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Food rewards are commonly used as positive reinforcement in rodent behavioral experiments. Bioserv
dustless precision pellets and Noyes formula P precision pellets are both used for this purpose in
behavioral experiments in multiple laboratories, as they are nutritionally consistent with standard lab-
oratory diets. Because of the nutritional value, they are superior to other positive food rewards such as
chocolate. Whether male Wistar rats prefer either of these pellets was tested with a T-maze choice test,
because Noyes formula P precision pellets could no longer easily be purchased in Europe. Rats did not
show preference for either Bioserv dustless precision pellets or Noyes formula P precision pellets.
Concluding, both pellet types can be used reliably as positive reinforcement in behavioral experiments.
We advise against repeating of experiments replacing one of these pellet types with the other, to reduce
the number of experimental animals needed.
� 2019 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Food rewards are commonly used as positive reinforcement in
rodent behavioral experiments. Rats and mice will quickly adapt
their behavior for rewards such as chocolate (Naqshbandi et al.,
2007), cheese (Evenden and Ko, 2007), chocolate chip cookies
(Evenden and Ko, 2007), almond (van der Kooij et al., 2010), and
cereals (Cohen and Gotthard, 2011). These types of food rewards
have the disadvantage that animals can become nutritionally
deficient, particularly as animals are usually on a moderately
restricted diet to motivate them to perform the behavioral tests.
Therefore, several companies have developed food reward preci-
sion pellets for use in automated feeders. These precision pellets are
nutritionally consistent with (sweetened) standard laboratory diets
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(Baum, 1991), fulfilling species-specific nutrient requirements. Ex-
perimenters using commercial precision pellets thus do not need to
be particularly concerned about possible adverse impact of the food
rewards on the nutritional health of their animals.

Three main psychological components of reward can be distin-
guished: 1) the stimulus-action-consequence relationship; 2) the
hedonic consequence of reward consumption; and 3) the motiva-
tion to learn and act (Berridge and Robinson, 2003). The type of
reward used in behavioral experiments influences the second and
third component, and thereby indirectly on learning the first. Thus,
if food reward is used as a tool to assess behavior and cognition, it is
important that the type of reward is kept constant within and be-
tween experiments.

Commercially available precision pellets have been used in
behavioral tests comprising maze tasks (Denk et al., 2005), large
arena tasks, (Salvetti et al., 2014) and operant tasks (Leenaars et al.,
2013). Two types of food rewards for rats that have been used
regularly are Bioserv dustless precision pellets (45 mg; BioServ,
Frenchtown, USA) and Noyes formula P precision pellets (45 mg;
Research Diets, New Brunswick, USA). The composition of these
pellets is provided in Table 1 in the methods section. The 45 mg
pellets are the standard size for use in rat skinner box food
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:c.h.c.Leenaars@uu.nl
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jveb.2019.01.007&domain=pdf
www.sciencedirect.com/science/journal/15587878
http://www.journalvetbehavior.com
https://doi.org/10.1016/j.jveb.2019.01.007
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jveb.2019.01.007
https://doi.org/10.1016/j.jveb.2019.01.007


Table 1
Composition of the pellets

BioServ dustless precision
pellet

Noyes formula P precision
pellets

Ingredients Dextrose, sucrose, casein,
fiber, corn oil, corn syrup,
choline bitartrate, mineral
mix, vitamin mix, flowing
agents.

Sucrose, casein,
maltodextrin, corn starch,
corn oil, minerals, silicon
dioxide, vitamins,
magnesium stearate,
DL-methionine.

Protein 18,80% 17,90%
Fiber 4,60% 4,90%
Fat 5,00% 4,90%
Ash 4,40% 4,10%
Carbohydrates 61,50% 66,80%
Energy 3.68 kcal/g 3.48 kcal/g
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dispensers. The Noyes formula P pellets were highly preferred over
Noyes FP (sucrose-fruit punch) and Noyes AI (grain-based, com-
parable with laboratory chow) pellets (van der Plasse et al., 2007).

Our laboratory, performing behavioral experiments in male
Wistar rats, had to transfer from Noyes formula P precision pellets
to unflavored purified Bioserv dustless precision pellets as the
formula P pellets were no longer available from our preferred
supplier. As far as we know, most (but certainly not all) EU
behavioral laboratories have transferred to Bioserv pellets. Noyes
precision pellets are still available from TestDiet (www.testdiet.-
com; 5TUL, 5TUT, and 5TUM) and also used by US behavioral lab-
oratories (Wadhera et al., 2017).

Before making the transfer, we needed to know if these rewards
were equally motivating forWistar rats. In literature, we only found
one study testing motivation to press a lever on a variable interval
(30 s)dfixed ratio (20 lever presses) schedule for both pellet types
in four male Long-Evans rats (Baum, 1991). This underpowered
study concluded that the motivation for both pellets is generally
equivalent. The present study examines Wistar rat preference for
either pellet type in a T-maze.

