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Abstract

To examine whether age influences taste solution preferences, we measured taste preferences of C57BL/6J and 129X1/SvJ mice
given a series of 48-h 2-bottle tests with a choice between water and one of the following taste solutions: 2 mM saccharin, 5 mM
citric acid, 30 lM quinine hydrochloride, 75 mM sodium chloride (NaCl), 10 mM inosine monophosphate (IMP), 50 mM calcium
chloride (CaCl2), and 10% ethanol.We tested separate groups of male mice fed Teklad 8604 chow at ages 4, 6, 9, 12, 15, 20, 25,
30, 40, and 50 weeks and retested some of these mice at 54, 75, and 100 weeks and again at 125 weeks. Female mice fed chow
were tested at ages 4, 12, 25, and 50 weeks and retested at 54, 75, 100, and 125 weeks. Male mice fed AIN-93G semisynthetic
diet were tested at ages 4, 12, 25, and 50 weeks and retested at 54, 75, and 100 weeks. Concentration-response functions for
each taste solution were collected frommale and female mice fed chow aged 8 or 125weeks. In general, the results showed that
age had little effect on taste preferences. Exceptions included 1) a small increase in quinine hydrochloride preference between 54
and 125 weeks in mice of both strains and sexes, 2) a marked increase in NaCl preference between 4 and 12 weeks in female B6
mice, 3) a gradual decrease in IMP preference between 4 and 125 weeks in male and female 129 mice, 4) a marked decrease in
CaCl2 preference between 54 and 125 weeks in male and female 129 mice, and 5) a marked reduction in ethanol preference
between 4 and 12weeks in male B6mice fed AIN-93G diet but not chow. These results show that over a wide range andwith the
exceptions noted, age contributes little to the variation in taste preferences observed in C57BL/6J and 129X1/SvJ mice.
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Introduction

Rodents have often been used to study the development of

taste perception, but there has been comparatively little in-

terest in taste-related behavior at older ages. For the pur-

poses of this article on laboratory mice, we consider

‘‘older ages’’ to include adolescence (;4 weeks old), puberty

(;6 weeks old), early adulthood (6–50 weeks), and old age

(50–150+ weeks). Anatomical, electrophysiological, and be-
havioral evidence suggests that throughout this period, the

rodent taste system changes little except perhaps during ex-

treme old age (Bloomquist and Candland 1965; Mistretta

1984, 1989; Mistretta and Baum 1984; Mistretta and Oakley

1986; Thaw 1996; Osada et al. 2003). However, even if taste

transduction mechanisms do not change, there are several

reasons to expect age-related changes in taste preferences.

First, some ‘‘taste’’ solutions have trigeminal and olfactory
components (Rhinehart-Doty et al. 1994; Capaldi et al.

2004), and sensitivity to these declines with age (Mistretta

1984; Nakayasu et al. 2000; Laska 2001; Frasnelli and

Hummel 2003; Wysocki et al. 2003). Second, there may be

neurochemical changes with age that affect the perceived

value of rewards (e.g., Shram et al. 2006), which could influ-

ence the hedonic value of taste solutions. Third, increases

in circulating steroid hormones associated with puberty

could influence taste preferences (e.g., Wade and Zucker

1969; Krecek 1973; Chow et al. 1992; Bushong and Mann

1994). Fourth, taste preferences reflect postingestive status
(e.g., Richter 1942–1943), and there are pronounced changes

in the postingestive milieu with age (e.g., Thompson et al.

1988; Morita et al. 1994; Smriga et al. 2000). Unfortunately,

the literature on taste preferences during aging is incomplete

and often contradictory. The few data that are available can-

not easily be synthesized into a coherent picture because they

involve different rodent strains and species tested at different

ages with different taste compounds (see Discussion).
The present study was part of a project that is designed to

evaluate some of the methodological factors that influence

the results of the 2-bottle taste preference test (Tordoff

and Bachmanov 2001b). The overall goal is to improve
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the sensitivity of the test for use in gene discovery experi-

ments, which involve accurately phenotyping many thou-

sands of mice (e.g., Belknap 1998; Schimenti and Bucan

1998; Tordoff and Bachmanov 2001b). The major focus

of the study presented here was to determine whether there
was an optimal age range for testing mice in 2-bottle choice

tests. We also investigated whether taste solution preferences

were influenced by sex, diet, and extreme old age.

Materials and methods

Subjects and maintenance

The experiment involved 288 C57BL/6J (B6) and 288 129X1/
SvJ (129) mice. The mice were purchased at the age of 21

days from The Jackson Laboratory (Bar Harbor, ME). They

were shipped by truck to the Monell Center where they were

housed in a vivarium maintained at 23 �C with a 12:12 h

light/dark cycle (lights off at 7 PM).

Each mouse was housed alone in a plastic ‘‘tub’’ cage with

a stainless steel wire lid and wood shavings scattered on the

floor. The lid included space for pelleted food and a water
bottle (see Tordoff and Bachmanov 2001b for details). All

the mice had deionized water to drink and pellets of either

Teklad 8604 chow or AIN-93G diet to eat. Teklad 8604 is

a cereal-based ‘‘chow’’ diet produced by Harlan (Madison,

WI). It contains roughly 245 g protein, 466 g carbohydrate,

44 g fat, and 37 g fiber per kilogram and has an energy con-

tent of ;3.1 kcal/g. AIN-93G is a semisynthetic diet with

rigorously controlled ingredients (see Reeves et al. 1993).
It contains 200 g protein (casein), 629 g carbohydrate (corn-

starch and sucrose), 70 g fat (soybean oil), and 50 g fiber (cel-

lulose) per kilogram and has an energy content of;3.8 kcal/g.

It was produced and pelleted by Dyets Inc. (Bethlehem, PA;

catalog no. 110700).

The mice were transferred to clean cages with fresh bedding

once every week while waiting to be tested and once every 6

or 8 days during tests (so as not to disturb them during a
2-day test).

Design

Part 1

Shipping of the mice was arranged so that they all could be
tested simultaneously in 2 identical replications offset by

1 day. All mice were fed the appropriate diet from the time

they arrived at our institution (at age 23 days) until they were

tested. Testing began when the mice were nominally the fol-

lowing ages: 4, 6, 9, 12, 15, 20, 25, 30, 40, or 50 weeks old.

However, due to supply problems, some mice were not their

nominal age; the 50-week old females were actually only 49

weeks 5 days old, some of the 25-week old group were actu-
ally only 24 weeks old, and the 4-week-old mice were actually

3 weeks 5 days old. The 4-week-old mice arrived 5 days be-

fore tests began.

Each of the 10 age cohorts consisted of 16 male mice of

each strain fed Teklad 8604 chow. The cohorts at 4, 12,

25, and 50 weeks also included groups of 16 female mice

of each strain fed Teklad 8604 chow and 16 male mice of each

strain fed AIN-93G diet.

Part 2

After the tests in Part 1, all the mice in the 4-, 25-, and 50-

week-old groups were maintained undisturbed for 50 weeks.

When these mice (i.e., groups of both the males and females

fed chow and males fed AIN-93G diet) were nominally 54,

75, and 100 weeks old, they were retested using the same

procedures as in Part 1.

Part 3

This part involved a comparison of groups fed Teklad 8604
that were nominally 125 weeks old and 8 weeks old. The 125

week olds were formed from the 75- and 100-week-old

groups tested in Part 2. The 100-week-old groups fed Teklad

8604 chow were maintained undisturbed until 125 weeks

old, and the 75-week-old groups fed Teklad 8604 chow

were maintained undisturbed until 120 weeks old. The latter

groups were tested 5 weeks earlier than the former because of

the high death rate of the former during subsequent tests
(after age 125 weeks). AIN-93G-fed mice were not tested

because few of them survived to 120 weeks (see Mortality,

below). Each of the nominal 125-week groups was accompa-

nied by experimentally naive ‘‘young’’ controls, consisting of

8-week-old mice that were shipped from the vendor 10–14

days before tests began and maintained under the same con-

ditions as the 125-week-old mice. All these mice were tested

using the same procedures as in Part 1.

