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TASTE PREFERENCE BEHAVIOR OF LABORATORY VERSUS 
WILD NORWAY RATS1 

STEPHEN A. SHUMAKE, R. DAN THOMPSON, mvD CHARLES J. CAUDILL 
Denver Wildlife Research Center, Denver, Colorado 

Brief-exposure taste preference tests with simultaneous presentation of 
treated and standard foods were administered to 24 Long-Evans hooded 
and 24 laboratory-reared wild Norway rats (Rattus norvegicua). Four 
different taste stimuli representing the four taste qualities (sweet. sour, salty,
and bitter) were each tested at four different concentrations. Responses to 
each taste stimulus differed significantly between concentrations, but there 
were no pronounced qualitative or quantitative differences between the taste 
preference responses of the two strains of Norway rats. Domestication, there
fore, has not led to substantial changes in gnetically determined taste 
preference behavior. 

The excessive and often exclusive use of 
the domesticated Norway rat for laboratory 
research in physiology and behavior has 
been criticized by Richter (1954) and 
Lockard (1968). Although their commen-
taries may be justified in terms of undue 
concentration on a few solected strains of 
rats, the statement that the albino rat is an 
indefensible choice (Lockard, 1968), not 
only in species-typical behavior, but also for 
dietary and taste preference behavior, is ap-
parently based on opinion and not on em-
pirical evidence. In a bibliography of over 
3,000 references on the sense of taste 
(Pangborn & Trobue, 1967), no reports 
were found indicating a direct comparison 
of the taste preference responses of wild and 
domesticated Norway rats to stimuli repre-
senting the four basic taste qualities. 

Only a few published reports on taste 
preference behavior have dealt directly 
with the effects of domestication. For 
sweet-tasting stimuli, Maller and Kare 
(1965) found that albino rats showed 
greater preference for each of seven sweet-
ening agents in water than did a group of 
wild Norways. Qualitatively, however, the 

"This research was conducted in part with funds 
provided to the Bureau of Sport Fislries and Wild
life by the Agency for International Development 
under the project "Control of Vertebrate Peets: 
Rats, Bats, and Noxious Birds," PASA RA(ID) 
1-87. 

'Requests for reprints should be sent to Stephen 
A. Shumake, Denver Wildlife Research Center,
Building 16, Federal Center, Denver. Colorado 
802M5. 

taste preference profiles were similar for the 
two strains. Mailer (1967) reported that 
quinine sulfate, a bitter-tasting stimulus, 
caused a temporary but statistically signifi
cant decrease in food intake in the labora
tory rat, but no change in intake in the wild 
rat. Richter and Mosier (1954) showed that 
both wild and domestic strains would drink 
large amounts of water containing up to 
50%-70% salt, but that salt did not produce 
as much thirst for untreated water in the 
domesticated Norways as in wild strains. 
No research comparing the taste preference 
responses of the two strains to sour-tasting 
stimuli has been reported. 

These reported taste preference compari
sons for sweet, bitter, and salty stimuli were 
not sensitive because, in some cases, no 
choice was allowed the animals, and all 
tests were carried out with 24-hr. consump
tion measures. The major difficult,, in eval
uating 24-hr. cor.sumption data is that the 
results reflect not only initial taste prefer
ence behavior but also postingestional ef
fects such as caloric regulation or physio
logical aversion. 

To prevent this confounding, a short ini
tial preference test design is a necessity for 
separating the taste !ffects from the post

ingestional'effects. The present study used a 
taste preference apparatus for solid-food 
media developed by Thompson and Grant 
(1971) utilizing the foods-together brief-ex
posure concept described by Young and 

Konpauf (1962). Both strains were tested 
for taste preference responses to the four 
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basic taste qualities, each at four different 
concentrations, in order to investigate thefollwin qustins:The 
following questions:

1. Does either strain of rat require a 
higher concentration of a compound to ef-
fect a change in taste prefereice?

2. Is there a Taste Quality X Rat Strain 
interaction as indicated by the taste prefer-ence profiles of the two strains for the four 
taste qualities? 

3. Does the domesticated strain exhibit 
less sensitivity and more variability in thetaste preference response than the wild 
Norway rat, as Lockard (1968) contended? 