For this study, the term “preference” indicates a difference in
motivation to acquire one reward over another. Preference between
rewards can be measured with choice tests (Kirkden and Pajor,
2006, Habedank et al., 2018). In choice tests, animals are required
to make repetitive discrete choices between alternative rewards. To
result in valid outcomes, the rewards should not vary in more than
one dimension, that is, the size and nutritional value should be
equivalent. Alternatively, preference can be measured with operant
tests (Kirkden and Pajor, 2006). However, these are complex and
depend strongly on the animal’s motivation to perform the task
(Cooper and Mason, 2001). The advantages of choice tests for uni-
dimensional substitutes are that they allow animals to express their
preference directly, which implies that they are relatively easy to
Table 2
Overview of the experimental procedure

Day Test

1 (Monday) Habituation
2 (Tuesday) Habituation
3 (Wednesday) Side preference
4 (Thursday) Pellet preference 1, Even-numbered rats get Noyes pellets on

left; odd-numbered rats get Noyes on the right
5 (Friday) Pellet preference 2, Even-numbered rats get Noyes pellets on

right; odd-numbered rats get Noyes on the left

Rats were always tested from 1 to 10 sequentially. Rats 1-5 were housed together in cage
closes after a rat enters an arm. On day 4 and 5, rats started with 2 open trials, exploring b
from all analyses).
The number of trials per day and the number of pellets per trial is based on experience wi
larger numbers of trials per day.
interpret, and that they can be performed relatively quickly
comparedwith other types of motivational tests (Kirkden and Pajor,
2006). Moreover, choice tests are relatively comparable with food
preference testing in humans (Leenaars et al., 2016). A general
disadvantage of this type of testing is that it is virtually impossible
to distinguish an absence of preference from not being able to learn
which alternative option is where. However, because of the intel-
ligence of rats, it is likely that they do learn these types of tasks.

Other studies have successfully used the T-maze to test for ro-
dent food preference (van der Plasse et al., 2007, Wadhera et al.,
2017, Al’bertin, 2018, Correa et al., 2016, Capaldi et al., 1989,
Buckley et al., 2011); for other types of preference testing
(Hernandez-Lallement et al., 2014, Marquez et al., 2015, Karimi
et al., 2017, Yohn et al., 2017, Mayeux-Portas et al., 2000); and for
cognitive testing (van den Bos et al., 2012, Acevedo-Triana et al.,
2017, D1awichowska and Lukaszewska, 1986, Marquis et al., 2008,
Nocjar et al., 2007, Capaldi et al., 1992, Mendelson, 1966). The
objective of this study was to determine the possible preference of
male Wistar rats for Noyes formula P precision pellets versus Bio-
serv dustless precision pellets with a choice test in a T-maze.

Materials and methods

This study was carried out in accordance with Dutch legislation
and European guidelines. The protocol was approved by the
experimental animal committee of the Royal Netherlands Academy
of Arts and Sciences (P_NIN2006-07).

We used 10 male Wistar rats (Harlan, Horst, the Netherlands;
weight on arrival 250-300 g, estimated age 7-8 weeks), the most
commonly used species and sex of rat in behavioral neuroscience.
They were housed under reversed light (L:D 12:12; lights ON at
19:00) in groups of 5 in type-IV Makrolon (polycarbonate) cages
(60 � 38 � 20 cm) with corresponding stainless steel wire covers
containing the water bottle, and standard laboratory chow during
the habituation phase. Before and between experimental sessions
in the T-maze, rats were group-housed to prevent the stress
induced by social isolation, that is, to increase their welfare. We did
not expect the social interactions in the home cage to affect pellet
preference. We provided standard sawdust for bedding and a
shelter (25 cm of PVC tubing, cut through lengthwise to create a
shelter 12 cm high) for cage enrichment. Rats 1-5 were housed
together in one cage and rats 6-10 in a second cage. The cages were
placed next to each other in the NIN animal house, in a roomwithin
conventional (i.e., non-SPF) facilities, with controlled temperature
(20�C � 2�C) and relative humidity (60% � 20%). They were
replaced weekly by clean cages, always on Fridays. When changing
cages, one hand of sawdust from the old cage was transferred to the
new cage to increase familiar odors.