Part 4

This part involved a more detailed characterization of the

mice tested in Part 3. The mice continued to be fed Teklad

8604 chow while they received several series of various con-

centrations of 6 taste solutions, with the old group beginning

at age ;127 weeks and ending at ;135 weeks and the young

group beginning at age ;10 weeks and ending at ;18 weeks.

Test procedures

Body weight and food intake

Body weights of all mice were recorded at the beginning and

end of the 16-day taste preference test series (see below).

Mice in Parts 1 and 2 of the experiment also had their food

intakes measured: After the end of the 16-day series, they re-

ceived a single bottle of deionized water for 3 days. Then, the

entire lid of the cage, including food but excluding the water

bottle, was weighed, and 4 days later, it was reweighed (ac-
curacy ± 0.1 g). Any spilled food found in bedding material

was also weighed and accounted for. Daily food intakes were

calculated by dividing the spillage-adjusted intakes by 4.
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Food intakes were converted to energy intakes (kcal) by mul-

tiplying Teklad 8604 chow weights by 3.1 and AIN-93G

weights by 3.8.

Two-bottle test series

The following test procedure was used in Parts 1–3 of the

experiment. The mice received a series of eight 2-bottle
choice tests. Each test was 2 days long, so the entire test series

lasted 16 days. The first test was a choice between 2 bottles of

deionized water. Subsequent tests were a choice between

deionized water and 2 mM sodium saccharin, 5 mM citric

acid, 30 lM quinine hydrochloride (QHCl), 75 mM NaCl,

10 mM inosine monophosphate (IMP), 50 mM CaCl2,

and 10% ethanol (v/v). The tests were always conducted

in the order listed. The first 5 compounds were chosen to rep-
resent the 5 primary taste qualities (sweet, sour, bitter, salty,

and umami). Calcium and ethanol were included because these

are of particular interest to our group. The concentrations

of each solution were chosen based on previous work (e.g.,

Bachmanov, Schlager, et al. 1998; Bachmanov, Tordoff, and

Beauchamp 2001; Tordoff and Bachmanov 2001b, 2002a;

Tordoff et al. 2002; Tordoff, Bachmanov, and Reed in press;

Tordoff, Reed, and Bachmanov in press). All compounds were
purchased from Sigma Chemical Corp. (St Louis, MO) except

for the ethanol, which was purchased from Pharmco (Brook-

field, CT). The solute for all compounds was deionized water.

Solutions were made freshly before each test, but a few hun-

dred milliliters were saved in plastic bottles to refill drinking

tubes if needed.

During tests, each mouse was presented with 2 drinking

tubes, according to Materials and Methods described in de-
tail elsewhere (Tordoff and Bachmanov 2001b). Initially, the

taste solution was placed on the left (from the mouse’s view-

point), but its position was switched after 24 h of each 48-h

test to control for the left spout side preference of the 129

strain (Tordoff and Bachmanov 2001a; Bachmanov et al.

2002).

Concentration-response series

In Part 4 of the experiment, mice were given several consec-
utive series of 2-bottle tests. They received 3 concentrations

of each of the 7 compounds used in the initial 2-bottle test

series. The tests involved 1, 3.16, and 10 mM saccharin; 3.16,

10, and 31.6 mM citric acid; 0.01, 0.1, and 1.0 mM QHCl; 75,

150, and 300 mM NaCl; 1, 10, and 100 mM IMP; 3%, 10%,

and 32% ethanol; and 7.5, 25, and 75 mM CaCl2. They were

given in the order listed, with each concentration series pre-

ceded by a choice between 2 bottles of deionized water. Thus,
the entire test series took 56 days. Other methods were sim-

ilar to those used in the initial 2-bottle test series.

Data analyses and presentation

To reduce confusion, all groups are referred to by their nom-

inal age when testing began. Daily intakes of taste solution

and water for each test were calculated by dividing intakes

obtained during each 2-day test by 2. Total fluid intakes were

considered to be the sum of daily taste solution and daily

water intakes. Taste solution preference scores were calcu-

lated according to the formula, preference = daily taste so-
lution intake/daily total fluid intake · 100.

We treated data involving body weight, food intake, water

intake, and preferences for each of the 7 taste solutions sep-

arately. The responses of the 20 groups of male mice fed

Teklad 8604 chow in Part 1 were compared using 2-way anal-

yses of variance (ANOVAs) with Strain and Age as between-

subjects factors. The responses of male and female mice

aged 4, 12, 25, and 50 weeks were compared using 3-way
ANOVAs with Strain, Sex and Age as between-subjects fac-

tors, and the responses of male mice aged 4, 12, 25 and 50

weeks and fed Teklad 8604 chow or AIN-93G diet were com-

pared using 3-way ANOVAs with Strain, Diet and Age as

between-subjects factors. The same factors were used to an-

alyze the results of Parts 2 and 3 but with different ages as

levels in the Age factor. The analysis of results from Part 4

involved an additional factor of Solution Concentration.
In addition to the omnibus analyses, we conducted planned

comparisons based on 1-way ANOVAs for each strain and

condition (male fed chow, female fed chow, male fed AIN-

93G) to identify changes in taste solution preferences related

to age. Tukey’s post hoc tests were used to isolate the source

of interactions in the omnibus ANOVAs and to determine

homogenous groups. Because of the large number of analy-

ses conducted, the criterion for statistical significance of all
tests was set at P < 0.01.

Results

For brevity, here we present the results related to mortality,

body weight, food intake, total water intake, and taste solu-

tion preferences. Analyses of taste solution intakes, water

intakes during tests with taste solutions available, and total

fluid intakes during tests with taste solutions available are

available on line (Tordoff and Bachmanov 2001b).

Mortality

Several mice died during the course of this study. We did not

conduct a formal statistical analysis of mortality rates be-

cause of the complexity involved with different numbers
of mice given each treatment that were retired at different

times. However, survival functions (Figure 1) show that

1) mice fed Teklad 8604 chow generally outlived those fed

AIN-93G diet, 2) male mice fed Teklad 8604 chow generally

lived slightly longer than did female mice fed Teklad 8604

chow, and 3) overall, B6 and 129 mice died at about the same

age. The age at which half the mice in each group died was

as follows: B6-male-chow= 123 weeks, 129-male-chow= 125
weeks, B6-female-chow = 116 weeks, 129-female-chow =

105 weeks, B6-male-AIN-93G = 104 weeks, and 129-male-

AIN-93G = 99 weeks.
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For all analyses except those involving concentration-

response functions, mice that died during a test series were

discounted from the entire series. Fifteen of the 44 125-week-

old mice died during the 56-day concentration-response se-

ries of tests in Part 4. These animals were discounted from
the series they did not complete but not earlier series with

other taste compounds. In no case when a mouse died during

tests did we observe unusually low intakes (that might indi-

cate illness) on the day before.

Part 1: mice aged 4, 6, 9, 12, 15, 20, 25, 30, 40, and 50 weeks

Male 4- to 50-week-old mice fed Teklad 8604 chow

As expected, the 2 strains gained weight progressively with

age (Table 1). At most ages, the B6 strain weighed slightly

more than did the 129 strain, but this was significant only

at 40 weeks (Tables 1 and 2). Food intakes were fairly con-

stant. They did not change with age, except that the oldest
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Figure 1 Survival functions for male C57BL/6J (B6) and 129X1/SvJ (129)
mice fed either Teklad 8604 chow or AIN-93G diet. Each of the 4 groups
began with 32 mice. Females (data not shown) fed chow survived about
as long as did the males fed chow.

