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Processing and Treatment of Corncob Bedding
Affects Cage-Change Frequency for C57BL/6 Mice

Daniel A Domer, Rebecca L Erickson, Joann M Petty, Valerie K Bergdall, and Judy M Hickman-Davis®

The goal of this study was to evaluate the effectiveness of a new proprietary processed corncob bedding material (PCC)
compared with standard corncob in ventilated and static mouse housing systems. Intracage ammonia levels, bacterial
growth, and absorptive capacity of bedding were measured for cages of C57BL/6 mice under nonautoclaved and autoclaved
conditions on static and ventilated racks in a barrier facility. Ammonia concentration was measured daily, and cages were
removed from the study when measurements reached or exceeded 25 ppm. Bacterial growth in bedding was quantified and
speciated before exposure to mice and at the time of cage removal. The absorptive capacity of all bedding material was de-
termined under autoclaved and nonautoclaved conditions. Ventilated cages with PCC or autoclaved corncob took longer to
reach ammonia concentrations of 25 ppm than did those with corncob or autoclaved PCC; PCC-filled cages remained below
25 ppm NH, for at least 3 wk. The type of bedding material did not affect the number of days required to reach 25 ppm in
static cages. Compared with other bedding types in the absence of mice, 1/4-in. PCC had a lower and 1/8-in. corncob a higher
bacterial load. Autoclaving altered the absorptive capacity of 1/4-in. bedding materials, and for 1/8-in. bedding, corncob was
more absorptive than PCC regardless of autoclaving. The results of this study indicate that PCC is comparable to autoclaved
corncob in controlling intracage ammonia levels, and a cage-change interval of 3 wk is possible when ventilated cages are

used with this bedding.

Abbreviation: PCC, processed corncob.

The rodent microenvironment is a primary consideration
for animal welfare. The Guide for the Care and Use of Laboratory
Animals (The Guide) is the primary reference used for mice in
AAALAC-accredited facilities and for those used in studies
funded by the Public Health Service; this reference states that the
cage environment should be dictated by performance standards,
including temperature and humidity and concentration of gases
and particulate matter.! These parameters can alter metabolic
and physiologic processes and disease susceptibility.!* Housing
density, cage-change frequency, bedding material, and the use
of ventilated caging contribute to the microenvironment.3”
In addition to maximizing space and personnel resources,
ventilated racks provide frequent HEPA-filtered air changes,
remove excess humidity and waste gases from cages, and reduce
disease transmission.®*” Conversely, as cage density increases
and cage-change frequency decreases, waste gases accumulate.®

The Guide states that rodents should be housed with bed-
ding because it allows foraging, burrowing, digging, and nest
building and absorbs urine and feces.'* Moreover, the type of
bedding selected can influence animal wellbeing and experi-
mental results.!1%1633 Several bedding materials are available
for rodents, including corncob, wood chips, paper products, and
grass fiber pellets. Bedding is evaluated for absorbency, biode-
gradability, toxicity, dust, palatability, comfort, cost, availability,
damage to cage washers, and effect on research.*>> Untreated
softwood bedding can affect rodent metabolism,*¥#° and the
aromatic hydrocarbons of cedar shavings can induce hepatic
microsomal enzymes and cytotoxicity.”?” Aspen bedding is as-
sociated with sneezing and respiratory pathology in rats.” In a
study comparing aspen shavings, virgin pulp, recycled paper,
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corncob, reclaimed wood pulp, virgin cellulose, pine shavings,
and hardwood chips, ammonia was detectable last in corncob.?!
Rats have been shown to prefer paper bedding to corncob;
however, corncob has been used to minimize dampness and
ammonia concentrations.* Mice prefer material suitable for
nest building such as cloth, cotton, or paper.3172945 Although
corncob bedding is not a sterile material 2?5 it is a common
bedding choice due to its absorbency,?® biodegradability,
and ability to control ammonia levels.*® In this study, corncob
bedding was used as the control for comparison with a new
processed corncob bedding material and because it is the most
common bedding material used in our facilities.

