
Physiology & Behavior 95 (2008) 649–657

Contents lists available at ScienceDirect

Physiology & Behavior

j ourna l homepage: www.e lsev ie r.com/ locate /phb
Access conditions affect binge-type shortening consumption in rats

F.H.E. Wojnicki, D.S. Johnson, R.L.W. Corwin ⁎
The Pennsylvania State University, Nutritional Sciences Department, 126 S. Henderson, University Park, PA, 16802, USA
⁎ Corresponding author. The Pennsylvania State Uni
Human Development, Nutritional Sciences Department
Park, PA 16801, USA. Tel.: +1 814 8654 6519; fax: +1 814

E-mail address: rxc13@psu.edu (R.L.W. Corwin).

0031-9384/$ – see front matter © 2008 Elsevier Inc. Al
doi:10.1016/j.physbeh.2008.09.017
a b s t r a c t
a r t i c l e i n f o
Article history:
 When non-food-deprived r

Received 22 February 2008
Received in revised form 1 September 2008
Accepted 18 September 2008

Keywords:
Animal models
Behavioral models
Binge eating
Dietary fat
Eating disorders
High-fat diet
Intermittent access
Limited access
ats are given intermittent access to certain substances, consumption of those
substances is greater thanwhenmore frequent access isprovided. Thepresent studyexamined the effects of three
different shortening access conditions on subsequent shortening intake in rats. Each of the three different
shortening conditions lasted five weeks and was followed by a five-week period inwhich shortening access was
limited by time (1 h of availability) on either an Intermittent (Monday, Wednesday, Friday) or Daily schedule of
access. In Part 1, limiting the quantity of shortening provided during the 1-h period of availability attenuated
subsequent 1-h shortening intake in the Intermittent access group, but had no statistically significant effect in the
Daily access group. In Part 2, unrestricted availability of shortening (24 h/day–7 days/week) attenuated
subsequent 1-h shortening intake in all groups. In Part 3, shortening non-availability for five weeks enhanced
subsequent 1-h shortening intake in all groups. It was also shown that rats under an Intermittent, but not a Daily,
schedule of access consumed as much shortening during a 1-h period of availability, as was consumed in 24 h
when shortening availability was unrestricted. These results demonstrate that while intermittent access is
necessary and sufficient to stimulate binge-type eating in rats, the behavioral history can modulate binge size.

© 2008 Elsevier Inc. All rights reserved.
1. Introduction

A considerable body of research has shown that behavior directed
toward consuming various foods is increased when the time during
which those foods are available is decreased. For example, non-food-
deprived rats drink more of a 1.5% w/v saccharin solution or 20% w/v
alcohol during a 24-h period when provided every other day than
when provided on a continuous basis [1,2]. The frequency of dipper
presentations and the duration of drinking bouts for 10% alcohol
increase when the number of access periods each day is reduced [3].
Other research has also shown that non-food-deprived rats consume
more of an optional fat (binge) during a 1–2-h period of access when it
is provided intermittently on Mondays Wednesdays and Fridays
(MWF) [4–8] or every third day [9] than when it is provided daily for
1–2 h. “Bingeing” is operationally defined as Intermittent 1-h short-
ening intakesNDaily 1-h shortening intakes in these studies, based
upon the DSM-IV criterion of consumingmore in a brief period of time
than is normally consumed during a similar period of time and under
similar circumstances [10]. Only access to the fat is limited; chow and
water are always freely available, i.e. the rats are never food-deprived
[4–8]. Furthermore, body weight and body fat do not differ between
versity, College of Health and
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binge rats and chow-fed controls [4]. Similar results have also been
obtained for various concentrations of liquid sucrose [11]. The use of
intermittent limited access has beenproposed as a behavioralmodel of
binge-type eating with good construct and face validity [12]. Recent
research suggests the predictive validity of this approach, as well [13].

All of the above studies increase consumption by restricting the time
duringwhich the ingestant is available. Time-limited procedures do not
promote cumulative overconsumption; rather, they promote brief bouts
of excessive intake, i.e. bingeing. This is different fromprotocols inwhich
extended access (long session duration) promotes cumulative over-
consumption, such as that reported for certain drugs of abuse [14], or for
fat, in which extended access induces hyperphagia and obesity [15].
Extended access (12 h vs. 30 min) also has been reported to increase
operant responding for sugar [16]. In short, consumption of a variety of
items can be modulated by maintaining a constant session duration
while altering session frequency (3 times a day, daily, every other day,
etc.), or by altering session duration and keeping session frequency
constant. Both of these approaches involve alterations in the timeduring
which some commodity is provided.While time-related access has been
extensively studied, the effect of limiting the amount provided has not.

Limitation of the quantity available has relevance to the incorpora-
tion of “forbidden foods” into the diet [17]. “Forbidden foods” are
typically high in fat and those who are trying to lose weight often
restrict access to these foods. However, these foods are consumed in
large quantities during a binge. The forbidden foods hypothesis of
human bingeing suggests that these two conditions are related, i.e. the
foods upon which people binge are those to which they have limited
their own access [17]. Websites available to the public suggest that
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incorporation of forbidden foods into the diet will produce “normal”
eating patterns, but such ideas have not been subjected to controlled
experiments to our knowledge. Would occasional consumption of
small quantities of forbidden foods protect against the subsequent
development of binge eating? Conversely, would “nibbling” on
forbidden foods throughout the day protect against subsequent
bingeing? The present study addressed these questions using an
established rat model of binge-type eating. The effects of both time-
limited and quantity-limited access to fat on subsequent binge-type
consumption of fat are reported.

2. General methods

2.1. Overall design

There were three 10-week parts each consisting of two 5-week
sub-parts (Table 1). In the “A” sub-parts, access to shortening was
manipulated in different ways; in the “B” sub-parts, our standard
limited access protocols (Intermittent or Daily 1-h access to short-
ening) were in place. The goal was to determine the effects of the
various access manipulations (Parts 1A, 2A, and 3A) on subsequent
binge-type intake (Parts 1B, 2B, and 3B).

2.2. Animals

Fifty male Sprague Dawley rats (Harlan, Indianapolis, IN), 60 days
of age and weighing 268–307 g (280.7±5.6) at the start of the study,
were individually housed in hanging stainless steel wire cages in a
temperature- and humidity-controlled environment placed on a 12:12
light:dark cycle. All rats were maintained on a nutritionally complete
commercial laboratory rodent chow (Laboratory Rodent Diet 5001,
PMI Feeds, Richmond IN; percent of energy as protein: 28.05%, fat:
12.14%, carbohydrate: 59.81%; 3.3 kcal/g). Chow and tap water were
available ad libitum throughout all parts of the study. The Pennsylva-
nia State University Institutional Animal Care and Use Committee
approved all procedures.