Table 1 Part 1—number of mice in each age group, body weights, food intakes, and water intakes

Condition and age
(weeks)

Group
size

Body weight (g) Food intake (kcal/d) Water intake (ml/day)

B6 129 C57BL/6J 129X1/SvJ C57BL/6J 129X1/SvJ C57BL/6J 129X1/SvJ

Males fed Teklad 8604

4 16 16 13.3 ± 0.3a 10.9 ± 0.5a 11.0 ± 0.2a 12.1 ± 0.2a 6.0 ± 0.2d 5.1 ± 0.2a

6 16 16 21.3 ± 0.4b 21.1 ± 0.4b 11.3 ± 0.3a,b 11.9 ± 0.2a 5.3 ± 0.1a–d 5.2 ± 0.1a

9 16 16 24.9 ± 0.2c 23.8 ± 0.8b,c 11.8 ± 0.3a–c 12.1 ± 0.3a 5.2 ± 0.2a–d 4.3 ± 0.2a

12 16 16 27.7 ± 0.4c 26.8 ± 0.7c,d 11.9 ± 0.2a–c 12.9 ± 0.3a,b 4.6 ± 0.2a–c 4.8 ± 0.2a

15 16 16 28.0 ± 0.5c,d 27.2 ± 0.4c,d 11.7 ± 0.3a–c 12.4 ± 0.2a 4.7 ± 0.1a–c 4.4 ± 0.1a

20 16 15 30.6 ± 0.7c,d 28.4 ± 0.8d,e 11.4 ± 0.2a 12.1 ± 0.3a 4.6 ± 0.2a–c 4.4 ± 0.3a

25 16 16 30.7 ± 1.0d 28.2 ± 0.5d,e 11.5 ± 0.3a,b 12.3 ± 0.3a 4.4 ± 0.2a,b 4.4 ± 0.2a

30 16 16 32.2 ± 0.4d 30.9 ± 0.7e,f 11.0 ± 0.4a 12.1 ± 0.3a 5.7 ± 0.2c,d 4.7 ± 0.4a

40 16 15 37.4 ± 0.7e 32.4 ± 1.0f,* 12.9 ± 0.3c 12.8 ± 0.3a,b 4.7 ± 0.2a–c 4.0 ± 0.3a

50 16 16 36.2 ± 0.9e 33.9 ± 0.8f 12.9 ± 0.3b,c 13.9 ± 0.4b 4.7 ± 0.2a–c 3.9 ± 0.2a

Females fed Teklad 8604

4 16 16 11.5 ± 0.2a 10.0 ± 0.4a 9.8 ± 0.2a 10.4 ± 0.3a 5.2 ± 0.1a 4.5 ± 0.2a

12 16 16 21.8 ± 0.2b,y 21.4 ± 0.5b,y 11.8 ± 0.3b 10.8 ± 0.3a,b 5.3 ± 0.3a 4.6 ± 0.3a

25 16 16 24.7 ± 0.3c,y 21.6 ± 0.3b,y 10.9 ± 0.4a,b 9.8 ± 0.3a,b 6.2 ± 0.3a,*,** 3.7 ± 0.2a

50 16 16 26.4 ± 0.5d,y 24.1 ± 0.5c,y 11.7 ± 0.4b 11.5 ± 0.4b 5.9 ± 0.3a,*,** 4.4 ± 0.3a

Males fed AIN-93G

4 16 15 13.8 ± 0.4a 10.1 ± 0.5a,* 11.2 ± 0.1a 11.9 ± 0.2a 3.9 ± 0.1a 3.2 ± 0.2a,*,**

12 16 14 27.4 ± 0.4b 28.7 ± 0.5b 16.0 ± 0.4c 15.7 ± 0.2a 3.4 ± 0.3a 3.2 ± 0.3a,y

25 16 14 38.0 ± 0.7c,y 33.3 ± 1.5b,c,*,** 13.2 ± 0.3b 11.9 ± 0.4a 4.0 ± 0.3a 4.2 ± 0.7a

50 16 14 46.5 ± 0.7d,y 35.7 ± 1.2c,* 13.6 ± 0.4b 11.9 ± 0.4a 3.9 ± 0.3a 3.7 ± 0.6a

Letter superscripts show homogenous groups of mice according to strain and dependent variable. For each of the 3 sections of each column, groups with the
same letter do not differ significantly from each other, according to post hoc Tukey’s tests (P < 0.01).
*P < 0.01, comparison between strains at the same age; yP < 0.01, comparison with males fed Teklad 8604 chow of the same strain and age.
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(50 weeks) mice ate more than some of the younger groups.

Water intakes did not change with age, except that the youn-

gest (4 weeks old) B6 mice drank significantly more than

some of the older groups of this strain. Over all 20 groups

combined, the 129 strain ate significantly more chow and

drank significantly less water than did the B6 strain (Tables

1 and 2).

There were Strain · Age interactions influencing NaCl and
ethanol preference and main effects of Age influencing citric

acid, QHCl, and IMP preference (Table 2). Relative to some

of the older groups, B6 mice aged 4 weeks had significantly

lower preferences for citric acid and higher preferences for

IMP, and 129 mice aged 4 weeks had significantly lower

preferences for ethanol and higher preferences for IMP

(Table 3). Once mice were 6 weeks old, there were no pro-

gressive changes with age in preference for any taste solution.
Relative to 129 mice, B6 mice had significantly higher pref-

erences for saccharin, NaCl, IMP, and ethanol and signifi-

cantly lower preferences for CaCl2. The 2 strains did not

differ in preferences for citric acid or QHCl.

Male and female mice aged 4, 12, 25, or 50 weeks fed

Teklad 8604 chow

The body weights of male and female mice of both strains did

not differ significantly at 4 weeks but males weighed signif-

icantly more than did females at older ages (Tables 1 and 4).
Food intake of both strains was influenced by age, with 12-

and 50-week-old mice eating significantly more than 4- or

25-week-old mice. Over all ages combined, there was no

Table 2 Results of Part 1 ANOVAs comparing male B6 and 129 mice fed
chow at 10 different ages

Measure Strain
(1,293)

Age
(9,293)

Strain · Age
(9,293)

Body weight 18.4* 230.4* 9.95*

Food intake 34.0* 10.4* 1.07

Water intake 31.9* 8.84* 2.37

Preferences

Saccharin 1009.9* 1.71 2.06

Citric acid 0.05 2.73* 2.27

QHCl 4.90 5.16* 1.43

NaCl 23.9* 1.50 3.27*

IMP 169.0* 4.59* 1.15

CaCl2 201.0* 1.19 1.27

Ethanol 469.7* 1.84 3.54*

Values in parentheses are degrees of freedom. Levels: strain = B6 or 129;
age = 4, 6, 9, 12, 15, 20, 25, 30, 40, or 50 weeks.
*P < 0.01.

Table 3 Part 1—differences in solution preferences among various groups of mice

Preference Strain Age (weeks)

Males fed Teklad chow Females fed chow Males fed AIN-93G

4 6 9 12 15 20 25 30 40 50 4 12 25 50 4 12 25 50

Saccharin B6 a a a a a a a a a a a a a a a a a a

129 a a a a a a a a a a a a a a a a a a

Citric acid B6 a ab b b ab b ab b ab b a a a a a ab a b

129 a a a a a a a a a a a a a a a a a a

QHCl B6 ab ab ab ab a b ab ab b ab a a a a a a a a

129 a a a a a a a a a a a a a a a a a a

NaCl B6 ab b ab ab a ab ab ab ab ab a b b b a a a a

129 a a a a a a a a a a a a a a a a a a

IMP B6 b ab ab ab b ab ab ab ab a a a a a a a a a

129 b ab ab ab ab ab ab ab a a b ab ab a c bc ab a

CaCl2 B6 ab b ab ab ab ab ab a ab ab a a a a a a a a

129 a a a a a a a a a a a a a a a a a a

Ethanol B6 ab ab ab ab ab b ab ab ab a a a a a b a a a

129 a ab ab ab ab ab ab ab ab b a a a a a a a a

Letters show homogenous groups of mice according to strain and dependent variable. For each row and for each of the 3 conditions, groups with the same
letter do not differ significantly from each other according to post hoc Tukey’s tests (P < 0.01). The groups are arranged from low (a) to high (b or c) mean
values.
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difference between B6 and 129 females in food intake. How-

ever, B6 males ate significantly more than 129 males, and for
both strains, males ate more than did females.