METHOD 

Subjects 

Twenty-four wild Norway (18 males and 6 fe-
males) and 24 male Long-Evans hooded rats wereused. The wild rats had been born and reared in
the labaratory and were the progeny of mated
pairs of live-trapped wiid Norwavys. All rat- were 
about 150 days ol and weighed 175-200 vi .. Eachrat was maintained on ad-lib food and iater be-
tweer. tests, with the restriction that n.imals with
extremely slow preference responses in the train-
ing period were deprived of food for 12 hr. before
testing, 

Media 
Each of the four taste stimuli was tested in food


pellets at four concentrations (shown in the
abscissas in Figure 1). The concentration limits

for each stimulus were chosen by examining

Pfaffmann's (1963) preference data for sucrose and
sodium chloride and Koh and Teitelbaum's (19N1)
rat behavioral threshold data for the four taste 
qualities. The lowest concentrations of all four
stimuli were near or below the threshold, and the
highest value for sucrose was chosen to reflect
preference rather than aversion. For quinine hy'-drochloride. all con'entration, were reduced by
1.0 log unit to prevent total aversion.

All pellets were based on ground wheat andweighed 30 ng. each. Within each test, the basic
pellet formulation was the same for the
treated and standard (untreated) foods. For su-
crose and sodium chloride, a mixture of 25%wheat and 75% Avicel (an odorless, tasteless, 
nonnutritive bulk filler) was used to prevent thetaste of wheat from masking the sweet and saltYstimuli. For citric acid and quinine hydrochloride,100% wheat pellets were used to increase palat-
ability, 

'Trade name of FMC Corporation, American
Viscose Division, Newark, Delaware. Reference to
trade names (toes not imply endorsement of corn-
merical products by the Federal Government, 

Apparatusand Procedure 
24 hooded and 24 wild Norway rats were 

each divided randomly into four groups of 6 ratseach. Each group received a different stimulus, but 
all four concentrations were tested on each rat. 

Preference behavior for each animal was mneas
tired using an automated taste preference apparatus which has been previously described indetail 'Thompson & Grant, 1971). The apparatusis programmed such that the animal briefly
samples each food alone before the two foods are
presented together for choice behavior. Temporaland opatial position habits are minimized by alternately presenting the foods with sequence andpositions reversed. The apparatus (three of which 
were used) basically consists of two interconnected 
modules; the preference tester (Module I) and the 
relay-programming, photocell-amplified, and impulse-counter unit (Module 2) which is located 
in an adjoining sound-attenuated room. Thepreference tester uModule 1) is placed directly
into thp cage of each rat so that no animal han
dliog is necessary. Module 1 is composed of photo-Cell sensors, a li:it switch, a reversible electric 
motor, and a gear-driven circular feeding tray
diVided into quadrants. Each quadrant of the 
feeding tray contains a removable stainless-steel 
cup for weighing purposes. Only one of the feeding
quadrants is presented to the rat at a time, andthe eating time limit (photocell break time) al
lowed the animal in the quadrant is predeter
mined by a criterion counter in Module 2. When 
the criterion counter registers the required eatingtime exposure, the next qladrant rotates into position allowing access by the rat to the next foodor foods in that quadrant. Two of the quadrants

(A and B) are used for the nonchoice food sampling positions, and the remaining two quadrants
(A/B and B/A) are bi-eccid for the choice posi
tions. In a typical choice cycle, the rat samples
Food A (accumulates 3 sec.). samples Food B
(accumulates 3 sec.), chooses between A and B

resented simultaneously (accumulates 6 see.),
saples Food B. smlaples Food A. aml finally
 
'"hoosP between B and A (i.e.. positions reversed).


Before preference testing, each rat 
 was con.ditioned to eat. untreated pellets from the device. 
*l f 

00o1 compartments contained 1.25 gin. of 30in the animal's cage each day tiotil 16 cycles
been completed. When the animal appeared to
have become aecistomed to the sounds 

g. 100% wheat pellets, a l oduile 1 was placedhad 

and 
movements of the device (16 cycles achieved inthout 30 min.). tniformity data (consumption and
time spent eating) were tabulated for that an
mals 

Aft 
ter the uniformity data appeared to be

stable and unbiased by the imement of the ap.paratus, preference testing was initiated. To de
termine preference. 1.25 gin. of the standard food 
was placed in each of the three A (or B) com
partments, and an equal amount of treated Pellets
at the lowest of the four concentrations was placed 
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-in the three B (or A) compartments. For alternate
rats, the placement of the standard and treated 
foods was interchanged. When at least 16 cycles(32 choices) had been completed, the device was
removed from the rat's cage. and the time it had
spent eating the standard and treated foods (near-
est .1see.) and the amounts consumed (nearest 1.0
mg.) were recorded. To minimize any" position
habits or bias the animal might have had withrespect to the movemeaii of the food compart-
ments, it was retested thnext day with the sameconcentration but with th'e po.ition of the ozindard
and treated foods reversed. Tests with progres-
sively higher concentrations were conducted inthis same manner, with no more than 2 days be-
tween tests, until each animal had received all fourconcentrations. 