During thefirst twoweeks of adaptation to thevivarium, chow intake
was measured on a daily basis, body weights were determined three
times per week, and unrestricted access to solid vegetable shortening
(Crisco® All-Vegetable Shortening, J.M Smucker Co., Orrville, OH) was
provided during a single overnight period. Prior to the start of the
experiment, five groups of 10 rats each were matched by body weight,
average amount of chow consumed during three consecutive 24-h
periods, and the amount of shortening consumed during the overnight
access period [F(4,45)b1, NS for all]. The experimentalmanipulations for
each group are described in detail for each study, below.

2.3. Statistics

Bodymass-adjusted shortening intake (kcal/bodymass0.67; [18])was
used throughout. For Parts 1A, 1B, and 2A shortening intake was
analyzed using 3-way repeated measures ANOVA: [access schedule
Table 1
Shortening availability in each part

Part

1A 1B 2A 2B 3A 3B

Intermittent (I) TLa TL Continuous TL None TL
Intermittent (I-QL) QLb TL Continuous TL None TL
Daily (D) TL TL Continuous TL None TL
Daily (D-QL) QL TL Continuous TL None TL
No shortening (NS) None None None TL

Intermittent
None TL

Intermittent

a Time-limited (1-h access to full bowl).
b Quantity-limited (1-h access to 2 g).
(Daily, Intermittent)×amount of shortening available (full bowl,
2 g)×time (week)]. Differences among groups for each week were
assessed using pre-planned LS means comparisons, with a Bonferroni
correction applied (p=0.05/3 comparisons per group=0.0167). For
analyses of shortening intake involving the NS group (Parts 2B, 3A,
and 3B), as well as all analyses of total energy intake (shortening plus
chow) and body weight, 2-way ANOVAwas used [group×time (week)]
followed by Tukey's HSD post-hoc test. Differences among groups in
absolute body weights at the end of week 5 of each sub-part, body
weight change during each sub-part, total cumulative energy intake,
shortening intake for week 5 of each sub-part, percent protein by
weight, percent carbohydrate by weight, and percent fat (chow fat and
shortening) of each sub-part were determined using 1-way ANOVA
followed by Tukey's HSD.

3. Part 1

The goal of Part 1 was to determine the effects of quantity-limited
shortening consumption on subsequent quantity-unlimited short-
ening consumption, i.e. on binge-type consumption of shortening. The
quantity-limitation provided a way to limit access in the Intermittent
group to an even greater extent than the time-limited procedure
affords. In addition, it provided away to control for amount consumed
during the access period independent of the schedule of availability,
since the amount provided was that which Daily rats normally
consume. Chow and water were available ad libitum throughout the
study, i.e., the rats were never food-deprived. Only access to the
shortening was manipulated.

3.1. Methods — Part 1

3.1.1. Part 1A: quantity-limited access to shortening for some groups,
time-limited for all

For the first five weeks, two groups of rats (I, I-QL) were placed on
an intermittent schedule of access (Mondays, Wednesdays, and
Fridays) to shortening while two other groups were placed on a daily
schedule of access (D, D-QL). For all four groups, shortening availability
was time-limited to 1 h. For one of the Intermittent groups (I) and one
of the Daily groups (D), the quantity of shortening provided during the
1-h period of availability was unlimited. That is, the I and D groups
received a full bowl during the 1-h period. For the other Intermittent
and Daily groups (I-QL and D-QL, respectively) the quantity of
shortening provided during the 1-h period was limited to ~2 g (2.0–
2.2 g) in that previouswork indicated that thiswas the average amount
typically consumed by groups with 1–2 h of Daily time-limited access
to a full bowl of shortening [4–8]. The goalwas to “clamp” intake to that
normally consumedbyDaily rats. In thisway, rats in the I-QL, D-QL, and
D groupswould consume the same amount of shorteningwithin the 1-
h period, regardless of the schedule of availability. Thiswould allow for
any effects of the Intermittent or Daily schedules to be determined
independent of the amount consumed.

A fifth group of rats (NS) had no shortening access.

3.1.2. Part 1B: quantity-unlimited and time-limited shortening access
During the next five-week period, access to shortening was limited

by time (1 h), but not by amount. That is, all four groups (I, I-QL, D, D-QL)
were given a full bowl of shortening (quantity-unlimited) during the 1-h
period of shortening availability under their respective schedules of
access. The NS group again had no access to shortening.

3.2. Results — Part 1

3.2.1. Part 1A

3.2.1.1. Shortening. Duringeachweekof the initial 5weeks, the I group
consumed significantly more shortening (LS Means, p 0.0167) during the



Fig. 1. Average shortening intake (kcal/body weight 0.067) during the 1-h period that it
was available for each week of Part 1. Part 1A: Shortening access was quantity-unlimited
(rats received a full bowl) in the I and D groups, but was quantity-limited (rats received
2 g) for the I-QL and D-QL groups. Part 1B: Shortening access was time-limited and
quantity-unlimited for all groups. Group designations: D = Daily, I = Intermittent, QL =
limited quantity of shortening available during Part 1A. Different letters indicate
significant differences among the groups within each week.
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1-h period of availability than did any other group, and there were no
differences among the I-QL, D, and D-QL groups (Fig. 1, left panel). There
were main effects of access schedule (F(1,36)=32.05, p 0.0001), amount
of shortening available (F(1,36)=86.08, p 0.0001), and an interaction
between access schedule and amount (F(1,36)=35.78, p 0.0001). There
was also a main effect of week (F(4,144)=18.22, p 0.0001), and
interactions between week and access schedule (F(4,144)=13.37,
p 0.0001), between week and amount (F(4,144)=22.25, p 0.0001), and
among week, access schedule, and amount (F(4,144)=11.61, p 0.0001).
These results are consistentwithprevious research [4–8] showing that an
intermittent access schedule stimulates fat intake relative to adailyaccess
schedule across a period of several weeks, i.e. rats with intermittent
access gradually develop binge-type behavior.

The absolute (not body mass-adjusted) average 1-h shortening
intakes during week 5 of Part 1A for all of the groups are shown in
Table 2.