The Guide also states that bedding should be changed fre-
quently enough to keep animals clean and dry and to maintain
acceptable concentrations of pollutants, including ammonia.!4
The maximal acceptable concentration of ammonia in rodent
housing has not been determined definitively; however, the
8-h exposure limit for humans (25 ppm)! has been used as a
guideline.¥”° Although subjective, human perception of cage
cleanliness is still a factor in determining the need to change
cages despite the lack of correlation between cage appearance
and mouse health.®

Intracage ammonia concentration is influenced by tempera-
ture, humidity, ventilation, urine, and bacteria. Temperature
and humidity are controlled at the room level. Humidity is
influenced by bedding material, with highly absorbent materi-
als decreasing the intracage humidity levels. Corncob bedding
has been shown to be significantly more absorbent than other
products.5 Likewise, in ventilated rodent cages, increased air
flow within the cage decreased both humidity and ammonia
concentrations.!” Intracage ammonia is produced by the com-
bination of mouse urine and urease-producing bacteria, sources
of which may include mouse feces and bedding material. Urine
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provides the urea substrate for ammonia production. Urease
from bacteria catalyzes the conversion of urea to ammonia
by cleaving urea to form 2 molecules of ammonia. The initial
bacterial content in bedding can be controlled by husbandry
practices.” Autoclaving is a common method of minimizing
the bacterial content of rodent bedding. The combination of
steam at high pressure sterilizes the bedding material, killing
bacteria, viruses, and fungi. Disadvantages of autoclaving bed-
ding include personnel time, autoclave energy consumption and
maintenance costs, and potential loss of absorptive capacity of
the bedding material.

A novel, proprietary processed corncob bedding product
(PCC; Green Pet Products, Conrad, IA) has been shown to con-
tain fewer than 10 CFU per gram of Enterobacteriaceae, yeasts,
molds, mesophilic spore, and thermophilic spores in the absence
of autoclaving.!32426 Standard corncob bedding has a variable
amount of bacteria, ranging from 23 to more than 1100 coliform
CFU per gram of bedding.?84 Bacteria present in bedding
affect lung inflammation and other aspects of mouse health,
contributing to stress of the animal.'®3%4 The choice of using
PCC as promoted by the distributor can be assessed in terms
of energy consumption, institutional cost, and animal stress.? If
bedding does not need to be autoclaved, the associated energy
consumption and institutional cost will be eliminated.

If data published by the manufacturer indicating that PCC
and autoclaved corncob share similar initial bacterial loads
are accurate, 242 then there should be less initial bacteria for
production of ammonia and longer intervals until the ammonia
threshold is reached. We hypothesized that intracage ammonia
levels would be comparable between PCC and autoclaved
corncob beddings and that both housing materials would
result in an increased cage-change interval. Compared with a
standard schedule, a prolonged cage-change interval would
expose mice to fewer stressful events, husbandry staff would
be exposed to fewer allergens, and facilities would benefit from
cost savings.

This study was designed to compare the effectiveness of the
corncob bedding currently used in our facilities with that of
PCC. We determined the number of days required for cages
on ventilated and static racks to reach aerosol concentrations of
25 ppm ammonia. Absorptive capacity and bacterial load and
species were quantified to fully evaluate and compare these
bedding materials. These studies primarily used 1/4-in. corncob
bedding with mice because it is a common size used in research;
however, 1/8-in. bedding was included in some aspects of the
study design to determine whether and how the particle size
of the same material affects absorption and bacterial content.
These studies demonstrated that using autoclaved corncob or
PCC bedding can extend the time required to reach maximal
ammonia concentrations, as compared with nonsterile corncob
or autoclaved PCC. In addition, corncob bedding is more ab-
sorptive than PCC and may therefore contribute to decreased
humidity levels within cages.

Materials and Methods

Mice. Female C57BL/6 mice (1 = 100; age, 6 to 8 wk) were
obtained from Harlan (Indianapolis, IN). The C57BL/6 strain
was chosen because it is commonly used in research. Female
mice were used to eliminate the variable of sex-associated differ-
ences and to decrease fighting among cagemates. Fighting could
result in the removal of aggressive mice or the need for wound
treatment, and the intracage ammonia concentration could be
affected by removing mice or opening the cage repeatedly for
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Figure 1. Cage modification. A 1/4-in.-diameter hole was drilled in
the front of a microisolation mouse cage, 4 cm from the cage bottom.
Dotted line indicates location of hole in cage wall.

treatment of wounded mice. Other similar studies have used
only female mice.12331:3

