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It is widely accepted that food consumption in humans declines with advanced age; however, data from mice remain
controversial. Based on our previous observation that mice spill a considerable amount of food while eating, we hypoth-
esized that increased food spillage in old mice masks actual food intake. To investigate whether mice exhibit age-associated
declines in food consumption, we evaluated the actual food consumption of C57BL/6 mice at various ages by measuring
both the amount of food in the food receptacle and the amount dropped to the cage bottom during feeding. We found that
old mice dropped significantly more food (36% + 8%) than young mice (18% + 5%), which led to overestimations of food
consumption, particularly in old mice. Although actual food consumption decreased in very old mice, food intake per
body weight did not significantly change. These findings suggest that caution should be taken to accurately quantify food

consumption by aged animals.
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ABORATORY mice are generally housed in standard-

ized caging about the size of a shoebox with an inverted
wire roof where food and water bottles are placed. Under
normal husbandry conditions, mice are able to feed ad libi-
tum (AL; unrestricted access to food) by gnawing at the food
through the wire bars. Presumably, this housing system al-
lows for easy daily monitoring of food intake by measuring
the amount of food disappearing from the food receptacle
each day. Although this method of estimating food con-
sumption is commonly used, it may not be evaluating the
“actual food consumption” accurately. It has been pointed
out by multiple researchers in recent years that mice drop
food while feeding, leading to a significant portion of food
ending up on the cage floor in powder form (1,2). This food
spillage has been reported to account for anywhere between
2% and 40% of the food consumption value (calculated by
measuring food disappearance from the food receptacle).
The variance in amount of food spillage has been attributed
to differences in food composition, mouse strain, and/or
genetic factors (1,2). However, the effect of aging on food
spillage amount was not mentioned in these studies.

While performing mouse fasting/refeeding experiments
on wire-bottom cages for a previous unrelated study (3), we
noticed that old mice were messy eaters; a large amount of
uneaten food particles were dropped to the cage floor under

the wire bottom, which would have been unnoticed on normal
rodent bedding because of the color similarity and mixing
of food particles with bedding. After this observation, we
wondered whether an age-associated difference in food
consumption might be masked by the large quantity of food
dropped to the floor by old mice. Such an occurrence would
lead to an overestimation of actual food consumption and
might be problematic in research pertaining to dietary re-
striction (DR; [4,5]), dose calculations (6,7), metabolism,
assimilation efficiency, or other such studies where amount
of “actual” food intake is important. Cameron and Speakman
(1) reported that of 50 recent journal articles (chosen at random
from 100,000 Web of Science citations) including the key
words “food intake” and “mice or rat,” only 5 mentioned
adjusting for food dropping when calculating food con-
sumption. Other studies have reported food spillage being
negligible (8—10) and thus disregarded from their data.
Despite the general consensus that appetite and food con-
sumption decrease in old age (11-16), most rodent studies
report either a relatively constant food intake throughout life
or an age-associated increase in food consumption (17-20).
A few rodent studies have shown a trend toward decreased
food consumption with old age (8,21); however, these studies
did not account for possible age-associated changes in food
spillage. In the present study, we performed the following

1043



1044

experiments to measure the precise amount of uneaten food
dropped to the cage bottom which enabled us to calculate
the actual food consumption in adolescent, mature adult,
middle-aged, old, and very old mice.

METHODS

Animals and Husbandry

Male C57BL/6 mice at various ages (5-29 months old)
were obtained from colonies of the National Institute on
Aging (Bethesda, MD). Two-month old mice were obtained
from The Jackson Laboratory (Bar Harbor, ME). These ages
of mice are appropriate to study the different life stages
(adolescent [2 months], mature adult [5—7 months], middle-
aged [11-13 months], old [20-21 months], and very old
[29 months]) of this particular strain of mice (22). Mice
were housed at 22°C, maintained in a 12-hour light-dark
cycle with free access to PicoLab Rodent Diet (LabDiet
5053, Brentwood, MO) and water, and acclimated for at
least 7 days prior to experimentation. The teeth of all mice
were examined after each experiment and none showed any
signs of malocclusion, which occurs in C57BL/6 at a higher
frequency than other common mouse strains (The Jackson
Laboratory, http://jaxmice.jax.org/jaxnotes/archive/489h.html).
All procedures were approved by the Institutional Animal
Care and Use Committee.