3.2.1.2. Total energy intake, body weight. In spite of the differences
in shortening intake among the groups with access to shortening, the
total energy intake (chow+shortening or chow alone) and body
weights did not differ at any week among the I, I-QL, D, D-QL and NS
groups (Tukey's HSD, NS). This was due to reductions in chow intake
among the groups with shortening access (data not shown). Weight
gain of all of the groups was not statistically different from that of the
NS group. The macronutrient composition of the diets, although
different among the groups, was sufficient to support growth (at least
150 g pro/kg diet, i.e. 15% protein byweight) in all groups as defined by
the National Research Council. (Table 2) [19].
Table 2

Part Group Body weight week 5
(g) (SE +/−)

Body weight change
(g) (SE +/−)

Total 5-week energy
(kcal) (SE +/−)

1-h shorten
5 (kcal) (SE

1A
I 416.5 (7.1) 70.3 A,B (3.0) 2984.5 (60.5) 67.3 A (3.3
I-QL 424.0 (6.3) 82.1 A (2.3) 3039.4 (36.0) 18.5 B (0.5
D 415.2 (7.0) 68.7 B (1.8) 2947.7 (55.6) 25.6 B (3.4
D-QL 421.0 (9.7) 80.1 A,B (5.0) 2947.1 (68.7) 18.0 B (0.4
NS 418.4 (7.9) 70.3 A,B (3.0) 2970.3 (59.2)

1B
I 458.2 (8.2) 46.7 A,B (2.6) 2865.6 (51.4) 56.2 A (4.4
I-QL 469.2 (7.7) 49.5 A,B (2.3) 2985.9 (31.4) 39.4 B (4.6
D 455.9 (9.3) 43.0 A,B (3.6) 2826.8 (50.0) 22.4 C (2.6
D-QL 468.7 (10.9) 52.7 A (2.4) 2970.7 (74.9) 32.7 B,C (4
NS 455.8 (8.6) 40.5 B (2.1) 2876.7 (50.7)
3.2.2. Part 1B

3.2.2.1. Shortening. During the second 5-week period, access to
shortening was time-limited only (full bowl provided for 1 h) for the I,
I-QL, D, and D-QL groups (Fig. 1, right panel). The NS group did not
receive any shortening during this part of the study. There was a main
effect of access schedule [F(1,36)=35.79, p 0.0001], and an interaction
between access schedule and amount [F(1,36)=13.97, p 0.0006]. There
was also amain effect of week [F(4,144)=7.37, p 0.0001], an interaction
between week and access schedule [F(4,144)=2.77, p 0.0296], and
interactions among week, access schedule, and amount [F(4,144)=
2.99, p 0.0208]. The main effect of access schedule, and the interaction
between access schedule and amount are accounted for by the fact
that the I group consumed significantly more shortening than did any
other group during this five-week period (LS Means, p 0.0167), except
for weeks 2 and 3, in which there was no difference between the I and
I-QL groups (Fig. 1, right panel). In addition, the shortening intakes of
both the I and I-QL groups were always significantly greater than was
that of the D group (LS Means, p 0.0167). The shortening intake of the
I-QL and D groups did not differ statistically from that of the D-QL
group during any of the five weeks.

Average absolute shortening intakes during the 1-h period of
availability during week 5 of Part 1B are shown in Table 2. The range of
total cumulative dietary fat as a percentage of total cumulative energy
intake during Part 1B for each of the groups was as follows: I: 38.4–
41.3%; I-QL: 30.6–31.8%; D: 34.5–37.7%; and D-QL: 43.8–47.8%. The
generally higher percentages of the D and D-QL groups were because
these groups had access to shortening every day, while the I and I-QL
groups only had access three days a week.

3.2.2.2. Total energy intake, body weight. Total energy intake was
affected byaccess schedule [F(4,45)=2.83,p0.0355] andweek [F(4,180)=
133.79, p 0.0001]. In addition, access and week interacted [F(16,80)=
2.07, p 0.014]. These effects were due to the significantly greater intakes
of the I-QL and D-QL groups during the first week of Part 1B, relative to
the D group (p 0.05, Tukey's HSD). Intakes did not differ among the
groups (I, I-QL, D, D-QL, NS) at any other time, nor did total cumulative
energy intake differ among the groups (Table 2). Body weights also did
not differ among the groups at any time (week 5 weights shown in
Table 2). However, the D-QL group gained more weight than did the NS
group during Part 1B (p 0.05, Tukey's HSD) (Table 2). Themacronutrient
composition of thediets expressed as percentweight, althoughdifferent
among the groups, was sufficient to support growth (at least 150 g pro/
kg diet) in all groups. (Table 2) [19].

3.3. Discussion — Part 1

The effects of limiting the quantity of shortening provided during
the 1-h period of availability (I-QL and D-QL groups) in Part 1A were
not surprising, in that limiting the quantity artificially restricted
shortening consumption. Furthermore, the manipulation of limiting
ing week
+/−)

Percent 5-week protein
by weight (SE +/−)

Percent 5-week carbohydrate
by weight (SE +/−)

Percent 5-week fat
by weight (SE +/−)

) 20.7% B,C (0.19%) 43.2% B,C (0.39%) 15.7% A,B (0.76%)
) 22.6% A (0.03%) 47.4% A (0.06%) 7.6% C (0.12%)
) 20.2% C(0.47%) 42.3% C (0.97%) 17.6% A (1.90%)
) 21.4% C (0.07%) 44.8% B (0.15%) 12.8% B (0.29%)

23.4% B 49.0% A 4.5% C

) 20.0% B,C (0.26%) 42.0% B,C (0.54%) 18.2% A,B (1.05%)
) 21.2% B (0.29%) 44.4% B (0.61%) 13.5% B (1.19%)
) 20.5% B (0.40%) 43.0% B (0.83%) 16.3% B (1.62%)
.6) 18.8% C (0.70%) 39.3% C (1.46%) 23.47% A (2.85%)

23.4% A 49.0% A 4.5% C
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the quantity was successful; the rats in the I-QL group consumed as
much as did the D and D-QL groups, but were maintained on the same
schedule of availability (Monday, Wednesday, Friday) as was the I
group.

Limiting the quantity of shortening provided during the 1-h period
demonstrated that quantity-limited shortening intake reduces sub-
sequent quantity-unlimited (binge) intake under an intermittent
schedule of access in rats when shortening is available for 1 h. That is,
the quantity-limited history (I-QL group) reduced subsequent binge
size relative to the quantity-unlimited history (I group). Since the I-QL
shortening intakes were less than those of the I group during most
weeks of Part 2B, it can be said that the quantity-limited history
attenuated subsequent binge size. However, since bingeing is
operationally defined as an intake greater than what normally
would be consumed in the same period, it can be said that the I-QL
group still “binged” relative to the D group. This result indicates that
the intermittent access schedule is necessary as well as sufficient to
promote bingeing, but that binge size can be altered by different
behavioral histories (quantity-limited vs. unlimited). In short, not all
types of restriction promote bingeing to the same degree in this non-
food-deprived binge protocol.