The experiments were performed in 10 maleWistar rats, using a
within-subject crossover design described below and in Table 2. As
# Pellets per arm per trial # Trials Trial type

4 3 Open
2 10 Open
2 12 Choice

the 2 2 þ 17 Open þ Choice

the 2 2 þ 17 Open þ Choice

1 and rats 6-10 in cage 2. On open trials, doors stay open. On choice trials, the door
oth arms and eating all pellets, to learn which pellet was on which side (disregarded

thin our laboratory. With experience, rats move faster through the maze, allowing for
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this was a pilot experiment, for which power analyses were not
required at the time, no a priori power analysis was performed; the
sample size was based on preceding comparably designed experi-
ments at the Netherlands Institute for Neurosciences (Amsterdam,
mainly unpublished). The comparison of three different Noyes
pellet typesmentioned in the introductionwas performed in 8male
Wistar rats (van der Plasse et al., 2007). Other types of T-maze
testing in our institute used a sample size of n ¼ 5�8 rats per
experimental group (Sanchez-Santed et al., 1997). Our sample size
is also comparable with that used in more recent T-maze experi-
ments from other groups (Al’bertin, 2018, Fatahi et al., 2018, Yohn
et al., 2017). We do strongly recommend power analyses to be
performed a priori for any future experiment.

Rats were monitored daily for welfare; they were observed in
the home cage for any visible indicators of lack of wellbeing (e.g.,
piloerection, poor grooming, lethargy, discharge from nose or ears).
Rats were left undisturbed for one week after arrival for acclima-
tization. They were habituated to daily handling for another week
before starting experiments.

Food restriction to 16 g/rat/day as described before (van der
Plasse et al., 2007) was started three days before first behavioral
testing. This amount of food was generally used in our laboratory
when performing behavioral experiments, to keep the rats moti-
vated to perform tasks for food reward, while maintaining them at
or over 90% of their free-feeding weight (e.g., van der Plasse et al.,
2007). On the test days, the 16g of chow is supplemented with the
pellets (Table 1) eaten on the maze (12-38 pellets, refer to Table 2).
We did not adapt the amount of chow provided for this experi-
ment, as only small numbers of pellets can be earned in testing
(12-38 pellets of 45 mg each, i.e., 0.54�1.71 g if all trials are
completed). The maintenance of 90% of the free-feeding weight
was confirmed by daily weighing on experimental days. When rats
were on food restriction, chowwas provided toward the end of the
dark phase, at least one hour after testing, to avoid learning to
anticipate food during the test. Plain tap water was provided in the
home cage from standard laboratory rat water bottles with metal
drippers. Water was unrestricted throughout the experiment,
except during the actual testing when rats were taken out of the
home cage.

The protocol comprised habituation to the T-maze for two
subsequent days. This was followed by control testing for possible
side preference and testing for possible pellet preference on the
three subsequent days. We implemented the side preference
testing and used a crossover design for pellet preference testing as
we were concerned about potential side preferences obscuring a
pellet preference effect. While we recommend this strategy for
preference testing, when using a T-maze for memory tests, the
reward in each arm should usually be kept consistent.

Rats were always tested in order from 1 to 10 sequentially,
during their dark phase, when they are naturally active. An over-
view of the experimental protocol, including the number of trials
per day, is provided in Table 2.

T-maze and habituation

The T-maze had been made by our mechanics workshop. It
consists of three equal arms of 34 cm long, 9.5 cmwide, and 19.5 cm
high with one start-arm at a 90� angle of the lateral arms. Both
lateral arms could be closed with remotely controlled doors. The
end of each lateral arm contained a metal cup for pellets. The test
roomwas located on the same floor as the rats were housed. It was
lit with four 120-Watt spots resulting in roughly equal light in-
tensity throughout the T-maze. The T-maze was cleaned with 70%
ethanol after each trial to prevent odor transfer. All testing was
performed during the dark phase.
In the first two days of the experiment, rats habituated to the T-
maze. Each rat was rewarded with both pellet types in the maze:
Bioserv dustless precision pellets (45 mg; BioServ, Frenchtown,
USA) and Noyes formula P precision pellets (45 mg; Research Diets,
New Brunswick, USA) mixed on both sides. The composition of
Bioserv dustless precision pellets and Noyes formula P precision
pellet types is shown in Table 1. The doors were not used during
habituation. Pellet types were mixed during the habituation and
the side preference test, to prevent the establishment of side
preferences before the start of pellet preference testing, as this
could result in confounding and bias.

For each trial, the rat was placed in the start arm and left in the
maze to explore until it had visited both arms, ate all the pellets,
and no longer showed increased locomotor activity or rearing
(novelty response). No formal criteria were used to evaluate the
novelty response. However, after exploring the maze and eating the
pellets, rats mostly started washing or just stayed in one place. On
day 1, four pellets were provided in each lateral arm during each
trial, two of which were placed on the maze arm before the metal
cups. From day 2 onward, this was reduced to two pellets per arm in
the metal cups only, as rats generally explore the maze faster on the
second exposure. The number of trials per day and the number of
pellets per trial is based on experience within our laboratory. With
experience, rats move faster through the maze, allowing for larger
numbers of trials per day. During habituation, we provide 4 pellets
per arm per trial. As of day 2, we only provide 2 pellets per arm trial.

