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Body weight in rats: Effects of day vs. night meals 

FRED P. VALLE and ROY NIKAIDO 
University oj British Columbia, Vancouver, British Columbia, Canada V6T 1 W5 

Laboratory rats were fed for 2 h during the day or night. These single·meal-fed rats initially lost 
weight but subsequently gained weight at the same rate as ad-lib-fed control animals. Time of meal 
had no effect on body weight. Single-meal feeding does not lead to obesity in rats. 

Rats on time-restricted feeding schedules (e.g., 
access to food for 2 h a day) adapt to the demands 
of consuming, digesting, and storing large amounts 
of food over short periods of time in a variety of 
ways, both behavioral and physiologicaL These 
adaptations include a decrease in the latency of 
eating when food is made available (e.g., Ghent, 
1951), an increase in the amount eaten in any given 
meal (e.g., Baker, 1955), as much as a 50% increase 
in the size of the stomach resulting in greater load 
capacity (Holeckova & Fabry, 1959), and changes in 
many of the metabolic pathways in adipose and liver 
tissue, resulting in an enhancement of lipogenesis 
(Fabry & Braun, 1967; Leveille, 1970). The efficacy 
of the latter physiological adaptations is shown by 
the fact that, relative to freely fed control animals, 
percent weight of meal-fed rats is higher than percent 
food intake, i.e., meal-fed rats use food more 
efficiently. 

There is some disagreement, however, as to just 
how successful these adaptations are. A study by 
Hollifield and Parson (1962) reported that rats fed 
for 2 h a day gained more weight than rats with free 
access to food. This unexpected finding has appeared 
in at least one paperback health book, Nutrition 
Against Disease (Williams, 1973), in which it is used 
to justify the proscription that people on diets should 
avoid single large daily meals since, "Experiments 
with rats, which are by nature nibblers, have shown 
conclusively that if they are forced to abandon their 
nibbling behavior by being given access to food only 
two hours per day (one meal a day) they become 
obese" (p. 106), 

Attempts to replicate the Hollifield and Parson 
experiment have not reproduced their results, al
though there are inconsistencies among the results 
of the replications (Leveille & Hanson, 1965; Muiruri 
& Leveille, 1970; Stevenson, Feleki, Szlavko, & 
Beaton, 1964). A problem that arises when one 
attempts to reconcile these diverse findings is that in 
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none of the studies cited is it reported (1) what time 
of day the meal-fed rats were fed relative to the 
day /night cycle or (2) what time of day the rats in 
the various groups were weighed. The latter variable 
could produce some differences in results, since 
meal-fed rats will obviously weigh more following 
the meal than before it. The former variable could 
be of importance, since rats normally eat close to 
700/0 of their daily intake during the night portion 
of the day/night cycle (Siegel & Stuckey, 1947) and 
it has been suggested that conditions for fat 
synthesis exists only at night in ad-lib-fed rats 
(LeMagnen, Devos, Gaudilliere, Louis-Sylvestre, 
& Tallon, 1973). Thus, it is possible that rats trans
ferred from ad-lib feeding to a single meal fed at 
night might more easily adjust to the new schedule 
than rats switched to a single meal fed during the 
day. It may be, then, that some of the discrepancies 
among the results of studies dealing with the effects 
of meal feeding on rats could be due to unreported 
differences in feeding times (relative to day/night 
cycles) or weighing times (relative to feeding times). 

The present study investigated these possibilities 
by meal-feeding one group of rats for 2 h during 
the day (Group AM) and a second group for 2 h 
during the night (Group PM). Both of these groups 
were weighed just before and just after their daily 
meals, i.e., at their daily minimum and maximum 
weights. A third group of rats with free access to 
food (Group Ad Lib) was weighed once during the 
day and once during the night. 

METHOD 

The subjects were 30 male Wistar rats, approximately 75 days 
old, from Woodlyn Laboratories Ltd., Guelph, Ontario. Upon 
receipt, the animals were housed in single cages and allowed to 
habituate to the laboratory, to the diet used, and to handling/ 
weighing procedures for 14 days. The rats were then ranked by 
weight and assigned to one of three groups on the basis of those 
ranks so that three groups of equal average weight were obtained. 