The reasons for this effect are not known. Others have shown in rats
that access to sucrose during long periods (12 h) increases operant
responding for sucrose, whereas access to sucrose for short periods
(30 min) does not, an effect speculated to involve opioid and/or
dopaminergic actions [16]. In humans, eating small amounts of
chocolate is considered pleasant, and activates regions of the brain
that are different from those activated by eating large amounts of
chocolate, which is considered unpleasant [20]. Thus, different neuro-
modulators and different brain regions may be involved when intakes
are quantity-limited relative to when intakes are quantity-unlimited.
The fact that the subsequent effects of limiting the quantity were
sustained for such a long period of time indicates that the alterations
established by the quantity limiting procedure were quite strong.

In contrast to the results obtained with the intermittent access
schedule, the amount of shortening consumed under the daily access
schedule was not significantly affected by the quantity-limited history.
Although the shortening intake of the D-QL group was slightly greater
than that of the D group during Part 1B (quantity-unlimited), intakes of
the two groups were never statistically different. This is probably not
due to insufficiently limiting the quantity during Part 1A, as intakes of
the D-QL group were always slightly less thanwere the intakes of the D
group during the first five weeks when the quantity-limited condition
was in effect. This suggests that the intakes of theD-QL ratswere, indeed,
suppressed, i.e. the rats would have eaten slightly more if given the
opportunity to do so during Part 1A. In summary, the quantity-limited
history had a slight stimulatory effect on subsequent shortening
consumption in rats under the daily access schedule and an inhibitory
effect in rats under the intermittent access schedule, relative to quantity-
unlimited groups under their respective schedules of access. However,
relative to eachother, the shortening intakesof the I-QL andD-QLgroups
were not significantly different (see Fig. 1, right panel).

These results have potential relevance to clinical recommendations
in which the incorporation of preferred fatty foods into the diet is
advised to reduce craving for and bingeing on those foods. The present
results in rats suggest that occasionally eating small quantities of
highly preferred fatty foods may protect against subsequent bingeing
to some degree. Whether this would serve as an intervention once
bingeing is established cannot be determined from the present results,
since the quantity-limited procedurewas used in naïve rats, not in rats
with previously established binge behavior. In addition, since neither
of the Daily groups was subsequently placed onto the Intermittent
(binge) protocol, it remains to be seen whether or not daily exposure
to preferred foods would have the same protective effect. The present
results indicate that the D-QL procedure had slight stimulatory effects
on subsequent Crisco intake, when Daily time-limited access was
subsequently provided. Whether extended daily exposure would
reduce or stimulate intake under binge-inducing conditions (in this
case, intermittent access) remains to be determined. Previous research
from our group has shown that 2 weeks of exposure to a time-limited
D procedure in rats did not reduce subsequent binge behavior when
an Intermittent schedule of availability was subsequently introduced
(4, and unpublished results). Daily access for longer than 2 weeks,
which is then followed by Intermittent access, has not been examined.
Finally, whether the present results apply to humans, andwhether the
effects of quantity-limited access to one food would generalize to
other foods are not known.

4. Part 2

Previous reports indicate that high-fat feeding regimens reduce
satiety signaling [21–29] and increase intake of and preference for
fatty foods [30–32]. On the other hand, restricting access to palatable
foods is also thought to promote their subsequent overconsumption
[33]. The second part of the present study addressed the question of
whether a history of unrestricted access to shortening (24 h/day–
7 days/week) would alter subsequent shortening consumptionwhen a
time-limitation to shortening availability was again imposed. In short,
this part of the study sought to determine if a history of unrestricted
shortening access (time-unlimited and quantity-unlimited) would
alter subsequent binge size (time-limited and quantity-unlimited).

4.1. Methods

4.1.1. Part 2A: quantity-unlimited and time-unlimited (unrestricted)
shortening access

For thefirstfiveweeks of Part 2A, the same four groups of rats (I, I-QL,
D, D-QL) were provided unrestricted access to shortening (24 h/day,
7 days/week). The NS group again had no shortening access.

4.1.2. Part 2B: quantity-unlimited and time-limited shortening access
During the second five-week period, access to shortening was

limited by time, but not by amount. That is, all groups (I, I-QL, D, D-QL,)
were given a full bowl of shortening (quantity-unlimited) during the
1-h period of shortening availability (time-limited) under their
respective schedules of access. The NS group that had previously
beenmaintained on continuously available chow for the first 15 weeks
of the study was also provided time-limited access to shortening
(quantity-unlimited, 1 h) on the intermittent schedule. This manip-
ulation allowed for comparison of the groups that had a history of
shortening exposure (I, I-QL, D, D-QL) to the NS group that had no
history of shortening exposure.

4.2. Results — Part 2

4.2.1. Part 2A

4.2.1.1. Shortening. In general, shortening intake for all groups
during the five weeks of unrestricted (“24/7”) access was greatest
during the first week and then decreased and stabilized over the
subsequent four weeks (Fig. 2, left panel). There were main effects of
access schedule [F(1,36)=5.01, p 0.0314] and week [F(4,144)=329.34,
p 0.0001]. There also were interactions between week and access
schedule [F(4,144)=9.81, p 0.0001], as well as among week, access
schedule, and amount [F(4,144)=3.60, p 0.0079]. These results are
accounted for by the reductions in intake after week 1, as well as the
significant differences among the groups during the first week, but
lack thereof in subsequent weeks.

During the first week of unrestricted shortening access the I group
consumed significantly more shortening than did the D and D-QL
groups (LS Means p 0.0167), while the intake of the I-QL group did not
differ from any of the other groups (Fig. 2, left panel). During the next



Fig. 2. Average shortening intake (kcal/body weight 0.067) during the 24-h period (2A) or
1-h period (2B) that it was available for each week of Part 2. Part 2A: Shortening access
was unrestricted (available 24 h/day–7 days/week) for the I, I-QL, D, and D-QL groups.
Part 2B: Shortening access was time-limited and quantity-unlimited for all groups; the
NS (no shortening) group was maintained on the intermittent schedule. Group
designations and indications of significance are the same as Fig. 1.
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4 weeks there were no significant differences in the weekly average
amount of shortening consumed among any of the groups (Fig. 2, left
panel).

The absolute average 24-h shortening intakes duringweek 5 of Part
2A for all of the groups are shown inTable 3. During Part 2A the average
weekly total fat (shortening plus chow fat) intake for the I, I-QL, D, and
D-QL groups expressed as a percentage of total energy intake ranged
from 64.9% to 78.8%. The highest fat intake as a percentage of total
energy intakewas the greatest in thefirstweekof Part 2A (73.0–78.8%),
and lowest in week five (64.9–67.1%). Thus, the diets in Part 2A were
“high-fat” relative to what the rats previously had consumed.