Side preference

We examined if the rats had any spontaneous side preference
before the onset of preference testing on the third day of the
experiment. In the side preference test, the door closed after
entering an arm in 12 sequential trials. The rat in the maze was still
rewarded with mixed pellets, one of each type on each side. The
number of choices for each lateral armwas registered to determine
potential side preferences.

If rats did not choose an arm within two minutes after starting
the trial, the trial was ended. Side preference for the right arm was
expressed as a fraction of the total number of completed trials.

Pellet preference

Pellet preference was tested on day 4 and 5 of the experiment in
a crossover design. Each day started with two open trials (no doors)
inwhich rats could freely explore the maze and find 2 pellets of one
type in each lateral arm. The open trials were excluded from all
analyses. These two exposure trials were followed by 17 choice
trials in which the door closed after the rat entered a lateral arm.

Noyes pellets were on the right side of the T-maze on day 4
(referred to as “order A”) for five rats (rat 1, 3, 5, 7, and 9); they were
on the left side for the other five (referred to as “order B”). The side
on which each pellet type was provided was changed for each in-
dividual rat on day 5 compared with day 4, resulting in a fully
crossed design. We used alternation for the order of receiving each
pellet type on each side of the maze instead of randomization. This
way, the order is perfectly counterbalanced. We preferred this
perfect balance over chance-induced imbalances, which may occur
with randomization of small numbers of animals. This could result
in unwanted baseline differences between the groups. The combi-
nation of this alternating order and the crossover design should
prevent potential side preferences from affecting the observed
pellet preference.

If rats did not choose an arm within two minutes after starting
the trial, the trial was ended. Pellet preference for Noyes pellets was
expressed as a fraction of the total number of completed trials.
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Statistical analysis

Data are presented as average values � standard error of the
mean (SEM), unless otherwise stated. Statistical analyses were
performed with SPSS (Chicago, USA). Differences were considered
significant at P ¼ 0.05.

For side preference, all completed trials on day 3 were included.
For pellet preference, all completed choice trials on day 4 and 5
were summed and included. Our outcome, preference, was
expressed as a fraction of the number of completed trials to include
all rats in the analyses. Analyzing fractions or percentages of choices
is a common procedure for T-maze experiments (Al’bertin, 2018,
Fatahi et al., 2018, Karimi et al., 2017, Wadhera et al., 2017).

The experimental unit was the single rat. Deviation from the
normal distribution of the preference data expressed as a fraction of
choices was tested with a Kolmogorov-Smirnov test. Fraction of
choice data did not statistically deviate from the normal distribu-
tion (D ¼ 0.23; P ¼ 0.13 for side preference, D ¼ 0.15; P ¼ 0.20 for
pellet preference, N ¼ 10 for both). While the Kolmogorov-Smirnov
test may not be too informative for a sample of n ¼ 10, we did not
have reason to expect deviation from the normal distribution
(based on visual inspection of the data) and used parametric sta-
tistical tests for our primary analyses. Besides, we analyzed the
separate sequential choices in sensitivity analyses.

Side preference and pellet preference were analyzed separately.
The presence of a side preference was tested with a one-sample
two-tailed T-test comparing the fraction of choices for the right
arm with the expected average of 0.5, comparable with the
approach used by, for example, Wadhera et al. (2017) and Marquez
et al. (2015).

We performed one sensitivity analysis (an analysis that was
designed after the results from the primary analysis were available)
for side preference: a binomial regression of all the choices on 12
individual trials per rat overall with an intercept-only model. This
generalized linear mixed model (GLMM) included rat number as
the subject variable, choice as the dependent variable (right arm as
the response, left arm as the reference), and individual trials as
repeated measures.

In the absence of an overall side preference, the presence of
pellet preference was tested with a one-sample two-tailed T-test
comparing the fraction of choices for Noyes formula P precision
pellets with the expected average of 0.5. We performed two
sensitivity analyses for pellet preference. The first is a two-tailed T-
test comparable with the main analysis excluding the two rats that
omitted trials. Our second sensitivity analysis was a binomial
regression of all the choices on 2 � 17 individual trials per rat
overall with an intercept-only model, comparable with the GLMM
(Noyes as the response, Bioserv as the reference) for side
preference.

With logistic regression, an intercept of 0 (the logit of 0.5) re-
flects a fraction of choices equal to 0.5. We report the output on the
logit scale as provided by SPSS.