Food Consumption Monitoring

Mice were housed individually and acclimated to wire-
bottom cages with a 3MM paper liner 48 hours prior to food
consumption monitoring. Food consumption was monitored
daily for 5 days by weighing the food given (food placed in
the food receptacle at time zero), food remaining (food left
in the food receptacle 24 hours later), and food dropped
(food particles appearing on the 3MM liner of the cage floor
24 hours later) for each mouse. All measurements were
taken at the same time each day, and the 3MM paper liner
was changed daily.

Dietary Restriction

Mice were housed and fed as described previously with
the following exceptions. Mice were housed in cages with
either wire bottoms or wood pulp bedding (TEK-FRESH;
Harlan) without the wire bottom, depending on experimental
condition. Mice were fed AL for the first week, and food
consumption and dropping were carefully monitored. After
1 week of AL feeding, mice were subjected to 20% DR based
on the apparent food consumption the previous week, and
food consumption and dropping were carefully monitored.

Statistical Analysis
For each outcome variable, the group results were compared
using one-way analysis of variance. For those variables
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identified as significant, multiple pairwise group comparisons
were further performed using a Bonferroni correction. Dif-
ferences between apparent and actual food consumption
was compared using Wilcoxon rank-sum test. All analyses
were conducted using SAS version 9.2 (SAS Institute Inc.).
Significance was considered at p < .05.

RESULTS

Aged Mice Are Messy Eaters

Individually housed mice of various ages (described in
Methods section) were placed in wire-bottom cages with a
3MM paper liner (in lieu of bedding) covering the cage
floor. In this housing setup, stool, urine, fur, and uneaten
food particles were dropped through the wire bottom onto
the paper liner covering the cage floor. Every 24 hours, the
cages were carefully disassembled and the mouse, the food
in the food receptacle, and the stool and food on the cage
floor of each cage were collected and weighed. Figure 1
shows representative images of the appearance of the paper-
lined cage floor 24 hours after setup. Old mice (20-21 months)
dropped dramatically more food to the cage floor than mature
adult mice (5—7 months old). The appearance of cages from
adolescent (2 months old) and middle-aged (11-13 months
old) mice resembled those of mature adult mice, while
the appearance of cages from very old (29 months old)
mice resembled those of old mice (data not shown).

Body Weights of Mice Change Significantly With Age
Average body weights of mice in this study steadily

increased from adolescence through middle age, plateaued

from middle age to old age, and then decreased again in the
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Figure 1. Food dropped to cage bottom. Representative picture showing that
old mice (20-21 months old) drop more food to the cage bottom than mature
adult mice (5-7 months old). Mice were housed individually, and photograph
was taken 24 hours after mouse was placed in a new cage.
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very old (Figure 2A). The range of body weights within
adolescent and mature adult mice was reasonably close
together, while, as the mice approached middle age and early
old age, a larger degree of variance was observed. Body
weights of middle-aged (35.1 £5.3 g) and old mice (34.5
6.9 g) were significantly greater than adolescent (24.3+ 1.5 g),
mature adult (29.1 £ 2.8 g), and very old mice (25.1 £2.4 g).

Accurate Quantification of Food Consumption Is Masked
by Food Dropping

The food disappearing from the food receptacle each day
was weighed and designated as “apparent food consumption”;
this is the amount of food which would have been assumed
to be eaten by the mouse had we not additionally measured the
food dropped to the cage floor. Apparent food consumption
was significantly higher in old mice (6.7 + 1.0 g) compared
with all other groups (4.2-5.0 g); there was no significant dif-
ference in the apparent food consumption between adolescent,
mature adult, middle-aged, and very old mice (Figure 2B).