B6 females aged 25 and 50 weeks drank significantly more

water than did the corresponding groups of B6 males or 129

females. The high water intakes of these 2 groups were respon-

sible for Strain ·Age · Sex, Strain · Sex, and Age · Sex inter-

actions (Tables 1 and 4). There were no differences in water

intake between B6 females and males at younger ages or be-

tween 129 females and males at any age. Over all groups com-
bined, B6 mice drank more water than did 129 mice.

Age-related sex differences influenced preferences for NaCl

but not other taste solutions. Female 129 mice aged 4 weeks

had significantly lower NaCl preferences than did older

females or males of any age, whereas female B6 mice aged

4 weeks did not differ from other B6 groups (Figure 1, Table

4). Sex had a strain (but not age)-dependent effect on citric

acid preferences: Female 129 mice had higher citric acid pref-
erences than did female B6 mice or male 129 mice (Figure 1).

Other significant effects were similar to those observed in the

males-only analyses, with the exception that the analyses of

both sexes combined revealed that B6 mice had higher citric

acid preferences than did 129 mice and the strains did not

differ in NaCl preferences (Table 4). Sex did not influence

preferences for saccharin, QHCl, IMP, CaCl2, or ethanol.

Male mice aged 4, 12, 25, or 50 weeks fed Teklad 8604

chow or AIN-93G diet

Relative to mice fed Teklad 8604 chow, mice of both strains

fed AIN-93G diet gained more weight, ate more food, and

drank less water. Feeding AIN-93G diet increased body

weight of B6 mice more than 129 mice (Tables 1 and 5), with

significant differences from the equivalent chow-fed groups

present at 25 weeks (both strains) and 50 weeks (B6 only).
The 4-week-old 129 mice fed AIN-93G diet had significantly

lower water intakes than did the 4-week-old B6 mice fed

AIN-93G diet.

The effects of diet on preferences can be summarized

as follows: 1) Citric acid preferences of 129 mice fed

AIN-93G were significantly lower than those of 129 mice

fed Teklad chow or B6 mice fed AIN-93G diet. 2) Citric acid

preferences of both strains combined were significantly
higher at 50 weeks than at 4 and 25 weeks in mice fed

AIN-93G diet but not in mice fed Teklad 8604 chow (Figure

1, Table 5). 3) NaCl preferences of B6 mice fed AIN-93G diet

were significantly higher than those of B6 mice fed Teklad

chow, whereas NaCl preferences of 129 mice fed Teklad

chow were significantly higher than those fed AIN-93G diet.

4) IMP preferences were significantly higher in mice fed chow

than mice fed AIN-93G, irrespective of strain. (5) Ethanol
preferences of B6 mice fed AIN-93G diet were significantly

lower than those of B6 mice fed Teklad chow, whereas eth-

anol preferences of 129 mice fed the 2 diets did not differ.

Ethanol preferences of B6 mice fed AIN-93G diet declined

between age 4 and 12 weeks and remained low relative to

equivalent groups fed chow aged 25 and 50 weeks. Diet

had no effect on preferences for saccharin, QHCl, or CaCl2.

Part 2: mice aged 54, 75, and 100 weeks

Male and female mice aged 54, 75, or 100 weeks fed

Teklad 8604 chow

Body weights, food intakes, and water intakes of male mice

of both strains and female 129 mice were stable at 54, 75, and

Table 4 Results of Part 1 ANOVAs comparing male and female B6 and 129 mice fed chow at 4 different ages

Measure Strain
(1,233)

Age
(3,233)

Sex
(1,233)

Strain ·
Age
(3,233)

Strain ·
Sex
(1,233)

Age ·
Sex
(3,233)

Strain ·
Age ·
Sex (3,233)

Body weight 46.2* 876.2* 431.4* 2.45 0.07 37.9* 0.44

Food intake 3.35 25.2* 98.7* 2.55 22.4* 0.87 1.12

Water intake 60.3* 4.37* 3.67 3.79 17.9* 8.64* 6.58*

Preference

Saccharin 673.0* 2.68 4.42 0.42 1.46 0.23 1.69

Citric acid 12.8* 8.17* 0.11 3.63 7.20* 0.83 0.77

QHCl 4.67 6.62* 4.04 0.78 0.06 2.20 0.03

NaCl 0.43 5.20* 0.34 9.87* 3.41 3.56* 2.83*

IMP 88.3* 16.5* 2.04 2.79 0.26 0.28 0.33

CaCl2 159.7* 1.15 4.86 1.26 0.78 1.27 0.45

Ethanol 270.6* 2.23 0.18 7.32* 0.00 0.91 2.24

Values in parentheses are degrees of freedom. Levels: Strain = B6 or 129; Sex = male or female; Age = 4, 12, 25, and 50 weeks.
*P < 0.01.
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100 weeks (Tables 6 and 7). Female B6 mice weighed signif-

icantly more at 75 weeks than at 54 weeks. They also ate

more food and drank more water at 100 weeks than at 54

weeks (Tables 6 and 7).

Preferences for saccharin, QHCl, NaCl, IMP, CaCl2, and
ethanol displayed the same strain differences as those ob-

served in Part 1 (Tables 7 and 8). None of the solution pref-

erences were influenced by Sex (or its interactions), and the

only age-related effects on preferences involved QHCl and

CaCl2. For QHCl, this was because the preferences of all

groups combined were higher at 100 weeks than at 54 or

75 weeks. For CaCl2, this was because the preferences of
129 mice were lower at 100 weeks than at 54 or 75 weeks;

there were no differences in CaCl2 preferences of B6 mice.

Table 6 Part 2—number of mice in each age group, body weights, food intakes, and water intakes

Condition and age
(weeks)

Group size Body weight (g) Food intake (kcal/d) Water intake (ml/day)

B6 129 C57BL/6J 129X1/SvJ C57BL/6J 129X1/SvJ C57BL/6J 129X1/SvJ

Males fed Teklad 8604

54 15 15 35.2 ± 0.7a 31.5 ± 1.0a 10.1 ± 0.2a 9.7 ± 0.4a 5.3 ± 0.2a 4.4 ± 0.1a

75 12 15 37.4 ± 1.9a 28.6 ± 0.8a 10.0 ± 0.7a 9.9 ± 0.4a 5.2 ± 0.2a 4.5 ± 0.2a

100 15 12 36.8 ± 1.4a 30.5 ± 0.7a 9.9 ± 0.2a 11.7 ± 0.6a 4.6 ± 0.3a 4.2 ± 0.3a

Females fed Teklad 8604

54 14 15 27.3 ± 0.6a 24.1 ± 0.6a 8.8 ± 0.4a 7.4 ± 0.4a 4.9 ± 0.2a 3.9 ± 0.3a

75 12 13 33.9 ± 1.2b 22.3 ± 0.5a 11.8 ± 0.5a,b 7.4 ± 0.5a 5.9 ± 0.2a,b 3.6 ± 0.3a

100 14 9 32.4 ± 1.1b 24.9 ± 1.2a 11.9 ± 1.0b 9.0 ± 0.8a 6.4 ± 0.3b 4.7 ± 0.4a

Males fed AIN-93G

54 16 15 48.4 ± 0.9a 36.5 ± 2.0a 12.4 ± 0.6a 11.2 ± 0.5a 4.5 ± 0.2a 4.6 ± 0.4a

75 14 13 52.0 ± 0.8a 35.0 ± 2.1a 15.2 ± 0.7b 10.0 ± 0.5a 4.8 ± 0.4a 5.2 ± 0.4a

100 9 8 51.8 ± 2.6a 29.3 ± 1.7a 13.3 ± 0.8a,b 8.7 ± 0.8a 4.4 ± 0.5a 5.3 ± 1.6a

Letter superscripts show homogenous groups of mice according to strain and dependent variable. For each of the 3 conditions in each column, groups with
the same letter do not differ significantly from each other, according to post hoc Tukey’s tests (P < 0.01).