Results

Side preference

One rat (rat 6) missed one trial, otherwise all trials were
completed. Of 12 trials, rats chose the right arm of the maze 1-10
times (range). All rats entered both arms at least once. The average
choice percentage for right versus left was 58.1 (� 7.4%). Side
preferencewas not statistically different from chance (T(9)¼ 1.1; P¼
0.30). The sensitivity analysis for the choices on the individual trials
showed similar results; the intercept was 0.32 (95% confidence
interval [CI] �0.25�0.89; P ¼ 0.27).
The number of rats choosing the left arm in the consecutive
trials is provided in Supplement Table S1. Choices made by indi-
vidual rats are provided in Supplement Table S2.

As the pellets were offered on both sides of the maze for each rat
on the subsequent test days, side preference was not taken into
account for further analyses.

Pellet preference

All rats completed all open trials (no doors) on both days of
pellet preference testing. One rat (rat 6) did not complete 11 trials
on day 4 of the experiment; all other rats completed all day 4 trials.
Two rats did not complete all trials on day 5: rat 5 missed 6 trials;
rat 6 missed 10 trials. Of 34 choice trials (over 2 days), rats chose
Noyes over Bioserv pellets 7-20 times (range). All rats chose Noyes
pellets at least 7 times and Bioserv pellets at least 6 times. Average
choice percentage for Noyes formula P precision pellets versus
Bioserv dustless precision pellets was 48.0% (� 2.2%). Pellet pref-
erence was not statistically different from chance (T(9) ¼ �0.91; P ¼
0.39). Our post hoc power to determine a 10% difference in the
fraction of choices for Noyes pellets from the theoretical 50% with
an a ¼ 0.05 was 0.98 (determined with GPower 3.1 for a two-tailed
T-test [one sample case; difference from constant], based on the
observed standard deviation).

The first sensitivity analysis excluding rat 5 and 6 (the two rats
not completing all trials) showed similar results (average choice
percentage for Noyes: 47% (� 2.7%); T(7) ¼ �0.96; P ¼ 0.37). The
second sensitivity analysis for the choices on the individual trials
also showed similar results; the intercept was �0.096 (95%
CI �0.269�0.077; P ¼ 0.28).

Choices made by individual rats are provided in Supplement
Tables S3 and S4.

Discussion

Here, we show that male Wistar rats do not have a statistical
preference for either Bioserv dustless precision pellets or Noyes
formula P precision pellets when both of them are provided in a T-
maze choice test on two subsequent days. This is the first study
directly comparing these reward pellet types in a T-maze; there is
no sign of a difference in preference.

The only other study that we are aware of that directly compared
these two commonly used pellet types is the study by Baum (1991).
While his n ¼ 4 study is most likely underpowered, he concluded
that overall the Noyes and Bioserv pellets were preferred equiva-
lently by male hooded Long-Evans rats, using variable interval
operant tests. The present study found no overall preference for
Noyes or Bioserv pellets in male Wistar rats in a T-maze, with a
power of 0.98 for a 10% difference. Our sensitivity analyses are
consistent with our main analyses. While the number of rats tested
may be considered low, which could result in increased chances of a
type-II error, we are confident that there is no difference in pref-
erence between Noyes and Bioserv pellets because of the high (post
hoc determined) power, the consistency of the planned and sensi-
tivity analyses, and the absence of clear pellet preferences in indi-
vidual rats (Supplementary Tables 1 and 3).

Of note, Baum (1991) suggested that under certain circum-
stances, differences between these pellet types may occur because
1) the pellets can clearly be distinguished by sight, smell, and taste;
2) the BioServ pellets soften more than the Noyes pellets during
use; and 3) three of his four rats possibly showed a minimal pref-
erence for BioServ pellets. In Baum’s study, high humidity softened
the pellets, and they were occasionally crushed in the dispenser. In
our experiment, we used pellets straight from the airtight con-
tainers provided by the suppliers, in a humidity-controlled
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laboratory. The pellets can be distinguished by smell and taste, but
rats did not show a clear preference for one over the other. Because
humidity may affect the preference and the rewarding value of
pellets, for future studies, we recommend reporting of the type of
food storage and the frequency of replacement in home cages and
automated dispensers.

We are unaware of studies comparing rodent preference for
commercially available pellet types on a T-maze or otherwise, other
than the already discussed studies by Baum (1991) and van der
Plasse et al. (2007). Of note, searching for preference tests using
the T-maze paradigm in PubMed is challenging, as no Medical
Subject Heading is available for the T-maze paradigm. Searching for
“maze learning” results in many irrelevant hits, mainly for the
Morris water maze, the elevated plus maze, and the radial maze. In
Embase, the Emtree term “T-maze test” combined with the Emtree
term “food preference” only resulted in 2 hits (09 April 2018)
(Al’bertin, 2018, Correa et al., 2016). In PsycInfo, the combined
psychological index terms “T mazes” and “Food Preferences” only
resulted in one hit (December 2018) (Buckley et al., 2011). Because
of these challenges in searching, our discussion of the literature on
food preference testing using T-mazes may be incomplete.

