Brasser et al. 2005; Hansen et al. 2006). If this, indeed, is

the case for both mice as well as humans, then the present

findings would indicate that the bitter quality in ethanol

may be more highly related to the second of perhaps, at least,

2 sets of genetic influences. Such a proposition would be in

keeping with the wide diversity of findings concerning the
relationship between PROP and ethanol in studies using

human subjects (Pelchat and Danowski 1992; Kranzler

et al. 1996, 1998; DiCarlo and Powers 1998; Duffy et al.

2004), as well as the present results.

There is, of course, a caveat to the foregoing. Although

there are similarities between rodent and human perceptions

of the taste quality of bitter, there are also differences
(Harder et al. 1996; Harder and Whitney 1998; Shi et al.

2003). Moreover, there are species-specific differences in the

repertoire of bitter taste receptors (Shi et al. 2003). Nonethe-

less, the present data contribute to the literature in several

ways. 1) The lack of a relationship between PROP and eth-

anol indicates that the bitter quality in ethanol may be more

highly related to other bitter compounds that are mediated

by different genetic influences. 2) The high variability per
strain and the number of animals in disagreement with their

reported long-term 2-bottle taste preference raise a note of

caution regarding their utility for studying specific taste-

mediated ingestive responses. 3) Our results confirm and ex-

tend upon recent findings that the C57BL/6J are not a strongly

ethanol-preferring strain (Little et al. 1999; O’Callaghan et al.

2002). 4) Finally, in considering the question of the underlying

basis for particular tastant preferences, our results speak to
the importance of utilizing procedures that can distinguish be-

tween orosensory-mediated behaviors and those driven by

postingestive consequences.
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