Table 5 Results of Part 1 ANOVAs comparing male B6 and 129 mice fed Teklad 8604 chow or AIN-93G diet at 4 different ages

Measure Strain
(1,229)

Age
(3,229)

Diet
(1,229)

Strain ·
Age
(3,229)

Strain ·
Diet
(1,229)

Age ·
Diet
(3,229)

Strain ·
Age ·
Diet (3,229)

Body weight 75.2* 923.0* 77.8* 13.2* 11.7* 21.5* 10.0*

Food intake 1.75 2.28 6.83* 2.33 0.24 2.73 1.96

Water intake 4.71 2.71 52.4* 2.31 0.29 7.32* 0.70

Preference

Saccharin 418.6* 3.87 3.74 2.87 4.56 0.75 3.28

Citric acid 5.23 13.7* 0.53 4.46* 10.4* 3.93* 1.05

QHCl 0.01 7.32* 2.04 1.22 6.32 0.96 0.36

NaCl 48.3* 0.75 0.32 3.15 21.9* 0.59 0.58

IMP 63.6* 26.3* 15.6* 6.98* 1.38 3.56 2.53

CaCl2 110.1* 0.85 3.47 0.29 5.96 0.43 0.42

Ethanol 163.8* 1.92 15.0* 12.9* 17.7* 1.58 2.96

Values in parentheses are degrees of freedom. Levels: Strain = B6 or 129; Diet = Teklad chow or AIN-93G diet; Age = 4, 12, 25, and 50 weeks.
*P < 0.01.
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Male B6 and 129 mice aged 54, 75, or 100 weeks old and

fed Teklad 8604 chow or AIN-93G diet

Like the males fed Teklad 8604, the males fed AIN-93G diet

had stable body weights, food intakes, and water intakes at
54, 75, and 100 weeks old, with the exception that the 75-

week old B6 mice ate more than the 54-week-old B6 mice

(Tables 6 and 8). B6 mice fed the AIN-93G diet ate signif-

icantly more energy and were significantly heavier than B6

mice fed chow or 129 mice fed either diet. B6 mice fed Teklad

8604 chow drank significantly more water than B6 mice fed

AIN-93G or 129 mice fed either diet.

There were only 3 effects of age on preferences. First, sim-

ilar to the comparison of males and females, QHCl pref-

erences of all groups (irrespective of strain and diet) were

significantly higher at 75 and 100 weeks than at 54 weeks.

Second, NaCl preferences of 100-week-old mice (of both

strains) fed AIN-93G diet were significantly lower than those

of mice of the same age fed chow or mice aged 75 weeks fed

Table 8 Results of Part 2 ANOVAs comparing male B6 and 129 mice at 54, 75, and 100 weeks old fed Teklad 8604 chow or AIN-93G diet

Measure Strain
(1,148)

Age
(2,148)

Diet
(1,148)

Strain ·
Age
(2,148)

Strain ·
Diet
(1,148)

Age ·
Diet
(2,148)

Strain ·
Age ·
Diet (2,148)

Body weight 192.2* 0.55 109.6* 6.11* 41.4* 1.34 2.22

Food intake 23.2* 0.58 5.33 3.49 40.5* 5.25* 8.13*

Water intake 0.23 2.35 0.02 0.52 13.8* 4.50 0.68

Preference

Saccharin 352.3* 4.15 6.85* 1.42 1.98 1.37 1.76

Citric acid 2.03 1.53 4.44 0.73 4.93 0.15 0.06

QHCl 8.40* 6.67* 5.56 0.53 0.72 0.20 0.33

NaCl 106.9* 3.99 1.37 1.73 8.77* 5.91* 2.88

IMP 129.7* 3.01 15.5* 0.23 0.16 0.02 0.25

CaCl2 53.0* 4.47 1.59 6.44* 2.99 0.47 0.90

Ethanol 185.2* 1.61 13.3* 0.48 14.7* 0.79 0.78

Values in parentheses are degrees of freedom. Levels: Strain = B6 or 129; Diet = Teklad chow or AIN-93G diet; Age = 54, 75, and 100 weeks.
*P < 0.01.

Table 7 Results of Part 2 ANOVAs comparing male and female B6 and 129 mice fed chow at 54, 75, and 100 weeks old

Measure Strain
(1,149)

Age
(2,149)

Sex
(1,149)

Strain ·
Age
(2,149)

Strain ·
Sex
(1,149)

Age ·
Sex
(2,149)

Strain ·
Age ·
Sex (2,149)

Body weight 126.0* 2.44 90.3* 10.9* 0.98 2.27 0.61

Food intake 17.6* 10.3* 8.07* 3.16 31.2* 3.06 4.28

Water intake 54.4* 1.51 2.01 1.31 12.0* 9.35* 2.53

Preference

Saccharin 469.3* 0.65 6.13 1.99 0.49 0.37 0.43

Citric acid 0.28 0.04 0.92 3.06 1.93 2.29 0.44

QHCl 7.35* 7.22* 1.44 0.20 0.41 0.08 0.40

NaCl 29.4* 2.41 1.21 0.01 6.50 2.93 0.15

IMP 93.7* 3.58 3.40 0.27 6.06 0.17 0.34

CaCl2 56.5* 7.27* 6.17 8.84* 0.13 0.89 0.17

Ethanol 333.5* 1.01 0.83 1.96 0.09 1.47 0.99

Values in parentheses are degrees of freedom. Levels: Strain = B6 or 129; Sex = male or female; Age = 54, 75, and 100 weeks.
*P < 0.01.
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AIN-93G diet. Third, CaCl2 preferences of 129 mice (fed

either diet) but not B6 mice were significantly lower at

100 weeks than at 54 weeks (Figure 2, Table 8).

Over all 3 ages combined, both strains had stronger pref-

erences for IMP if fed Teklad 8604 chow than AIN-93G diet.
Ethanol preferences of B6 mice fed AIN-93G were signifi-

cantly lower than those of B6 mice fed Teklad 8604 chow;

diet had no effect on ethanol preferences of 129 mice.

Part 3: mice aged 8 and 125 weeks

Mice aged 125 weeks were significantly heavier than mice aged

8 weeks, and this difference was more pronounced in the B6

thanin the129strain (Tables9 and10).At8 weeks,129females

weighed significantly more than B6 females, and males of the 2

strains weighed the same. At 125 weeks, B6 males and females

weighed significantly more than the corresponding groups of
129 mice. The 125-week-old B6 females drank significantly

more water than any other group. The 125-week-old 129

females drank significantly less water than 125-week-old 129

males. Water intakes of the 4 groups of males did not differ.

Age significantly influenced preferences for QHCl, NaCl,

and CaCl2 but not for the other taste solutions tested. QHCl

and NaCl preferences of 125-week-old B6 mice were signif-

icantly higher than those of 8-week-old B6 mice or 129 mice
of either age. CaCl2 preferences of 8-week-old 129 mice were

significantly higher than those of 8-week-old B6 mice and

125-week-old mice of either strain.

The only influence of Sex on taste solution preferences

was that CaCl2 preferences were significantly higher in 8-

week-old female 129 mice than 8-week-old male 129 mice

(Table 10).

Variability of preferences in Parts 1–3

To address several hypotheses concerning the variability of

preferences, we used the standard error of the mean (SEM)
of the preferences for each group in Parts 1–3 (i.e., for each

strain, sex, and age tested) as data in subsequent ANOVAs,

with strain, sex, diet, and age (where appropriate) as

between-subject factors and test solution as a within-subject

factor. 1) To test whether the taste preferences of older mice

were more variable than those of younger mice, we split the

data from male mice into a younger group (£25 weeks) and

an older group (‡30 weeks). The older group had more vari-
able preferences than did the younger group (mean± SEM of

the SEMs; young = 2.75 ± 0.28, old = 3.25 ± 0.17%). 2) To

test whether taste preferences of females were more variable

than those of males, we compared the SEMs of each of the 18

groups of female mice with the corresponding groups of

males. There was no effect of sex on phenotype variability,

either overall (mean ± SEM of the SEMs; males = 3.39 ±

0.19, females = 3.68 ± 0.19) or for any of the individual taste
solutions. 3) To test whether taste preferences of mice fed

chow were more variable than those fed semisynthetic diet,

we compared the SEMs of each of the 14 groups of mice fed

AIN-93G diet with the corresponding groups fed Teklad

8604 chow. There was no effect of diet on phenotype vari-

ability, either overall (mean ± SEM of the SEMs; AIN-

93G = 3.77 ± 0.23, chow = 3.31 ± 0.23) or for any of the

individual taste solutions.
In all 3 of these analyses, the taste preferences of 129 mice

were significantly more variable than those of B6 mice. The

variability in preferences for NaCl and ethanol was signifi-

cantly higher than the variability in preferences for saccharin

and IMP, with the variability in preferences for citric acid

falling between these extremes. Depending on the analysis,

the variability of preferences for QHCl and CaCl2 was either

significantly higher than or did not differ from the variability
in preferences for saccharin and IMP.