Figure 2C shows the amount of food that was dropped to
the cage floor for each age group. Adolescent, mature adult,
and middle-aged mice dropped on average between 0.75 and
1.0 g of food each day, while old and very old mice dropped
between 1.7 and 2.5 g of food each day. The amount of food
dropped was significantly higher in old (p < .001) and very
old mice (p < .01) compared with younger age groups.

Actual Food Consumption Differs Significantly From
Apparent Food Consumption

To accurately quantify the actual food consumption of
each mouse at various ages, the food dropped was subtracted
from the apparent food consumed each day (Figure 3A). The
average actual food consumption (grams per day) was similar
from adolescence through middle age (3.5-4.0 g). Actual
food consumption increased in old mice (4.2 g, p < .05 and
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p < .01 compared with mature adult and middle-aged mice,
respectively) and then decreased again in very old mice (2.8 g,
p < .001 compared with old mice). When adjusted for
body weight, actual food consumption was highest in the
adolescent age group (Figure 3B). Actual food consumed
per body weight per day did not significantly change from
mature adult through very old age. These results indicate
that actual food consumption increases in old age but then
decreases in the very old; however, when adjusted for body
weight, there is no change in food consumption over the
lifetime of the adult mouse.

Figure 4 shows that mice from adolescence through middle
age dropped approximately 20% of their food but mice
from old and very old age groups dropped nearly 40% of
their food (p < .001 compared with younger age groups).
For each age group, the difference between apparent food
consumed and actual food consumed was significant (p < .01).
This analysis indicates that regardless of the precise amount
of food eaten or dropped, there is a clear old age—associated
increase in the ratio of food spillage to consumption.

Old Mice Do Not Eat Dropped Food Even Under DR

To determine whether mice would drop less food or
consume the dropped food due to increased hunger, old mice
(20 months old) were placed on DR under different husbandry
conditions. First, mice were housed in wire-bottom cages
and fed AL as described previously, and the amount of food
disappearing from the food receptacle as well as the amount
of food dropped through the wire bottom onto cage floor
was measured each day for 5 days. The same mice (on wire
bottom) were then subjected to 20% DR based on the apparent
food consumption of the same mice the previous week, and
the food consumption and droppings were carefully measured.
Next, mice were housed on wood pulp bedding and the bed-
ding, food particles, and stool were separated by hand each
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Figure 2. Basic parameters measured daily for mice at various ages (adolescent 2 months, n = 9; mature adult 5-7 months, n = 13; middle-aged 11-13 months,

n = 10; old 20-21 months, n = 10; and very old 29 months, n = 7) over a 5-day period. (A) Body weight. (B) “Apparent food consumed” is the amount of food that
disappeared from the food receptacle in a 24-hour period. (C) “Food dropped” is the amount of powdered food dropped through the wire bottom, which accumulated
on the cage floor in a 24-hour period. TIndicates statistically significant difference compared with 2-month-old mice. }Indicates statistically significant difference
compared with 5- to 7-month-old mice. #Indicates statistically significant difference compared with 11- to 13-month-old mice. §Indicates statistically significant
difference compared with 20- to 21-month-old mice. *Indicates statistically significant difference as compared with all other groups. One, two, or three symbols
indicate p < .05, .01, and .001, respectively.
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Figure 3. Actual food consumption of mice at various ages. (A) “Actual food consumed” is the amount of food that was actually eaten by the mouse in a 24-hour
period. It is calculated by subtracting the food dropped from the apparent food consumed. TIndicates statistically significant difference compared with 2-month-old
mice. Indicates statistically significant difference compared with 5- to 7-month-old mice. #Indicates statistically significant difference compared with 11- to
13-month-old mice. §Indicates statistically significant difference compared with 20- to 21-month-old mice. One, two, or three symbols indicate p < .05, .01, and .001,
respectively. (B) Actual food consumed per body weight per day is the actual food consumed adjusted for body weight. ***Indicates statistically significant difference

as compared with all other groups (p < .001).