Mice were tested and found to be free from infections
with cilia-associated respiratory bacillus, Citrobacter rodentia,
Clostridium piliforme, Corynebacterium kutscheri, ectromelia virus,
Encephalitozoon cuniculi, lymphocytic choriomeningitis virus,
mouse minute virus, mouse adenovirus, mouse cyotomegalo-
virus, Theiler murine encephalomyelitis virus, mouse hepatitis
virus, mouse parvovirus, mouse rotavirus, mouse thymic virus,
Mycoplasma pulmonis, Myobia musculi, Pasteurella pneumotropica,
pneumonia virus of mice, polyoma virus, reovirus 3, Salmonella
spp., Streptococcus pneumoniae, Helicobacter spp., and endo- and
ectoparasites. This study was approved by The Ohio State
University IACUC and was conducted in AAALAC-accredited
facilities.

Mice were housed in polysulfone microisolation cages (Su-
per Mouse 750, Lab Products, Seaford, DE) measuring 29.8
cm X 15.6 cm X 14.1 cm, with an additional 0.7 cm beneath the
filter-top lid. Cotton nesting pads (NES3600, Ancare, Bellmore,
NY) measuring 5 cm x 5 cm were provided for environmental
enrichment. Nesting pads were added to cages at the same time
as bedding prior to autoclaving. Cages were maintained on an
individually ventilated rack (Lab Products) or placed on a static
free-standing wire shelving rack with 76 cm x 152.4 cm shelves
spaced 38 cm apart vertically (3060NS, InterMetro Industries,
Wilkes-Barre, PA). Rack ventilation was measured with a cage
monitor unit (Enviro-Gard, Lab Products) and verified to be
41.2 +2.6 air changes hourly across all used rack locations. Air-
change frequency in the static cage was not measured directly,
butitis controlled at the room level, which was maintained at a
ventilation rate of 10 to 15 air changes hourly. Room temperature
was 71.8 £ 0.9 °F (22.1 £ 0.5 °C), and room humidity was 45%
+ 13%. Mice were fed a standard irradiated diet (7292 Harlan
Teklad, Harlan, Madison, WI) and had ad libitum access to
chlorine-treated reverse-osmosis water. Cages were assigned
into 4 groups (n = 5 each group) containing 300 mL bedding,
with 5 mice per cage. The amount of bedding was chosen based
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Figure 2. Time (d) for ventilated cages to reach 25 ppm ammonia:
corncob bedding (1 = 9), autoclaved corncob bedding (n = 9), PCC
bedding (n = 8), autoclaved PCC bedding (n = 10) bedding. *, P < 0.05
(Kruskal-Wallis and Mann-Whitney tests) compared with values for
corncob and autoclaved PCC.

on the ability to provide a uniform monolayer across the bot-
tom of the cage. The 4 groups of mice received 1/4-in. corncob
(Bed-o’ Cobs, The Andersons, Maumee, OH), autoclaved 1/4-in.
corncob, 1/4-in. PCC (PureLite, 7073C, Harlan, Indianapolis,
IN), or autoclaved 1/4-in. PCC bedding. Autoclave parameters
were set at 121 °C for 20 min.

Bedding storage. All bedding for these studies was accessed
from the clean section of the vivarium cage preparation area.
1/4-in. Corncob bedding was accessed from the vivarium bed-
ding dispenser (BD2000, TBJ, Chambersburg, PA); 1/4-in. and
1/8-in. PCC and 1/8-in. corncob bedding were stored within
closed manufacturers’” bags inside 20-gal plastic containers
(FG262000, Rubbermaid Commercial Products, Winchester,
VA).