Part 4: concentration-response functions for 8- and

125-week-old mice

In this part of the experiment, we examined the response

of young and old mice to different concentrations of taste sol-
utions. All omnibus analyses revealed the expected, highly

significant main effect of Concentration on preferences. To

simplify, we do not describe these. None of the analyses pro-

duced significant interactions involving Concentration · Sex,

so we present the results for both sexes combined in Figure 3.

There were Strain · Age interactions influencing preferen-

ces for QHCl, IMP, and CaCl2. For QHCl, the interpretation

of this is unclear because there were differences between groups
in the choice test involving 2 bottles of water (Figure 3). For

IMP (particularly for 1 mM IMP), 129 mice aged 125 weeks

had lower preferences than did 129 mice aged 8 weeks or

B6 mice of either age. For CaCl2, 129 mice aged 8 weeks

had much higher preferences than did 129 mice aged 125

weeks or B6 mice of either age (Figure 3). There was also

an interaction of Strain · Concentration influencing CaCl2
preferences: Whereas the B6 and 129 mice did not differ in
the test with water versus water, the 129 mice had consis-

tently higher CaCl2 preference scores than did the B6 mice.

Preferences for NaCl involved a complex Strain · Age ·
Concentration interaction: B6 mice aged 125 weeks had

higher 150 mM NaCl preferences than B6 mice aged 8 weeks,

and at 75 and 300 mM, the old and young B6 mice did not

differ. The 129 mice aged 125 weeks had lower preferences

than did the 129 mice aged 8 weeks at all 3 concentrations of
NaCl. (Figure 3).

Age had no effects on saccharin, citric acid, or ethanol pref-

erences. Irrespective of age, B6 mice had stronger preferences

for saccharin than did 129 mice, particularly at the 1 and 3.16

mM concentrations. Over both ages and all concentrations

combined, female 129 mice had higher preferences than did

male 129 mice for saccharin (64 ± 3% vs. 56 ± 2%) and eth-

anol (29 ± 3% vs. 21 ± 2%). There was not a corresponding
sex difference for B6 mice in preferences for saccharin (82 ±

2% vs. 80 ± 2%), and male B6 mice had higher preferences for

ethanol than did female B6 mice (61 ± 3% vs. 50 ± 3%).
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Figure 2 Influence of age on the preference for 7 taste solutions by male mice fed Teklad 8604 (left column), female mice fed Teklad 8604 (middle column),
and male mice fed AIN-93G. Symbols represent means; vertical lines are standard errors (usually smaller than the symbols). Note that the x axis scale is
logarithmic.
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Discussion

We have split the Discussion into 2 parts: First, we discuss

the results obtained for water intake and each taste solution.

Under each subheading, we describe previous experiments

with rodents by other investigators, summarize our results,

and attempt to integrate them into this literature. Second,

we discuss the implications of the results for phenotyping
mice used for genetic analyses.

Discussion of specific taste preference tests

Water

Tests involving a choice between 2 drinking tubes of water

provided a measure of habitual fluid intake. Previous studies
of daily water intakes of old rodents have produced con-

flicting results. There are reports of age-related polydipsia

(Goodrick 1969; Beck and Yu 1982), eudipsia (Davies

et al. 1985), and hypodipsia (Silver et al. 1991, 1993). In the

present work, we found hypodipsia in old male B6 mice
fed chow but not in old male 129 mice fed chow, old female

mice of either strain fed chow, or old male mice of either strain

fed AIN-93G diet. Taken with the earlier literature, it seems

clear that the effects of age on water intake are complex

and dependent on strain, diet, and sex. This conclusion is based

on raw daily water intakes without adjustment for body size

(i.e., ml/d/mouse). Old mice were 2.5–4 times heavier than

the youngest mice, so adjustment for body weight would ren-
der all strain, sex, and diet groups polydipsic when young

and hypodipsic when old relative to middle-aged groups.

Saccharin

Previous investigations of age-related changes in sweet taste

preferences in rodents have produced mixed results (Colavita
1968; Goodrick 1969; Wurtman JJ and Wurtman RJ 1979;

Bertino and Wehmer 1981; Perez and Sclafani 1990). Here,

Table 9 Part 3—number of mice in each age group, body weights, and water intakes

Sex and age (weeks) Group size Body weight (g) Water intake (ml/day)

B6 129 C57BL/6J 129X1/SvJ C57BL/6J 129X1/SvJ

Males fed Teklad 8604

8 12 12 21.5 ± 0.7 22.6 ± 0.7 5.5 ± 0.4 5.0 ± 0.4

125 12 15 33.9 ± 0.7 26.3 ± 0.7* 4.6 ± 0.4 5.4 ± 0.3

Females fed Teklad 8604

8 12 8 16.7 ± 0.7y 19.2 ± 0.9 4.9 ± 0.4 4.4 ± 0.5

125 10 9 30.1 ± 0.8 23.3 ± 0.9*,** 6.2 ± 0.4y 4.4 ± 0.4*,**

*P < 0.01, comparison between strains at the same age and same sex; yP < 0.01, comparison with males of the same strain and age.

Table 10 Results of Part 3 ANOVAs comparing male and female B6 and 129 mice at 8 and 125 weeks old fed Teklad 8604 chow

Measure Strain
(1,81)

Age
(1,81)

Sex
(1,81)

Strain ·
Age
(1,81)

Strain ·
Sex
(1,81)

Age ·
Sex
(1,81)

Strain ·
Age ·
Sex (1,81)

Body weight 23.9* 216.5* 44.9* 65.3* 0.79 0.25 0.12

Water intake 5.02 0.10 0.82 0.12 7.06* 1.85 6.56*

Preference

Saccharin 277.8* 0.09 1.52 0.93 3.38 0.13 0.93

Citric acid 0.15 0.01 1.03 4.94 0.62 0.10 2.42

QHCl 4.20 11.7* 0.16 9.85* 0.45 0.13 0.02

NaCl 0.76 0.23 4.33 27.7* 2.35 0.53 0.02

IMP 20.9* 3.06 2.99 3.70 2.00 0.60 0.08

CaCl2 87.4* 48.2* 15.8* 61.7* 11.0* 1.41 3.54

Ethanol 168.0* 0.43 0.03 0.74 0.60 0.05 1.96

Values in parentheses are degrees of freedom. Levels: Strain = B6 or 129; Sex = male or female; Age = 8 or 125 weeks.
*P < 0.01.
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we found no age-related changes in saccharin preference in

either the B6 or 129 mouse strain. The largest influence on

saccharin preference was genetic. B6 mice had much stronger

preferences for 2 mM saccharin than did 129 mice, irrespec-

tive of their sex or diet. This marked strain difference is con-
sistent with the presence of a sweet ‘‘taster’’ Tas1r3 allele in

the B6 strain and a ‘‘nontaster’’ Tas1r3 allele in the 129 strain

(e.g., Bachmanov, Li, et al. 2001; Reed et al. 2004). The pres-

ent results suggest that the sensitivity of the TAS1R3 recep-

tor is not modified to any appreciable extent by age.

Citric acid

We are unaware of any previous work to examine the influ-

ence of age on sour taste solution preference in rodents.

Here, there were only 2 effects of age: Citric acid preferences

were lower in 4-week-old male B6 mice fed Teklad 8604 and

higher in 50-week-old B6 mice fed AIN-93G than in some of

the other groups. Irrespective of age, the effect of strain on
citric acid preferences was sex and diet dependent. Female

129 mice had higher citric acid preferences than did female

B6 mice or male 129 mice, and B6 mice fed AIN-93G diet had

higher preferences than did 129 mice fed the same diet, but

preferences did not differ between B6 and 129 males fed

chow (confirming Tordoff et al. 2002).