Strengths of our design are first, the high power, second, the a
priori confirmation that on average rats did not show side prefer-
ence before pellet preference testing, and third, the fully crossed
design counterbalancing for possible confounders. Our sensitivity
analyses were consistent with the main analyses. The GLMM
modeling approach used in two of them has an advantage over the
T-test for a fraction; all available individual trial data are used in the
analyses. Besides, for larger studies, this type of approach allows for
including additional predictors.

A weakness in our design is the lack of blinding of the experi-
menter who handled the rats and operated the doors. While we did
not have a priori assumptions on rat preference for either type of
pellet, unconscious bias could have affected the results. We do not
find a preference for either pellet type. Another weakness in our
data is the number of omissions; rat 5 and 6 did not complete all
trials. As these rats did complete the first trials of each session,
indicating that they did understand the task and were willing to
start, this is most likely due to a lack of motivation to work for food.
Excluding these data from the analyses did not alter our results.

A restriction to the external validity of these data arises from
using male rats only; we cannot extrapolate to female rats with
certainty. As common in the neurosciences, at the time, our labo-
ratory exclusively used male animals. Unfortunately, restricting to
male animals still seems common practice in recent T-maze ex-
periments (Al’bertin, 2018, Correa et al., 2016, Fatahi et al., 2018,
Karimi et al., 2017, Wadhera et al., 2017, Yohn et al., 2017). Many
scientists argue that using male animals only is preferable because
they lack an estrous cycle and are therefore less variable in their
physiology and behavior. For mice, this can no longer be defended,
as a meta-analysis of 293 studies shows that variability in behav-
ioral, morphological, physiological, and molecular traits was not
significantly greater in females than in males (Prendergast et al.,
2014). For future experiments, we highly recommend a mixture
of both sexes.

No difference in preference was observed between Noyes for-
mula P precision pellets and Bioserv dustless precision pellets in
male rats from two stocks as shown in two separate studies from
two unrelated groups. For studies in male rats, data from experi-
ments using either pellet type can be pooled for analyses if the
study has used a well-balanced design. While changing from one
type to the other cannot be recommended within subjects because
unfamiliarity may affect the results, changing pellet type between
subjects (between experiments or within long-running experi-
ments) should not affect study outcomes.
While these findings remain to be confirmed for female rats and
for other species, to the authors, careful extrapolation of the find-
ings seems reasonable. As long as a counterbalanced experimental
design has been used, repeating measurements or even entire ex-
periments when changing from one of these pellet types to the
other is thus not necessary. Whenever possible, repetition of ex-
periments should be avoided to reduce both the number of
experimental animals used and the waste of research resources.
Acknowledgments

Publication of these results was funded by The Netherlands Or-
ganization for Health Research and Development (ZonMW), pro-
grammore knowledgewith less animals; open access publication of
negative data, project 40-42600-98-213, and by the Netherlands
Organization of Scientific Research (NWO), program responsible
innovation, project 313-99-310. Material costs were funded by
NWO, program cognition, integrated research project 051-04-010.

The authors would like to thank Dr. M.G.P. Feenstra for
reviewing a preceding version of this article.

Authors’ contributions: C.H.C.L. designed the experiment.
E.G.M.P. performed the experiment. R.N.J.M.A.J. and C.H.C.L. super-
vised the experiment. C.H.C.L. and E.G.M.P. analyzed the data.
C.H.C.L. and M.R.H. interpreted the data and wrote the manuscript,
which R.N.J.M.A.J. and E.G.M.P. reviewed.

The data set generated and analyzed during the present study is
fully provided in this article and the corresponding supplement.
Conflict of Interest

The authors declare that they do not have any competing
interests.
Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jveb.2019.01.007.
References

Acevedo-Triana, C.A., Rojas, M.J., Cardenas, P.F., 2017. Running wheel training does
not change neurogenesis levels or alter working memory tasks in adult rats.
PeerJ 5, e2976.

Al’bertin, S.V., 2018. Effects of stimulation of the dopaminergic system of the brain
on food preference in rats. Neurosci. Behav. Physiol. 48, 174e179.

Baum, W.M., 1991. Equivalence of two manufacturers’ precision food pellets for rats.
Behav. Res. Methods Intstrum. Comput. 23, 370e372.

Berridge, K.C., Robinson, T.E., 2003. Parsing reward. Trends Neurosci 26, 507e513.
Buckley, L.A., Sandilands, V., Tolkamp, B.J., D’eath, R.B., 2011. Quantifying hungry

broiler breeder dietary preferences using a closed economy T-maze task. Appl.
Anim. Behav. Sci. 133, 216e227.