Ammonia measurement. The American Conference of Gov-
ernmental Industrial Hygienists has set 25 ppm ammonia as the
8-h limit for human exposure.! This parameter was selected as
the endpoint for the study on intracage ammonia levels. For
ammonia sampling, a 1/4-in.-diameter hole was drilled on the
midpoint of the front cage surface, 4 cm from the cage bottom.
Autoclave tape was placed over each hole when measurements
were not being made and was removed briefly for insertion of
ammonia-detection tapes or tubes (Figure 1). Ammonia detec-
tion paper (pHydrion, Micro Essential Laboratory, Brooklyn,
NY) was used for initial detection of ammonia levels in cages
containing mice. In this test, a 2-cm piece of detection paper
was moistened with sterile bacteriostatic water (Hospira, Lake
Forest, IL) and inserted through the hole drilled in each cage for
15 s; the color change of the paper was matched to a standard
list indicating approximate ammonia levels that was provided
by the manufacturer. When ammonia levels detected with the
detection paper reached 10 ppm, ammonia gas detector tubes
(catalog no. 8014-105SC, Matheson Kitagawa, Montgomery-
ville, PA) were used with a toxic gas detector pump (model
8014-400A, Matheson Kitagawa) to provide more accurate
gas measurement. When ammonia concentrations reached 25
ppm or greater as measured by the ammonia tubes, cages were
changed; bedding was collected aseptically for bacterial culture.
The experiment ended at 48 d, and all cages still measuring less
than 25 ppm ammonia were changed.
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Figure 3. Average daily ammonia concentration (ppm). The number of
cages measured changed over time because cages were removed when
the intracage NH, concentration reached or exceeded 25 ppm (data for
the date of removal are included). Data are presented for each group
only until the average day of cage removal for each group. (a) Day
after which fewer than 50% of cages remain. (A) Corncob (n =9; a, day
17) and autoclaved corncob (1 = 7) bedding; note that 71% (5) of cages
containing autoclaved corncob bedding remained on day 48. (B) PCC
(n = 8) and autoclaved PCC (1 = 10; a, day 18) bedding; note that 63%
(5) of cages containing PCC remained on day 44.

Bacterial bedding quantification. Cages were manipulated in
a biosafety cabinet by using aseptic technique, with Spor-Klenz
(Steris, St Louis, MO) as the surface disinfectant. Nonpopulated
cages for each bedding group were prepared as controls for
bacterial culture. For populated cages, mice were moved to a
fresh cage, bedding was mixed in the used cage, and samples
were collected aseptically from at least 9 sites in each cage. After
aseptic removal of fecal pellets, feed, and nesting material, 5-g
aliquots of bedding were obtained from each cage. All bed-
ding samples were placed in 50-mL plastic tubes (Nunc 50-mL
Centrifuge Tubes, Roskilde, Denmark) with 20 mL BHI medium
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Figure 4. Bacterial count (mean + 1 SD; n = 10 for each group) of non-
autoclaved, nonpopulated bedding. Bacterial count is expressed as log
CFU bacteria per gram of bedding. 1, P < 0.001 (ANOVA) compared
with values for 1/4-in. corncob and 1/8-in. PCC; *, P < 0.05 (ANOVA)
compared with values for 1/4-in. corncob and 1/8-in. PCC.

(BBL Brain—-Heart Infusion, Becton, Dickinson, Sparks, MD),
vortexed for 10 s, and incubated at 35 °C for 24 h. Ten-fold se-
rial dilutions of the bedding slurry were obtained by using BHI
medium and plated onto trypticase soy agar (BD BBL Trypticase
Soy Agar with 5% Sheep Blood [TSA II], Becton, Dickinson).
Total cfu were determined after incubation at 37 °C for 24 h.

Bacterial speciation. Inoculated media were streaked on
trypticase soy agar by using sterile loops. Individual, unique
colonies were Gram stained. Gram-positive cocci colonies were
tested with hydrogen peroxide for catalase activity, and nega-
tive results were recorded as Streptococcus spp. Gram-positive
and catalase-positive colonies were plated on mannitol, with
positive reactions reported as Staphylococcus aureus and nega-
tive reactions as Staphylococcus spp. Gram-negative rods were
speciated by using the API 20E enteric bacteria identification
system (bioMérieux, Hazelwood, MO).

Absorptive capacity. Clean bedding (5 g) was placed in a 50-
mL plastic tube with 20 mL water, vortexed to wet all particle
surfaces, and allowed to saturate for 2 min. Solid material was
filtered out by using a 3-in. stainless steel strainer for 2 min,
and bedding reweighed. The calculated weight difference was
determined to represent absorptive capacity. The absorptive
capacity was divided by the initial weight of bedding to create
an absorption ratio.