Preference scores were computed for each ani-
mal on each test day by the equation P = 100 7'/(T + U), where P is the percentage preference for
the treated food, T is the weight of treated foodconsumed (or the time spent eating the treated
food), and U is the weight of untreated food con-sumed (or the time thefood),at spent eating untreted 

RESULTS 

Both the Long-Evans hoodkd and wild 
Norway strains adapted to the taste prefer-
ence devices with 3 or 4 days of condition-
ing. For all eight groups of rats the uni-
formity data indicated that there were 
equal preferences based on consumption 
and time for the A and B choice compart-
ments when the choice positions were re-
versed upon replication and mean values 
computed. It was noted that the preference 

scores based upon consunlption were more 

sensitive and reliable indicators of prefer-

ence. The time measures may not have nec-

essarily reflected only ingestion behavior 

but also olfactory sampling or random head 

movement by the rat. All preference scores 

for treated pellets were therefore lased on 

consumption rather than time measures,

A comparison of the mean preference bt-
havior of the two strains for the four taste 
qualities at each of tile four concentrations 
is indicated in Figure 1. When the mean 

percentage preference 
 scores at the highest
concentration of each taste stiunlus are or-
dered from greatest to least preference, the 
stimuli form the following pattern for both 
hooded and wild rats: sucrose, sodium chloride, citric acid, and quinine hydrochlo-
ride. In the case of sucrose, tIle preference 
for treated pellets increased significantly (F 

= 166.67, df = 3/8, p < .01) in direct proportion to the concentration for both 

strains. Although the wild rats showed 
slightly more preference for the sucrose
treated pellets throughout this concentration series, the difference between strainsi nirecantetFeen.74,ain 
was not statistically s 
= 1/8, p > .). The citric-acid-treated pli
lets produced progressive decreases i preference across the four concentrations. Theconcentration effects were significant (F 

66.05, df = 3/8, p < .01), whereas the
strain effects were not (F = 1.06, df = 1/8,p > .1). Both strains showed progressive
aversion to the higher concentrations of so
dium chloride (F = 18.06, (if = 3/8, p <
.01) and again there no strain differwere 
ences (F 1.59, (If 18. p .1l.= = > Simi
larly, with quinine hydrochloride, a markedtasteaversioa developed in both strains atv ri ad vl p d i oh sri s athe higher concentrations. There was a sta
tistically significant concentration effect IF 
= 107.71, df = 3/8, p < 01) and no straineffect (F = 2.39, (If = 1/8, p > .A).

The mean preference scores are .lown in 
Table 1, along with the standard deviatiots, 
coefficients of variation, and mean tliffer
ences for each stimulus, concentration, and 
strain. With six animals per treatment, the 
standard deviation values were quite large,
but (lid not appear larger in relation to the 
mean for one strain than the other. Coeffi
cients of variation were highly similar for 
both strains throughout the conditions of 
the experiment. In 10 of the 16 cases, the 
preference scores of the will Norways ex
ceeded those of the hooded rats. This may
indicate that small differences do exist in 
the gustatory systems of the two strains,
but these differences are not distinct. It 
would be expected that the wild rats would 
show more sensitivity to different tastes,
since this would he an asset for survival in 
tIle wild. However, with the three taste 
stimuli that lead to progressive aversion at 
the higher concentrations (salt, quinine,
and citric acid), the preference scores of the 
wild Norways exceeded those of the hooded 
rats in only 6 of tie 12 conditions. 

Discussiox 
From both the qualitative and quantita

tive aspects of taste preference behavior, 
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iffour taste stimuli representing the four taste qualities. 

,he domesticated Long-Evans hooded rat 
loes not seem to differ appreciably from the 
vld Norway rat. Since Lockard (1968) 
flaims that most albino rats are black and 
hooded, although the coat color is not phen-
)typically expressed, this similarity to wild 

rats in taste preference response may be 
generalized to other domesticated strains. 