4.2.1.2. Total energy (shortening plus chow). Differences in total
energy intake (shortening plus chow) during thefirstweek of the “24/7”
condition reflected the shortening intake (data not shown). Total energy
intake was influenced by the access history [main effect of schedule F
(4,45)=9.99, p 0.0001], as well as week [F(4,180)=335.62, p 0.0001]. In
addition, access andweek interacted [F(16,180)=26.93, p 0.0001]. These
effects were due to the reductions in intake across time, as well as
significant differences among the five groups (I, I-QL, D, D-QL and NS)
during the first week of Part 2A. Specifically, during week 1 of Part 2A,
the I group consumed significantly more, and the NS group significantly
less daily energy thanwas consumed by any other group (Tukey's HSD,
p 0.05). During week 2 of Part 2A, the I group continued to consume
more total energy than did D-QL and NS, with NS consuming less than I,
I-QL and D (Tukey's HSD, p 0.05). During weeks 3 through 5 there were
no differences in total energy intake among the groups.
Table 3

Part Group Body weight week 5
(g) (SE +/−)

Body weight change
(g) (SE +/−)

Total 5-week energy
(kcal) (SE +/−)

Shortening
(kcal) (SE +

2A 24 h
I 518.2 A,B (11.1) 55.0 A (6.5) 3525.7 A (102.5) 58.2 (4.0)
I-QL 528.9 A (6.6) 55.4 A (4.3) 3370.8 A,B (71.2) 53.1 (2.4)
D 500.2 A,B (10.8) 42.0 A (4.6) 3193.0 B,C (83.4) 51.1 (3.4)
D-QL 519.2 A,B (12.5) 45.2 A (2.9) 3223.2 B (43.9) 55.7 (2.7)
NS 482.6 B (8.5) 23.7 B (1.1) 2905.7 C (47.7)

2B 1 h
I 514.9 (11.5) −3.3 C (4.8) 2435.9 C (94.6) 48.1 B (3.6
I-QL 530.5 (9.0) 1.6 B,C (5.8) 2609.0 B,C (48.5) 39.2 B,C (4
D 509.8 (11.9) 9.6 B,C (3.5) 2622.6 B,C (52.0) 20.7 C (2.9
D-QL 536.0 (14.8) 17.1 A,B (3.5) 2734.2 B (83.4) 31.0 B,C (4
NS 514.4 (9.8) 31.8 A (3.1) 3071.7 A (61.3) 70.4 A (8.0
The macronutrient composition of the diets did not vary among
the groups that had access to shortening, but did differ from the chow-
maintained (NS) group. The macronutrient composition of the diets is
shown in Table 3. The percent dietary protein ranged from ~13–14%
(by weight) in the groups with access to shortening, a level well above
that required for weight maintenance in adult male rats (at least 50 g
pro/kg diet, i.e. 5% protein by weight) and close to that required for
growth (at least 150 g pro/kg diet, i.e. 15% protein by weight) (Table 3)
[19].

4.2.1.3. Body weight. While all of the groups with access to
shortening gained significantly more weight than did the NS group
during Part 2A (Tukey's HSD, p 0.05) (Table 3), the absolute body
weights did not differ among the I, I-QL, D and D-QL groups nor among
the I, D, D-QL and NS groups during any week of the five-week period.
The body weight of I-QL was significantly greater than that of NS
during weeks 2 through 5 (Tukey's HSD, p 0.05) for each week. Body
weights during week five are shown in Table 3.

4.2.2. Part 2B

4.2.2.1. Shortening. Following the five weeks of unrestricted access
to shortening, access to shortening was again time-limited and
quantity-unlimited (1 h, full bowl) for all groups under their
respective schedules of access for an additional five weeks (Fig. 2,
right panel). During this time, the NS group also had time-limited,
quantity-unlimited (1 h, full bowl) shortening availability under an
intermittent schedule of access (Monday, Wednesday, Friday). During
each week of this entire five-week period, the average 1-h shortening
intake of the NS group was greater than that of the other groups; NS
intake was statistically greater than that of all four other groups in
week 1 of Part 2B.

Since the NS group now had access to shortening, the shortening
intake data were analyzed using a 2-way ANOVA (group×time).
There were main effects of group [F(4,45)=7.61, pb0.0001] and week
[F(4,180) pb0.0001], as well as an interaction between group and
week [F(16,180)=2.95, p 0.0002]. These main effects and interactions
are in part the result of initial low shortening consumption during the
first week by the I, I-QL, D and D-QL groups, followed by increased
shortening intakes over the five-week period (Fig. 2, right panel).

The average 1-h absolute shortening intakes during week 5 of Part
2B for all of the groups are shown in Table 3. The percentage of energy
consumed as fat ranged from 21.4% to 44.2%. Total fat-derived energy
intake was lowest during week 1 (21.4–32%) and highest during week
five (31–44.2%) for all groups including the NS group.

4.2.2.2. Total energy (shortening plus chow). Total energy intake
(chow and shortening) reflected the shortening intake. That is, the NS
group consumed more energy than did any of the other groups
throughout the 5 weeks of Part 2B (Table 3). Intakes of NS were
week 5
/−)

Percent 5-week protein
by weight (SE +/−)

Percent 5-week carbohydrate
by weight (SE +/−)

Percent 5-week fat
by weight (SE +/−)

12.8% B (0.58%) 26.9% B (1.21%) 47.7% A (2.35%)
13.6% B (0.36%) 28.5% B (0.76%) 44.5% A (1.48%)
14.3% B (0.51%) 29.9% B (1.06%) 41.8% A (2.07%)
13.4% B (0.56%) 28.0% B (1.16%) 45.4% A (2.27%)
23.4% A 49.0% A 4.5% B

) 21.1% A,B (0.17%) 44.2% A,B (0.37%) 13.9% A,B (0.71%)
.9) 21.8% A (0.21%) 45.7% A (0.43%) 11.0% B (0.84%)
) 21.0% A,B (0.37%) 44.1% A,B (0.77%) 14.1% A,B (1.50%)
.7) 19.8% B (0.67%) 41.5% B (1.40%) 19.0% A (2.72%)
) 20.2% A,B (0.43%) 42.3% A,B (0.89%) 17.5% A,B (1.73%)
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significantly greater than that of all other groups during weeks 1–3,
significantly greater than that of I, I-QL and D during week 4, and
significantly greater than that of I and I-QL during week 5 (Tukey's
HSD, pb0.05). The I group consumed the least during Part 2B, with
total energy intakes being significantly less than those of NS and D
during weeks 1–3, and significantly less than D-QL during week 2
(Tukey's HSD, pb0.05). Overall, total energy intake was significantly
influenced by the access history [main effect of group F(4,45)=26.20,
pb0.0001] and week [F(4,180)=84.85, pb0.0001]. There also was a
group×week interaction [F(16,180)=13.73, pb0.0001].