The diet used was a mixture of 500 g ground Purina Lab Chow 
and 200 ml Mazola corn oil. The rats were maintained on a 12-h 
day/night cycle, with light onset occurring at 0700 h. Group AM 
was fed from 1000 to 1200 h and Group PM was fed from 2200 to 
2400 h. Every second day, food intake and body weight were 
measured. The ad-lib control animals were weighed at 1200 and 
2400 h on those days, and their food intake was measured at 
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2400 h. Water was available to all subjects at all times. Tempera
ture in the laboratory was maintained at approximately 23°C, 

During the course of the experiment, one subject from the 
control group had to be destroyed because of "whirling disease" 
and one subject from Group PM had to be discarded because 
of an experimental error. In order to maintain an equal number 
of subjects in all groups, one subject from Group AM, chosen 
at random, was discarded at the end of the experiment. The loss 
of these subjects did not bias the matched weights of the three 
groups: average predeprivation weights for the animals that 
completed the experiment were 339.4, 340.6, and 340.6 g for 
Groups AM, PM, and Ad Lib, respl;ctively. 

RESULTS 

Body Weights 
Figure 1 presents mean body weights for the three 

groups of rats over the 36 days of the experiment 
by blocks of 6 days. Both pre- and postmeal weights 
are shown for the two meal-fed groups; only one 
curve, average daily weight, is shown for the control 
animals since there was virtually no difference in 
weight in these animals between the 1200- and 2400-h 
weighings (average difference, -0.3 g). It can be 
seen that there was no effect of day vs. night meals 
on meal-fed rats and that meal-fed rats always 
weighed less than control animals: 88070 of control 
weight before meals, 92% following meals. Hence, 
under no condition in the present experiment did 
meal-fed rats gain more weight than "nibblers"; 
rather, following an initial period of adjustment 
to the feeding schedule characterized by a decrease 
in weight, meal-fed rats gained weight at virtually the 
same rate as ad-lib-fed rats. 

Food Consumption 
Average (mean of daily medians) food intake over 

the course of the experiment was 16.4 g for Group AM, 
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Figure 1. Mean body weight over blocks of 6 days for ad-Iib

fed control animals (squares), animals fed for 2 h during the day 
(circles), and animals fed for 2 h during the night (triangles). 
Solid lines for the meal-fed subjects indicate postmeal weights, 
broken lines, premeal weights. 
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16.6 g for Group PM, and 20.2 g for Group Ad Lib. 
Hence the AM and PM animals ate approximately 
82% as much as the control animals. The fact that 
relative weight was greater than relative food intake 
is due, as noted earlier, to the more efficient use of 
food by meal-fed rats. 

DISCUSSION 

The results of the present study show that rats 
switched from ad-lib feeding to meal feeding adapt 
equally well to day or night meals. The results also 
show, however, that no matter when they are fed or 
weighed, meal-fed rats do not become obese relative 
to control animals. 

Given these results, it is clear that Hollifield and 
Parson's (1962) atypical data could not have resulted 
from the time of day they fed or weighed their 
animals. It has been noted (Stevenson et ai., 1964) 
that Hollifield and Parson's control animals gained 
less weight over the course of their experiment than 
is usual for the strain. In light of that fact and in 
light of the results of the present experiment (which 
are consistent with those reported by Leveille & 
Hanson, 1965, and Muiruri & Leveille, 1970), the 
most appropriate conclusions would appear to be 
that (i) after an initial adaptation period character
ized by weight loss, single-meal-fed rats gain weight 
at the same rate as normal ad-lib control animals, 
and (ii) Hollifield and Parson's finding of greater 
weight gain by meal-fed animals was due to idiosyn
cracies of their five control subjects. 

Therefore, contrary to the claim made in Nutrition 
Against Disease (Williams, 1973), there is no "con
clusive" evidence that rats become obese when 
forced to abandon their nibbling behavior. Rather, 
there is conclusive evidence that, under a variety of 
conditions, single-meal-fed rats gain weight at the 
same rate as ad-lib nibblers, a feat that points to a 
remarkable degree of behavioral and physiological 
flexibility in an opportunistic feeder. 
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