day. As shown in Figure 5, when fed AL on bedding, 23%
of the food was recovered from the cage floor. When sub-
jected to DR on bedding, mice still dropped a significant
portion of food (18%) to the cage floor, and these food drop-
pings were not consumed by the mice. The difference in
amount or percentage of food dropped between AL and DR
mice on bedding was not significant. It was also observed
that some food particles stuck to the soiled bedding, and
thus, the total amount of food dropped could not be accu-
rately quantified when mice were fed AL or DR on wood
pulp bedding. When the same mice were housed on wire-
bottom cages, 34% and 35% of their food was recovered
from the cage floor for DR- and AL-fed mice, respectively.
These results indicate that despite increased hunger, old
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Figure 4. Ratio of actual food consumed versus food dropped by mice at
various ages; 100% equals apparent food consumed. ***Indicates statistically
significant difference (p < .001) as compared with 2-, 5- to 7-, and 11- to
13-month-old mice for food dropped (black-colored symbols) and actual food
consumed (white-colored symbols). For each age group, apparent food con-
sumed and actual food consumed were significantly different (p <.01).

mice still drop a significant proportion of food to the cage
floor during feeding, and the majority of this dropped food
is not eaten by the mice.

DiscussION

The purpose of this study was to clarify whether an age-
associated decrease in food consumption exists. In order to
accomplish this, we needed to discern whether (i) food
spillage was significant enough to be included in daily cal-
culations of food consumption and (ii) whether food spillage
changed with age. We found that all mice, regardless of age,
dropped a significant portion of food to the cage bottom during
feeding; mice actually ate much less than it would appear if
measuring food consumption by simply weighing food in
the food receptacle. Additionally, we found that the amount
of food dropped was clearly larger in old and very old mice
(36% % 8% of food dropped) compared with other age groups
(18% £ 5% of food dropped).

Actual food consumption (in grams per day, after adjusting
for dropped food) was highest in old (20-21 months) mice
and lowest in very old (29 months) mice; thus, it appears
that mice from adolescence to middle age ate roughly the
same amount of food. Food intake then significantly increased
in old mice but decreased sharply in very old mice. Very old
mice may eat less than other age groups because of age-related
declines in the senses of smell and taste due to degenerative
changes in the olfactory epithelium and olfactory receptor
loss (23-25). However, when adjusted for body weight, there
was no significant difference in actual food consumption from
mature adulthood through very old age likely because sig-
nificant weight loss occurs from old to very old age. Adoles-
cent mice (2 months) ate more food per gram of body weight
than all other age groups. This result is reasonable as mice at
this age are still rapidly growing (26).
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Figure 5. Food consumption pattern of dietary-restricted mice. Mice
(20 months, n = 5) on 20% dietary restriction do not eat all of the dropped food;
100% equals apparent food consumed. For each feeding group, apparent food
consumed and actual food consumed were significantly different (p < .01). No
significant (NS) difference was observed for food dropped or apparent food
consumed between DR- and AL-fed mice on wire bottom or bedding, respectively.
AL = ad libitum; DR = dietary restriction.

It is unclear why old mice drop more food than younger
mice. It may be a function of age-related decline in oral
motor function (27) and/or joint impairment (28-30). Age-
related changes in dentition (31) as well as strain differences in
tooth growth could also lead to increased food dropping.
Alternatively, an age-associated increase in food dropping
may be more related to the compulsive food grinding behavior
of mice rather than an age-associated decline in physiological
function. Food grinding in laboratory mice was also suggested
to be part of an optimization strategy to obtain the most benefi-
cial nutrients from food; Cameron and Speakman (1) found
that the energy content of dropped food was lower than that
of whole food. It has been noted that wild animals often
discard nondigestible components of food including nut or
seed coatings. With the abundance of age-related changes, it
is possible that aged mice also lose the sensory ability to
determine the nutritional value of food components.