The macronutrient composition of the diets is shown in Table 3.
Although different among the groups, dietary protein was sufficient
for growth and well above that required for weight maintenance in
adult male rats [19].

4.2.2.3. Body weight. Body weights did not differ among the groups
at any time during Part 2B. Body weight change, however, was
significantly affected by access schedule [F(4,45)=10.59, pb0.0001],
due to a loss of 3.3 g in the I group, and weight gains in the other
groups (Table 3). The NS group gained the most weight (31.8 g), a
change that was significantly greater than that of the I, I-QL and D
groups (−3.3, +1.6, +9.6 respectively) (Tukey's HSD, pb0.05). The D-QL
group gained 17.1 g, a change that was only significantly different from
that of the I group (Tukey's HSD, pb0.05).

4.3. Discussion — Part 2

Two new findings are reported in this part of the study. First, the I
group consumed more shortening during the first week of unrest-
ricted access in Part 2A than did any of the other groups. Second,
unrestricted access (“24/7”) to shortening (a high-fat diet) for five
weeks significantly attenuated subsequent shortening intake in all
groups relative to control rats with no history of shortening
availability.

The first new finding is that the I group consumed more fat under
unrestricted access conditions during the first week of Part 2A than
did the other groups. Increased consumption under conditions of
extended access is considered one measure of “loss of control” in rat
models of addiction-like behavior for drug [34]. The present results
suggest that a history of intermittent bingeing can promote a similar
type of phenomenon for fat. Whether the elevated intakes of the I rats
were due to their behavioral history (e.g. ‘gorging’) or to the protocol
history (e.g. not having one's intake restricted during the period of
availability coupled with intermittent access) cannot be determined
from the present findings. Body weights did not differ among the
groups at the start of Part 2A, suggesting that effects of differential fat
cell-mediated satiety signals such as leptin probably do not account
for the food intake differences during the first week. Although
differences in body fat were not assessed, previous work showed no
difference in body fat in male rats maintained on similar protocols and
chow-fed controls [4]. The differential intakes in Part 2A were
temporary; by the second week of unrestricted access intakes for all
groups decreased and significant differences among the groups were
no longer seen. Regardless, it is clear that the history of the I group had
potent effects for the first week when extended access was provided.

The second new finding reported here is that a significant
reduction in shortening intake occurred in Part 2B in the groups
that previously had five weeks of unrestricted shortening access
(time- and quantity-unlimited) in Part 2A where fat constituted 65–
79% of the daily energy intake in all of the groups. The reductions in
intake were large enough that weight gainwas reduced in three of the
groups, and the I group actually lost weight. The results obtained in
Part 2B stand in contrast to the results of other studies that report an
increase in fat consumption (reduced satiety signaling) after exposure
to a high-fat diet (65–70% of the daily energy intake). Several other
investigators have reported that high-fat diets result in a greater
acceptance of and preference for fatty foods and for flavors associated
with intestinal fat infusions, as well as an inhibition of satiety
signaling. For instance, it was found that rats maintained on high-fat
diets consumed more fats, fat-like substances, and high-fat food (corn
oil, safflower oil, olive oil, lard, Vaseline, coconut oil, and chocolate)
than did rats maintained on a high carbohydrate diet [30]. Another
study [31] reported increased consumption of a high-fat ‘snack’ in rats
maintained on a high-fat diet, relative to rats maintained on an
isocaloric low-fat diet. Others [32] have reported an increased
acceptance of and preference for a high-fat liquid food in rats
maintained on a high-fat diet, relative to rats maintained on a low-
fat diet. In addition, an enhanced preference for a flavor paired with
intestinal fat infusions in rats maintained on a high-fat diet, relative to
rats maintained on a low-fat diet has also been reported [35]. Various
mechanisms have been proposed to account for these effects,
including an enhanced capacity to digest and oxidize fat [30], reduced
satiety signaling [21–29], and increased orexigenic signaling [36].
Taken together, these studies all indicate that consumption of a high-
fat maintenance diet can have important effects on physiological and
neurological mechanisms involved in fat intake, and can promote the
consumption of fatty foods.

Given all of the above reports, the present findings were
particularly surprising. One difference between this and previous
studies is the manner in which the fat was presented. In the present
study, the fat was presented as an option to the low-fat maintenance
diet (chow), whereas in other studies the fat wasmixed into the diet or
combined with other non-nutritive substances to obtain isocaloric
diets. It recently has been shown that rats provided time-limited (2 h)
access to shortening every third day (Intermittent) consumed
significantly more shortening during the 2-h access period than did
rats with time-limited daily access. However, when shortening was
mixed in with chow, 2-h intakes did not differ significantly between
the Intermittent and Daily groups [9]. Apparently themanner inwhich
shortening is presented (separate or mixed with other food sub-
stances) has significant effects on intake. Furthermore, the optional
“test” fat and the optional unrestricted available fat were the same in
the present study. In previous work, on the other hand, the “test” food
was different from the continuously available high-fat diet. In
addition, in the present study, rats were shifted from a condition in
which the optional fat was available all of the time, to a condition in
which the optional fat was available only during brief occasional
periods. In previous reports, the maintenance diet was still in place
when the response to the test foods was assessed. The conditions in
the present study, therefore, were different from those previously
reported. Such parameters can be important to mechanistic inter-
pretations, an idea supported by previous reports in which the effects
of galanin and enterostatin were assessed [37–40].

Why these conditions resulted in reductions in fat intake rather
than a stimulation of fat intake remains to be determined. The
deprivation condition of the rats cannot explain the different results as
non-food-deprived rats were used in the present study as well as in
some of the previous reports [30,31]. It is possible that the length of
time the rats were maintained on the maintenance conditions may
have contributed to the different results. In the present study, rats
were maintained in the unrestricted access condition for 35 days
whereas in previous studies the length of time on the maintenance
high-fat diets ranged from 2 to 26 days. Whether different adaptive
changes with extended exposure to high-fat diets can account for the
different behavioral results is not known. The amount of fat consumed
is probably not the reason. The percentage of total energy intake
consumed as fat under the unrestricted access condition in the
present study (~65–79% of energy) is comparable to or greater than
that reported in previous studies, e.g., ~63% [30], ~70% [31], and ~48%
[32,35]. Rats often will consume less energy when the energy density
of the diet is reduced after a period of high-fat diet-induced
hyperphagia and body weight gain [41]. Since weight gainwas greater