Capaldi, E.J., Alptekin, S., Miller, D.J., Barry, K., 1992. The role of instrumental re-
sponses in memory retrieval in a T-maze. Q. J. Exp. Psychol. B 45, 65e76.

Capaldi, E.J., Miller, D.J., Alptekin, S., 1989. Multiple-food-unit-incentive effect:
nonconservation of weight of food reward by rats. J. Exp. Psychol. 15, 75e80.

Cohen, J., Gotthard, G.H., 2011. Extinction of appetitive learning is disrupted by
cycloheximide and propranolol in the sand maze in rats. Neurobiol. Learn. Mem.
95, 484e490.

Cooper, J.J., Mason, G.J., 2001. The use of operant technology to measure behavioral
priorities in captive animals. Behav. Res. Methods Intstrum. Comput. 33, 427e
434.

Correa,M., Pardo,M., Bayarri, P., López-Cruz, L., SanMiguel, N., Valverde, O., Ledent, C.,
Salamone, J.D., 2016. Choosing voluntary exercise over sucrose consumption
depends upon dopamine transmission: effects of haloperidol in wild type and
adenosine A₂AKO mice. Psychopharmacology (Berl) 233, 393e404.

Denk, F., Walton, M.E., Jennings, K.A., Sharp, T., Rushworth, M.F., Bannerman, D.M.,
2005. Differential involvement of serotonin and dopamine systems in cost-
benefit decisions about delay or effort. Psychopharmacology (Berl) 179, 587e
596.

D1awichowska, E., Lukaszewska, I., 1986. Effects of atropine on response-to-change.
Acta Neurobiol. Exp. (Wars) 46, 1e9.

https://doi.org/10.1016/j.jveb.2019.01.007
https://doi.org/10.1016/j.jveb.2019.01.007
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref1
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref1
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref1
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref2
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref2
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref2
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref3
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref3
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref3
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref4
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref4
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref5
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref5
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref5
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref5
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref6
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref6
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref6
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref7
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref7
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref7
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref8
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref8
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref8
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref8
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref9
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref9
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref9
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref10
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref10
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref10
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref10
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref10
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref11
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref11
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref11
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref11
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref12
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref12
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref12
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref12


C.H.C. Leenaars et al. / Journal of Veterinary Behavior 31 (2019) 22e27 27
Evenden, J., Ko, T., 2007. The effects of anorexic drugs on free-fed rats responding
under a second-order FI15-min (FR10:S) schedule for high incentive foods.
Behav. Pharmacol 18, 61e69.

Fatahi, Z., Sadeghi, B., Haghparast, A., 2018. Involvement of cannabinoid system in
the nucleus accumbens on delay-based decision making in the rat. Behav. Brain
Res. 337, 107e113.

Habedank, A., Kahnau, P., Diederich, K., Lewejohann, L., 2018. Severity assessment
from an animal’s point of view. Berl. Munch. Tierarztl. Wochenschr, 1e17.
Available at: https://vetline.de/severity-assessment-from-an-animals-point-of-
view/150/3216/108430.

Hernandez-Lallement, J., Van Wingerden, M., Marx, C., Srejic, M., Kalenscher, T., 2014.
Rats prefer mutual rewards in a prosocial choice task. Front. Neurosci. 8, 443.

Karimi, S., Mesdaghinia, A., Farzinpour, Z., Hamidi, G., Haghparast, A., 2017. Reversible
inactivation of the lateral hypothalamus reversed high reward choices in cost-
benefit decision-making in rats. Neurobiol. Learn. Mem. 145, 135e142.

Kirkden, R.D., Pajor, E.A., 2006. Using preference, motivation and aversion tests to ask
scientific questions about animals’ feelings. Appl. Anim. Behav. Sci. 100, 29e47.

Leenaars, C.H., Girardi, C.E., Joosten, R.N., Lako, I.M., Ruimschotel, E.,
Hanegraaf, M.A., Dematteis, M., Feenstra, M.G., Van Someren, E.J., 2013.
Instrumental learning: an animal model for sleep dependent memory
enhancement. J. Neurosci. Methods 217, 44e53.

Leenaars, C.H., Zant, J.C., Aussems, A., Faatz, V., Snackers, D., Kalsbeek, A., 2016. The
Leeds food preference questionnaire after mild sleep restriction - a small
feasibility study. Physiol. Behav. 154, 28e33.

Marquez, C., Rennie, S.M., Costa, D.F., Moita, M.A., 2015. Prosocial choice in rats depends
on food-seeking behavior displayed by recipients. Curr. Biol. 25, 1736e1745.