Through low or neutral selectior, pressure, 
the domestic strains should exhibit greatly 
increased variability over the wild strains 
in sensory function and dietary preference 
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(Lockard, 1968). As indicated in Table 1,
however, both strains showed quite similar 
coefficients of variation throughout the ex-
periment. A regression analysis on the coef-
ficients of variation for these two strains, in 
fact, indicated that the variations werehighly correlated (r = .92, df = 30, p < 
.01) with a regression-line slope close to 1.0 
(b = 1.20, C[-.27 < /3 < 2.67] = .95).

Although previous reports (Maller, 1967;
Mailer & Kar, 1965; Richter & Mosier, 
1954) bave indicated qualitative and quan-
titative d&:Frences in taste preference behavior between wild and domestic rat 
strains, these studies were deficient in two 
respects. The wild rats live trapped,were 
giving this strain the advantage of a more 
diversified taste history, and 24-hr. con-
sumption tests were used, which confounded 
taste preference behavior with postinges-
tional factors. 

In the present study, a brief-exposure 
foods-together preference test was used 
with wild and domesticated strains that had 
both been reared in the laboratory on iden-
tical diets. If differences in the taste prefer-
ence behavior of these two strains had beenefe 

observed, a true genetic effect would have 
been implied. In the absence of these differ-
ences, it must b e co nclud ed that th e domes-
tication of the Norwa rat has had few if 
any genetic effects on .1SD

taste preference be-

havior. 


The results of the present study must be 
restricted to taste preference and do not 

necessarily indicate equal taste sensitivity

for the two strains. It is apparent, however,

that the taste thresholds, r. roughly esti-
mated by preference behavior, are not ex-
tremely different. Fish and Richter (1946)
found that the number of foliate papillae on 
the tongues of the two strains appeared to 
be the same but that the domestic rats had 
17% fewer fungiform papillae than the wild 
rats. The relation between taste sensitivity
and number of papillae, however, is still 
relatively unknown. Neither behavioral -nor 
electrophysiological taste threshold comapar-
isons between wild and domesticated Nor-
way rats for the four basic taste qualities 
have been reported.

Whether or not to use a particular strain 

TABLE 1
 
NIEAX PREFERENCE RESPONSES, 
 STANDARD DEVI-

ATIo24d, COEFFICIENTS OF VARIATION, AND 
MEAN DIFFEE S rOn FOURASTwo STIRULI, 
FouR CONCE TRATIONS,oF RATSAND Two STAINS 

Concent- Concent. Concent- Concent

ration ration 2 raton ration 4 
sIa.fc V .2 S V 

. 3 . 

Sucroe 

SD 1l9.08 1.67 [23.84x 47.39 5.30 57.8 2.0864.74 [28.31 [20.3 1 30.6378.87 79.1 I 91.8888.fl 860 

c' I .42 .38 .41 41 .36 .37 .38 .31 
Xn-xw -4.91 -6.7 -2.80 -3..7 

Sodium chloride 
Y .28 10.30 82.98 165.41 49.39 13.84 31.91 129.70 

SD 20.08 123.26 17.32 128.18 98 28:44 17.96 18.48 
cv .34 .26 .31 . *43 .39 I .59 .50 .62 
xn-xw -1.08 -12.43 1 -4.45 2.15 

Quinine hydrochiorid) 
- 19.20 1.d2oe 4.01 

.V 1 *a3 47.84 148.93 46.88 27.04 i1.20 1.9. 4.01 
SD 20.64 i1s72 17.5 18.03 117.60 1.03 4.20 i 6.48el'- .39 .33,cu .36 I 32 1.658 1.00 2.22 11.61.89 2.08 7.84 -2.09 

- . _ " .os_ 
Citric acid 

-o __ 03_ 3 571___14_4 .__ 4__ 3 .1_ 1__1 6__ 
X 18,38 8-371 1938 13 18.7018.87 115.38 18.39 17.855 15.38 1948 14.64 17.01cv .31 34 .34 30 .38 .8 1.06 1.08
 
9H EW -3.63 1.43 6.31 -1.98


Note.-Abbreviations: CV - coefficient of variation, H 
hood; W- wild.
 

of Xorway rat is a question that is not 
often carefully considered in behavioral and 
physiological research (Lockard, 1968).
Without the support of comparative data,
howev'er, it should not be assumed that the 
wild strain is always genetically superior to 
the domesticated strain. 
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