Table 4

Part Group Body weight week 5
(g) (SE +/−)

Body weight change
(g) (SE +/−)

Total 5-week energy
(kcal) (SE +/−)

1-h shortening week 5
(kcal) (SE +/−)

Percent 5-week protein
by weight (SE +/−)

Percent 5-week carbohydrate
by weight (SE +/−)

Percent 5-week fat
by weight (SE +/−)

3A
I 524.3 (11.2) 9.4 (3.1) 2656.3 (70.6) 23.4% 49.% 4.5%
I-QL 544.2 (9.5) 13.7 (3.7) 2760.8 (50.8) 23.4% 49.0% 4.5%
D 521.3 (11.9) 11.5 (3.0) 2700.8 (75.2) 23.4% 49.0% 4.5%
D-QL 545.5 (15.0) 9.5 (2.4) 2715.8 (53.3) 23.4% 49.0% 4.5%
NS 521.3 (10.4) 6.9 (2.6) 2745.7 (55.2) 23.4% 49.0% 4.5%

3B
I 549.7 (11.4) 25.4 B (2.3) 3038.8 (68.9) 69.6 A (3.4) 19.7% A (0.17%) 41.3% A (0.36%) 19.6% B (0.70%)
I-QL 573.1 (10.0) 28.9 A,B (2.7) 3064.8 (50.8) 65.8 A,B (7.6) 20.5% A (0.28%) 42.9% A (0.59%) 16.5% B (1.15%)
D 556.3 (10.4) 35.1 A,B (4.7) 3080.5 (78.2) 31.8 B (2.8) 19.1% A,B (0.50%) 40.0% A,B (1.05%) 22.0% A,B (2.05%)
D-QL 586.8 (18.4) 41.3 A (5.7) 3255 (94.7) 41.9 B,C (5.1) 17.7% B (0.83%) 37.1% B (1.73%) 27.7% A (3.38%)
NS 545.2 (12.9) 23.9 B (3.3) 3098.0 (61.4) 67.7 A (7.8) 19.7% A,B (0.40%) 41.2% A,B (0.83%) 19.7% A,B (1.63%)

Fig. 3. Average shortening intake (kcal/body weight 0.067) during the 1-h period that it
was available for each week of Part 3B. Access was time-limited (1 h) and quantity-
unlimited for all groups. Group designations and indications of significance are the
same as Figs. 1 and 2.
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among the groups with shortening access relative to the NS group in
Part 2A, physiological alterations related to body fat accretion may
have contributed to the intake reductions in Part 2B.

In addition, there is evidence that contrast between diets of high
and low energy density can contribute to differential intakes [42].
Successive negative contrast refers to reductions in ingestive behavior
(e.g. lick rate, intake) that occur when rats are shifted from a highly
rewarding nutrient stimulus to one of less reward value, for instance
from higher to lower sucrose concentrations or from cafeteria-feeding
to chow [42–45]. The behavioral reductions can persist for up to a
week, and, when body mass is elevated, some behavioral changes
persist for several weeks [42]. Contrast effects on intake of different
foods, therefore, have been demonstrated. In addition, others have
shown that negative contrast between schedules of reinforcer
availability can influence operant responding [46]. One possibility,
then, is that contrast between the different conditions of shortening
availability in Parts 2A and 2B may have contributed to the reduced
intakes in Part 2B.

5. Part 3

The third part of the present study addressed the question of
whether a period of no access to shortening (Part 3A) would affect
subsequent shortening intake (Part 3B). The conditions used in Part 3B
were the same as those of Parts 1B and 2B, i.e. time-limited access to a
quantity-unlimited amount of shortening was provided to all groups
including the NS. Based upon other reports in which periods of item-
specific deprivation enhanced subsequent intake of alcohol [47],
saccharin [48] and nicotine [49], as well as the idea that “perceived
deprivation” may stimulate food intake [50], it was inferred that a
period of no shortening access would enhance subsequent intake
during the 1-h period of availability.

5.1. Method

5.1.1. Part 3A: no shortening access
For the first five weeks of this part of the experiment, shortening

was not available to any of the rats, and chow and water were
continuously available.

5.1.2. Part 3B: quantity-unlimited and time-limited shortening access
During the next five weeks, time-limited access to shortening was

provided (1 h, full bowl) to all groups including the NS group.

5.2. Results — Part 3

5.2.1. Part 3A
When only chow was available during the first five weeks, the

average body mass-adjusted weekly energy intake did not differ
among any of the groups during any week except week 4. In week 4,
the intake of the NS group was significantly greater than that of the I
group (pb0.05; Tukey's HSD). Overall, there was no main effect of
access schedule. However, there was a main effect of week [F(4,180)=
75.79, p 0.0001], due to a gradual increase in chow consumption
across the 4 weeks. Schedule and week also interacted [F(16,180)=
1.70, p 0.0497], due to slight differences in the rate of increase across
time in the different groups. Average absolute daily intake from chow
increased by about 10 kcal across the five weeks of Part 3A, ranging
from 69–74 kcal in week 1, to 79–84 kcal in week 5. By week 5, energy
intake was comparable to that of week 5 of Parts 1B and 2B.

Neither body weight nor body weight change differed among the
groups (Table 4). All groups gained weight in each week of Part 3A
except NS; NS lost 1.7 g in week 2, but by week 3, weight gain
resumed, and body weight was greater than it had been in week 1.

5.2.2. Part 3B

5.2.2.1. Shortening. After five weeks of no shortening access,
shortening was again provided under time-limited and quantity-
unlimited conditions. That is, all rats were provided an unlimited
quantity of shortening for 1 h on their respective access schedules. The
NS group had Intermittent access to the shortening. In general,
differences in shortening consumption among the groups readily
emerged, even during the first week of re-exposure (Fig. 3). There
weremain effects of group [F(4,45)=12.42, p 0.0001], week [F(4,180)=
5.74, p 0.0002], and a group by week interaction [F(16,180)=1.72
p 0.0456]. The shortening intakes of the NS and I groups were



Fig. 4. Comparison of shortening intake (kcal/body weight 0.067) during the last week of
Parts 1B, 2A, 2B and 3B for the I, I-QL, D, and D-QL groups. For the NS group comparison
between Parts 2B and 3B is shown. Group designations are the same as previous figures.
Different letters indicate significant differences in average shortening intake among the
different parts of the study within each group.
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significantly greater than those of the D and D-QL groups during all
five weeks (LS Means p 0.0167). The shortening intake of the I-QL
group, in contrast, fell between that of the I and NS groups and that of
the D and D-QL groups (Fig. 3). The D and D-QL intakes did not differ
from each other throughout Part 3B. While the I-QL and D-QL
shortening intakes during weeks 3 through 5 were not statistically
different from one another, the I-QL consumed significantly more
shortening than the D group did during these weeks.