In this study, mice were housed in wire-bottom cages
making it impossible for them to consume dropped food or
feces. Although this made it easier to accurately quantify the
amount of food eaten and dropped by each mouse, it also
raised the question of whether mice would eat the dropped
food if given access when housed on rodent bedding. We
clarified this issue by housing mice in cages with large-sized
wood pulp bedding that could be easily removed from the cage
leaving the dropped food particles in place. Approximately
30% of the dropped food could not be recovered from the
wood pulp bedding compared with when the same mice
were housed in wire-bottom cages. Although this could be
due to mice eating the dropped food particles, we clearly
noticed that a significant amount of food particles became
stuck to the urine-soiled bedding and thus could have also
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accounted for the loss. When the same mice were subjected to
20% DR in wire-bottom cages or on wood pulp bedding, 45%
of the dropped food could not be accounted for. Therefore,
hungry mice may eat some of the dropped food, although
the difference in dropped food for AL or DR mice was
not significant in our study. Based on these results, we con-
cluded that DR did not prompt hungry mice to eat more of
the dropped food.

Although this study provides some basic information and
urges caution to investigators using food consumption as a
parameter in their research, it goes without saying that there
are multiple limitations to this type of small-scale study.
First, our experiments utilized only one strain of mice, the
CS57BL/6 strain. This strain of mice is most widely used for
aging research (32), and thus, our choice of strain in this
study would be relevant to many studies in the field of aging
research; however, other strains may have very different
food consumption tendencies. Turturro and colleagues (8)
published food consumption data for five strains of mice
ranging in age from 2 to 32 months in which they noted a
slight age-associated decline in food consumption in very
old C57BL/6 mice. However, they did not take into account
food spillage as they mentioned that spillage was less than
5% of the intake in their study, though it is not clear in
which age groups spillage was measured. The type of food
used can also lead to differences in food spillage. Cameron
and Speakman (1) reported that commercially available
pellet food with a high fat content (60% kcal from fat)
tended to be ground more by two different strains of mice
(C57BL/6 and MF1) than food with a lower fat content
(10%—45% kcal from fat). They also suggested that using
harder quality food greatly reduces the impact of food spill-
age when measuring food consumption. Our study only uti-
lized one type of commercially available rodent food
with 13% kcal from fat. An earlier study also reported that
increasing hardness of rodent food led to reduced food
wastage (33).

In conclusion, our study indicates that mice, particularly
of the C57BL/6 strain, exhibit a decrease in food consump-
tion with advanced age, which closely resembles the human
condition. Moreover, old C57BL/6 mice drop significantly
more food to the cage bottom during feeding than younger
mice, and this food remains largely uneaten even under
dietary-restricted conditions. Although the reason for this
age-dependent increase in food dropping remains unclear,
its effects have the potential to lead to significant overes-
timations of actual food consumption. This could be highly
problematic in a variety of experiments pertaining to DR
(4,5), metabolism, assimilation efficiency, or drug dose calcu-
lations (6,7), where age and actual food intake are important
factors. Accordingly, we recommend that caution should be
taken to accurately calculate food consumption for different
strains and ages of mice or when using various formulations
of chow. Although monitoring food consumption and
spillage in every experiment may be unrealistic, it would be
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advantageous for investigators to consider performing these
types of small studies to validate the conditions for their
particular experimental designs which utilize specific types of
food or different ages or strains of mice. A simple experiment
to determine the amount of food consumption and spillage
could be performed with as little as five mice in just 1
week’s time. An accurate assessment of food consump-
tion could significantly change DR and drug intervention
dosage regimes, and these protocol changes could also sig-
nificantly alter the results of an experiment.
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