QHCl

There are at least 4 previous studies that have examined the

response of elderly rodents to bitter compounds: 1) There

were no differences in lick rates or bar presses for QHCl be-

tween rats aged 6, 21, or 43 weeks (Bloomquist and Candland

1965). 2) Thresholds for quinine detection in 2-bottle prefer-
ence tests were higher in weanlings than in 14- or 43-week-

old rats (Cicala and McMichael 1964). 3) Rats aged 124

weeks were more sensitive to quinine adulteration of their

diet than were rats aged 34 weeks (Jakubczak 1977). 4) Qui-

nine preference was higher in rats aged 106 weeks than those

aged 4, 20, and 60 weeks (Goodrick 1969). The results of our

study appear similar to the latter finding. The only effect of

age was that for both strains combined, the 100- and 125-
week-old mice (and 75-week-old groups fed AIN-93G)

had significantly higher QHCl preferences than did several

of the younger groups (Figure 2). Preferences for QHCl were

unaffected by strain, sex, diet, or any of their interactions.

NaCl

Previous studies of NaCl preferences in aging rodents have

produced contradictory results (McConnell and Henkin

1973; Midkiff and Bernstein 1983; Ferrell and Gray 1985)

and the results found here complicate things even further.

First, female B6 mice aged 4 weeks (Part 1) or 8 weeks (Part

3) had dramatically lower preferences for NaCl than did
older B6 mice. This increase is consistent with the onset of

pubertal steroid hormones contributing to NaCl preference
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(see Introduction); however, arguing against this explana-

tion, a similar change was not observed in female 129 or male

mice. Second, 100-week-old B6 males fed AIN-93G diet had

lower preferences than did younger B6 mice fed this diet.

This is consistent with general trends for NaCl preference
to decrease with age in both male and female B6 mice fed

chow. Third, there was a complex interaction in Part 4 of

the experiment: Preferences for 75, 150, and 300 mM NaCl

were lower in 125- than 8-week-old 129 mice but preferences

of 125- and 8-week-old B6 mice either did not differ (75 and

300 mM NaCl) or were higher in the 125- than 8-week-old

groups (150 mM NaCl; Figure 3). We note that there are per-

sistent effects of past experience with NaCl solutions on sub-
sequent NaCl preferences (Beauchamp and Fisher 1993;

Bachmanov, Schlager, et al. 1998; Bachmanov, Tordoff,

and Beauchamp 1998) and that in this experiment, the 8-

week-old mice were experimentally naive but the 125-week-

old mice had consumed NaCl solution previously. It is an

open question to what extent this difference in experience

influenced the results.

IMP

The only previous work we know on the response of old

rodents to umami-tasting compounds is a report of no

changes in monosodium glutamate preference of hairless rats
tested at 10, 15, and 20 weeks old (Smriga et al. 2000). Here,

we found that 4-week-old male mice of both strains and

4-week-old female 129 mice had higher preferences for IMP

than did some of the older groups. The general pattern of

results was for B6 mice to maintain virtually 100% preference

for IMP at all ages, whereas 129 mice had IMP preferences

that declined gradually with age from levels similar to or

slightly lower than B6 mice at 4 weeks to between 40–60%
at 125 weeks. There were no sex differences in IMP prefer-

ence. Both strains had stronger preferences for IMP if fed

chow than AIN-93G diet. The results of the concentration-

response experiment were consistent with the results of

earlier tests with 10 mM IMP, although the effects of age

on IMP preference were clearer at 1 mM than 10 mM IMP.

CaCl2

We are unaware of any previous studies of calcium prefer-

ence in elderly animals, although rats with continuous access

to CaCl2 or calcium lactate solutions decrease intakes as they
pass from adolescence into adulthood (Tordoff 1992). In the

present study, preferences of 129 mice for 50 mM CaCl2 were

stable between age 4–50 weeks, but plummeted between 54

and 125 weeks. This precipitous drop in preference occurred

in both male and female 129 mice, for those fed either chow

or AIN-93G, and was expressed in 125-week-old mice at all

3 concentrations of CaCl2 tested. It was arguably the largest

and most consistent effect of age observed in this study. The
reduction in CaCl2 preferences of elderly mice was confined

to the 129 strain, but a similar response in the B6 strain may

have been constrained by a floor effect because the CaCl2
preferences of B6 mice were very low at all ages.

It has been suggested that the demand for calcium is a func-

tion of growth (see Tordoff 2001), perhaps, of bone. Because

growth slows with age, it is possible that the reduction in cal-
cium preference observed in 129 mice at 75 weeks or older is

due to lower requirements for this mineral. Indeed, bone loss

has been observed in elderly C57BL/6 mice (Massie et al.

1989), although the relationship between age and bone cal-

cium is complex (Massie et al. 1990). Bone reabsorption can-

not be the only factor involved in reducing calcium preference

because relatively young mice had similar preferences to

middle-aged mice, even though growth and calcium require-
ments are higher in the young. Moreover, the strain difference

in calcium preference cannot easily be ascribed to differences

in growth because the 129 strain was, if anything, slightly

smaller than the B6 strain. The 129 strain does have slightly

higher bone mineral density and content than the B6 strain

(Tordoff and Bachmanov 2002b; Tordoff, Bachmanov, and

Reed forthcoming) that may point to strain differences in cal-

cium metabolism. We note that BIOBR and C57BL/6 mice
accumulate calcium in the kidneys at ;40 weeks old (Massie

et al. 1990; Morita et al. 1994), which is about the time we

observed decreased calcium preference. The cause of this re-

nal calcium accumulation is unclear (see van Abel et al. 2006

for other age-related changes in calcium metabolism of mice).

In all but the oldest mice, the 129 strain had higher CaCl2
preferences than did the B6 strain. This is in contrast to the

results with the other 6 taste solutions where, if anything, B6
mice had higher preferences than did 129 mice. Females of

both strains had slightly but significantly higher CaCl2 pref-

erences than did males, which, because females are smaller

than males, also argues against a simple relationship between

growth and calcium intake but is consistent with studies in

rats (e.g., Schulkin 1991) and a recent survey showing that

11 of 40 mouse strains had sex differences in this direction

(Tordoff, Bachmanov, and Reed forthcoming).

Ethanol

Previous work suggests that ethanol preference decreases

in elderly rats and mice (Goodrick 1975; Wood 1976;

Yoshimoto et al. 2003). In contrast, we found no concerted

changes in ethanol preferences with age in mice over 4 weeks.
However, 4-week-old male 129 mice fed Teklad chow had

lower preferences and 4-week-old B6 mice fed AIN-93G diet

had higher preferences than older groups fed the same diet. It

is possible that the marked reduction in ethanol preference of

B6 mice fed AIN-93G diet between 4 and 12 weeks reflects

maturation of mechanisms underlying orosensory percep-

tion, although we think this is unlikely because they were

confined to one sex and one diet. Instead, we suspect that
a metabolic effect of the diet was responsible; mice tested

when 4 weeks old had been fed this diet for only 17

days, whereas older mice had been fed it for at least 7

weeks. The lower ethanol preferences of adult B6 mice fed
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AIN-93G diet than those fed Teklad chow is consistent with

work using 10-week-old 129 and B6 mice (Tordoff et al.

2002).

Consistent with earlier work, there was a large strain dif-

ference in alcohol preference, with B6 mice showing much
stronger preferences for ethanol than did 129 mice. This

has been attributed to the interaction of ethanol with the

sweet taste receptor, TAS1R3 (Bachmanov et al. 1996a,

1996b, 2002b).

Implications for taste phenotyping mice

The main conclusion to be drawn from the results of this

experiment is that, with the possible exception of very young

(4 weeks) and very old (100 or 125 weeks) mice, age has little

effect on taste preferences. There were virtually no changes in

preference for any of the 7 taste solutions tested between 6

and 75 weeks of age. The only concerted change during this

period was a progressive age-related reduction in preferences

of 129 mice for IMP, and even here, the effects were small
(from 76 ± 3% to 66 ± 4%) and strain specific. It is doubtful

that such a small difference would be distinguishable without

the considerable power afforded this experiment by the large

number of comparison groups, each with a relatively large

number of mice.