The average absolute 1-h shortening intakes during week 5 of Part
3B for all of the groups are shown in Table 4.

5.2.2.2. Total energy intake, body weight. Total energy intake
occasionally differed among the groups (data not shown). Specifically,
intakes of the D-QL and NS groups were greater than that of the I-QL
group during weeks 1 and 4 of Part 3B, respectively (Tukey's HSD,
p 0.05). Intakes did not differ among the groups at any other time.
Cumulative intakes, likewise, did not differ (Table 4). Body weights
were not statistically different among the groups at any time during
Part 3B, though therewas a difference in bodyweight change between
the D-QL and NS group (Table 4).

The macronutrient composition of the diets is shown in Table 4.
Although different among the groups, dietary protein was sufficient
for growth and well above that required for weight maintenance in
adult male rats [19].

5.2.3. Comparisons across Parts 1B, 2A, 2B, and 3B
In order to determine if shortening intakes differed within each

group in the parts of the study where access to shortening was not
limited by quantity, comparisons were made among the average 1-h
shortening intakes for the lastweekof Parts 1B, 2B, and 3B, and average
24-h intakes for the last week of Part 2A (Fig. 4). Again, all data were
expressed in a body mass-adjusted manner (kcal/body weight0.67) in
order to control for changes in body mass across the study.

Shortening intakes were not statistically different between Parts 1B
and 2B in the I-QL, D, andD-QL groups. However, in the I group, intake in
Part 2Bwas less than that of Part 1B (Tukey's HSD, p 0.05). Intakes of I, I-
QL, and D were greater in Part 3B than in Part 2B (Tukey's HSD, p 0.05).
Intakes in theD-QLandNSgroupsdidnot differ betweenParts 2Band3B.

Both the I and I-QL groups consumed as much shortening during
1 h in Parts 1B, 2B, and 3B (time-limited, quantity-unlimited) as they
did in 24 h in Part 2A (time-unlimited, quantity-unlimited). In
contrast, both D and D-QL consumed significantly less shortening in
1 h Parts 1B, 2B, and 3B than they did in 24 h in Part 2A.

5.3. Discussion — Part 3

In Part 3B, shortening intakeswere enhanced after a 5-week period
of shortening absence in groups I, I-QL, and D relative to Part 2B. These
results were not due to time or growth of the rats as shortening intake
was normalized to body weight.

These results bear resemblance to other studies in which removal
of some consumable (e.g. alcohol, sucrose, saccharin, nicotine)
stimulated subsequent intake of or responding for that item [16,47–
49,51–53]. In the present study, intake of shortening increased in Part
3B relative to Part 2B in three of the groups (I, I-QL, D), suggesting that
fat consumption also is sensitive to the intake-stimulating effects of no
access. Interestingly, shortening intake in the D-QL group during Part
3B was not significantly affected by shortening removal. The largest
change occurred in the I-QL group, with shortening intakes in Part 3B
being 58% higher than those of Part 2B. I-QL was also the only group in
which the 1-h shortening intake in Part 3B exceeded that of Part 1B.
Why the two groups with the quantity-limited histories differed in
their response to shortening removal cannot be determined from
these data. However, it is clear that the binge-reducing effect of the
quantity-limited history in the I-QL group was attenuated by a period
of involuntary shortening removal. Even so, I-QL shortening con-
sumption during the 1-h period of availability remained intermediate
to that of I and D for 4 out of the 5 weeks (Fig. 3).

In contrast to the other groups, intake during Part 2B was not
suppressed in the NS group. In this case, the removal of shortening did
not stimulate intake further in Part 3B. This lack of stimulation after a
period of shortening non-availability in the NS group may have been
due to an inability to consume any more within the 1-h period, i.e. a
ceiling effect on intake.

The amount of shortening consumed by the I and I-QL groups
during the 1-h period of availability was large. Specifically, the I and I-
QL groups consumedasmuch shortening in 1 hduring Parts 1B, 2B, and
3B, as they did in 24 h when shortening access was unrestricted. In
contrast, the two groups on the daily schedule of access, D and D-QL,
consumed significantly less shortening during the 1-h period of
availability in Parts 1B, 2B and 3B than they did during a 24-h period of
unrestricted access in Part 2A (Tukey's HSD, p 0.05). Thus, in addition
to consuming more shortening than was consumed by the Daily
groups, the large amount of fat consumed by the Intermittent groups
supports the interpretation of their intake as binge-like, i.e. eating in a
discrete period of time an amount of food that was larger than would
normally be consumed in a similar period of time under similar
circumstances [10].

Finally, the shortening intakes of the I-QL group again fell between
those of the I and D groups, even though the I-QL and I group had
access to shortening under exactly the same conditions during all
parts of this study except Part 1A. This indicates the potentially
powerful attenuating effect that quantity-limited intake of fatty foods
can have on subsequent consumption of those foods. Stated other-
wise, quantity-limited access, while not eliminating binge-type
behavior, was able to reduce binge size across a variety of conditions
and over a period of several months.

6. General discussion

Several new findings are reported: 1) Limiting the quantity of
shortening consumed during a 1-h period of availability for five weeks
produced robust and long-lasting decreases in subsequent binge size
when quantity was no longer restricted under Intermittent availability
conditions. 2) Five weeks of unrestricted access to shortening also
produced robust and long-lasting decreases in subsequent binge size.
3) Five weeks of no access to shortening, on the other hand, produced
rapid and long-lasting increases in subsequent binge size. This study
demonstrates that intermittent access is necessary and sufficient to
promote bingeing on fat in rats, but the size of the binge can be altered
by the fat-access history.

The results obtained here have potentially important implications
for the translation of findings obtained with rodent models to human
ingestive behavior. The consumption of high-fat optional “snack”



657F.H.E. Wojnicki et al. / Physiology & Behavior 95 (2008) 649–657
foods has increased among Americans over the past twenty years [54]
and foods such as these are contributing a higher proportion of total
dietary fat and energy than in years past [54,55]. Furthermore, those
who consume the most snacks also consume the most energy [56,57].
Therefore, findings obtained from behavioral models based upon the
consumption of optional sources of dietary fat (“snacks”), such as the
one used here, may provide important clues to human food intake
patterns that can complement approaches in which the “extra” fat is
mixed into the maintenance diet. For instance, a strategy in which
small amounts of fatty optional foods are incorporated into the diet
might be more effective at preventing subsequent binge eating, than
would strategies that involve either complete abstinence from, or
periodic ‘gorging’ on, these same foods.
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