Marquis, J.P., Goulet, S., Dore, F.Y., 2008. Dissociable onset of cognitive and moti-
vational dysfunctions following neonatal lesions of the ventral hippocampus in
rats. Behav. Neurosci. 122, 629e642.

Mayeux-Portas, V., File, S.E., Stewart, C.L., Morris, R.J., 2000. Mice lacking the cell
adhesion molecule Thy-1 fail to use socially transmitted cues to direct their
choice of food. Curr. Biol. 10, 68e75.
Mendelson, J., 1966. Role of hungger in T-maze learning for food by rats. J. Comp.
Physiol. Psychol. 62, 341e349.

Naqshbandi, M., Feeney, M.C., Mckenzie, T.L., Roberts, W.A., 2007. Testing for
episodic-like memory in rats in the absence of time of day cues: replication of
Babb and Crystal. Behav. Processes 74, 217e225.

Nocjar, C., Hammonds, M.D., Shim, S.S., 2007. Chronic lithium treatment magnifies
learning in rats. Neuroscience 150, 774e788.

Prendergast, B.J., Onishi, K.G., Zucker, I., 2014. Female mice liberated for inclusion in
neuroscience and biomedical research. Neurosci. Biobehav. Rev. 40, 1e5.

Salvetti, B., Morris, R.G., Wang, S.H., 2014. The role of rewarding and novel events in
facilitating memory persistence in a separate spatial memory task. Learn. Mem.
21, 61e72.

Sanchez-Santed, F., De Bruin, J.P., Heinsbroek, R.P., Verwer, R.W., 1997. Spatial
delayed alternation of rats in a T-maze: effects of neurotoxic lesions of
the medial prefrontal cortex and of T-maze rotations. Behav. Brain Res. 84,
73e79.

van den Bos, R., Jolles, J., van der Knaap, L., Baars, A., de Visser, L., 2012. Male and
female Wistar rats differ in decision-making performance in a rodent version of
the Iowa gambling task. Behav. Brain Res. 234, 375e379.

van der Kooij, M.A., Ohl, F., Arndt, S.S., Kavelaars, A., van Bel, F., Heijnen, C.J., 2010.
Mild neonatal hypoxia-ischemia induces long-term motor- and cognitive im-
pairments in mice. Brain Behav. Immun. 24, 850e856.

van der Plasse, G., La Fors, S.S., Meerkerk, D.T., Joosten, R.N., Uylings, H.B.,
Feenstra, M.G., 2007. Medial prefrontal serotonin in the rat is involved in goal-
directed behaviour when affect guides decision making. Psychopharmacology
(Berl) 195, 435e449.

Wadhera, D., Wilkie, L.M., Capaldi-Phillips, E.D., 2017. The rewarding effects of
number and surface area of food in rats. Learn. Behav. 46, 242e255.

Yohn, S.E., Alberati, D., Correa, M., Salamone, J.D., 2017. Assessment of a glycine
uptake inhibitor in animal models of effort-related choice behavior: implica-
tions for motivational dysfunctions. Psychopharmacology (Berl) 234, 1525e
1534.

http://refhub.elsevier.com/S1558-7878(18)30218-1/sref13
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref13
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref13
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref13
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref14
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref14
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref14
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref14
https://vetline.de/severity-assessment-from-an-animals-point-of-view/150/3216/108430
https://vetline.de/severity-assessment-from-an-animals-point-of-view/150/3216/108430
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref16
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref16
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref17
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref17
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref17
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref17
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref18
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref18
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref18
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref19
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref19
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref19
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref19
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref19
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref20
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref20
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref20
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref20
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref21
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref21
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref21
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref22
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref22
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref22
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref22
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref23
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref23
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref23
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref23
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref24
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref24
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref24
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref25
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref25
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref25
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref25
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref26
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref26
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref26
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref27
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref27
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref27
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref28
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref28
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref28
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref28
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref29
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref29
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref29
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref29
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref29
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref30
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref30
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref30
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref30
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref31
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref31
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref31
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref31
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref32
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref32
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref32
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref32
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref32
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref33
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref33
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref33
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref34
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref34
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref34
http://refhub.elsevier.com/S1558-7878(18)30218-1/sref34

	Wistar rats do not show preference for either of two commonly used nutritionally sound food rewards in a T-maze
	Introduction
	Materials and methods
	T-maze and habituation
	Side preference
	Pellet preference
	Statistical analysis

	Results
	Side preference
	Pellet preference

	Discussion
	Acknowledgments
	Conflict of Interest
	Supplementary data
	References