The primary purpose for conducting this study was to de-

termine whether investigators should be concerned about the

age of mice when examining taste phenotypes in genetic stud-
ies. Because many inbred strains and transgenic mice do

not breed easily and are in short supply, it is often difficult

to generate groups that are matched perfectly for age. The

results indicate that age is a minor source of variability rel-

ative to strain, sex, diet, and even ‘‘sporadic’’ variations with

no obvious cause. Of course, this conclusion is based on the

results of only the 2 strains tested here, but these are the

background strains for most knockout mice, so it is likely
that they will have wide applicability.

Mice reach sexual maturity between 3 and 9 weeks

(depending on strain and the measure of maturity used,

e.g., Nelson et al. 1990). We anticipated that the pubertal

hormonal cascade might influence taste preferences. How-

ever, the only marked change in preference during this period

was for NaCl preference of B6 female mice and ethanol in-

take of B6 male mice fed AIN-93G diet. These findings must
be treated with caution or at least considered in the context

of the more general findings of no changes in taste preferen-

ces of the 129 strain and no changes in preferences for other

compounds tested. Moreover, maturity and dietary experi-

ence are confounded, so the cause of the changes in preference

is unclear. It will require replication of the pertinent results

and additional controls to determine whether the changes in

NaCl and ethanol preference between 4 and 12 weeks are
a consequence of sexual maturation.

Obtaining groups of mice of the same sex doubles the

amount of breeding required and thus is an obstacle to effi-

cient phenotyping studies. Testing females is often avoided

because of concerns that fluctuations in reproductive hor-

mones over the 4-day estrus cycle add variability to taste

preferences (e.g., Nance et al. 1976; Kanaka et al. 1979).

However, we found no evidence that variability was greater
in female than male mice at any age. There were, however,

indications that sex influenced taste preferences for some

solutions. Compared with males, females of both strains

had higher saccharin, CaCl2, and ethanol preferences (in the

concentration-response experiment only), and 129 females

had higher preferences for NaCl and IMP as well. Consistent

with their larger size and greater growth, males of both

strains ate more food than did females. However, there
was an intriguing dissociation of food and water intake;

129 males drank more water than did 129 females but B6

males drank less water than did B6 females. Based on the

results of this study and strain surveys of taste preferences

in male and female mice (Tordoff, Bachmanov, and Reed

forthcoming; Tordoff, Reed, and Bachmanov forthcoming),

it appears that sex differences in taste preferences are not as

robust as those observed with rats but are still present for
several taste solutions and thus cannot be ignored.

Diet and dietary restriction can have profound effects on

measures of aging (e.g., Duffy et al. 2001, 2002). Due to his-

torical precedent and cost, most studies are conducted with

mice fed cereal-based chow diets. These are a poor choice

because there are batch-to-batch differences that may add

to variability (see Tordoff et al. 2002; Wang et al. 2005).

In the current experiment, we did not find any evidence that
mice fed chow had more variable taste preferences than did

mice fed semisynthetic diet. We note, however, that it is

unlikely that batch-to-batch differences in chow would

influence within-group variability because mice in the same

group were unlikely to be fed from different batches of chow.

A more serious problem is that because the ingredients of

chow are unknown, experiments using this food are impos-

sible to replicate.
Although diet did not influence phenotypic variability, it

had marked effects on mean preferences for all the solutions

tested, often in a strain-specific manner. Relative to their

counterparts fed chow, mice of both strains fed AIN-93G

had lower QHCl and IMP preferences, the 129 mice had

lower citric acid, NaCl, and CaCl2 preferences, and the B6

mice had lower saccharin and ethanol preferences. The B6

mice fed AIN-93G also had lower water intakes, higher en-
ergy intakes, and were heavier than those fed Teklad 8604.

These results confirm and extend an earlier report involving

comparison of several chows and semisynthetic diets (Tordoff

et al. 2002).

We were surprised to find that mice fed the AIN-93G diet

died younger than those fed chow. We did not discern an

obvious cause of early death in the AIN-93G-fed mice. A de-

sign challenge was whether to use this diet, which is intended
for growing rodents, or to switch in the middle of the exper-

iment from AIN-93G to AIN-93M, which is formulated for
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maintenance of adult rodents (Reeves et al. 1993). We elected

to avoid the diet switch in order to simplify interpretation

but wonder if the relatively high casein and soybean oil con-

tent of the AIN-93G diet may have contributed to an early

death. The mice fed AIN-93G diet were considerably heavier
and, at least by visual inspection, fatter. It is thus possible

that they suffered from atherosclerosis and other diseases as-

sociated with obesity.

A thorny issue for this and many other taste preference

experiments concerns carry-over effects; that is, the modifi-

cation of taste preferences by previous taste experience. In

this experiment, there were 2 potential sources of carry-over

effects: 1) within each test series and 2) between test series in
those animals that were tested more than once. Within each

series, mice always received tests in the same order (i.e., sac-

charin, citric acid, QHCl, NaCl, IMP, CaCl2, and ethanol),

so it is possible, for example, that experience drinking sac-

charin might have influenced preferences for citric acid or

the other solutions tested subsequently. However, in unpub-

lished work, we found that groups of 8-week-old B6 or 129

mice given a series of four 2-bottle taste tests (2 mM saccha-
rin, 5 mM citric acid, 30 lM QHCl, and 75 mM NaCl) had

indistinguishable preferences from separate groups of mice

given each of the latter 3 tests alone. Thus, it is unlikely that

within-series carry-over effects influenced the results found

here, although we cannot rule out their possible contribu-

tion to IMP, CaCl2, or ethanol preferences. Between-series

carry-over effects were not an issue for interpretation of

results from mice in the 4- to 50-week-old groups because
these were all naive. However, the groups aged 54, 75,

100, and 125 weeks had all received taste preference tests

previously. To assess the possibility of carry-over effects

influencing the results of these mice, we compared the 54-

week-old groups (that had been tested previously when

4 weeks old) to groups that were 50 weeks old and never

been tested previously (in Part 1). In nearly every case,

the preferences of corresponding groups were similar (the
only exception was a difference in QHCl preferences of both

strains fed AIN-93G). This is reassuring evidence that there

are few if any carry-over effects from tests conducted a year

previously, although it does not rule out the possibility that

carry-over effects influenced the response of some of the

older groups.

This study is part of a series to dissect the environmental

causes of variation in taste phenotype. Earlier studies suggest
that test duration and the position and number of drinking

spouts can influence both group mean values and variability

(Tordoff 2002; Tordoff and Bachmanov 2002a, 2003a,

2003b, 2003c). Consistent with an earlier study (Tordoff

et al. 2002), we found that the type of diet the mice were

fed influenced group mean preferences but not the variability

of the response. Similarly, here we found that males and

females differed in mean preferences for some taste solutions
but not in the variability of response. With the exception of

the very youngest and oldest mice, in most cases, age had no

effect on either taste preference means or variability. We

note that variability between groups was much greater than

variability within groups. This cannot easily be ascribed to

differences in test procedures because, at least for the 4–50

week ages, all the mice were tested simultaneously and none
had previous experience with taste solutions. Instead, the

greatest source of variation appears to be due to factors

differentially affecting individual age groups. The most

likely possibilities include differences among the groups in

prenatal environment, litter composition, or the shipping

experience during transportation from the breeder to our

laboratory (see Tordoff et al. 2005). Discovering and then

controlling for these sources of variation will require addi-
tional experimentation.

Taste preferences are complex phenotypes that involve

integration of gustatory, olfactory, and trigeminal informa-

tion and modulation by hormonal and metabolic state. Al-

though gustatory transduction mechanisms remain largely

unaffected by age, olfactory and trigeminal ones decline, and

there are many hormonal and metabolic changes associated

with puberty and old age. It is an intriguing question why,
in the face of these nongustatory effects of age, most taste

preferences remain relatively stable.
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