Statistical analysis. All experiments had 5 samples per group,
with 5 mice per cage unless otherwise stated, and experiments
were repeated once after randomization (www.randomizer.
org). Data were analyzed by ANOVA multigroup comparison
of means or by Kruskal-Wallis and Mann-Whitney nonpara-
metric tests by using GraphPad InStat version 3.10 for Windows
(GraphPad Software, LaJolla, CA). Bacterial data were analyzed
after log conversion to normalize the data. Data are reported as
mean = SEM, with a P value less than 0.05 indicating statistical
significance. Measurements exceeding 2 standard deviations
and identified as outliers by Statistix 8 (Analytical Software,
Tallahassee, FL) were excluded.

Results
Intracage ammonia concentration. Ammonia levels in ven-
tilated cages with PCC (43.6 + 2.5 d) or autoclaved corncob
(47.6 £ 0.4 d) bedding took twice as long to reach 25 ppm com-
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pared with those containing autoclaved PCC (24.0 + 5.3 d) or
corncob (24.6 = 4.9 d) bedding (Figure 2). Ammonia levels in
static cages reached 25 ppm ammonia in 5 to 7 d, regardless
of bedding type (standard corncob, 5.7 £ 0.6 d; PCC, 5.7 £ 0.5
d; autoclaved corncob, 5.7 £ 0.7 d; autoclaved PCC, 5.0 + 0.3 d;
data not shown). The average daily ammonia concentration is
illustrated in Figure 3.

Bacterial counts. When cultured prior to use with mice, 1/4-
in. PCC material contained less (P < 0.05) bacteria than did all
other nonautoclaved beddings. Conversely, 1/8-in. corncob
contained more (P < 0.05) bacteria than did all other types of
bedding (Figure 4). No bacterial growth occurred in any of the
autoclaved bedding groups prior to use with mice. Autoclaved
PCC (9.50£0.001og CFU/g) cultured from populated ventilated
cages contained 1614% more bacteria than did nonautoclaved
PCC (8.27 £ 0.07 log CFU/g, P < 0.001) and 512% more than
did autoclaved corncob (8.57 + 0.23 log CFU/g, P = 0.0534).
Although no differences in bacterial counts were noted between
bedding groups for static cages, autoclaved PCC material (9.36
+ 0.14 log CFU/g) contained 159% more bacteria than did
autoclaved corncob bedding (8.97 +0.16 log CFU/g, P = 0.0871,
data not shown).

Bacterial species. Bacteria isolated from unused, nonauto-
claved bedding were similar in species to those isolated after
exposure to mice (Figure 5). All bacteria isolated were con-
sidered to be nonpathogenic commensals. Enterobacter spp.,
Staphylococcus spp., Streptococcus spp. Klebsiella spp., and K.
oxytoca were isolated from all bedding types only after exposure
of bedding to mice.

Absorptive capacity. The absorption ratio was calculated
for each bedding type and condition. For 1/4-in. beddings,
corncob was significantly (P = 0.0045) more absorptive than
PCC. Autoclaving decreased (P < 0.05) the absorptive capacity
of corncob and increased (P < 0.05) the absorptive capacity of
PCC (Figure 6 A). Between the two 1/8-in. beddings, corncob
was significantly (P = 0.0014) more absorptive than was PCC,
and autoclaving had no effect on this quality (Figure 6 B). In all
bedding groups, the 1/8-in. bedding size was significantly (P <
0.05) more absorptive than was 1/4-in. bedding.

Discussion

PCC bedding is touted as an alternative to autoclaving
corncob material. In the current study, the first cage containing
nonautoclaved PCC bedding to develop an ammonia concentra-
tion of 25 ppm in ventilated housing did so on day 28, and the
first cage with autoclaved corncob material was removed at 14 d
(Figure 7 A). These results regarding intracage ammonia levels
indicate that the cage-change interval in ventilated cages likely
could be increased to once every 3 wk (or more) with the use of
PCC. For static cages, all types of bedding reached 25 ppm am-
monia in at least one cage by day 4 (Figure 7 B), demonstrating
that static cages should be changed at least weekly to control
ammonia levels.

Several studies have evaluated different cage-change inter-
vals for diverse bedding materials.!31323638 Static cages had
ammonia concentrations as high as 410 ppm when changed
every 7 d, whereas cages with aspen shavings contained higher
ammonia concentrations than did those with corncob bedding.31
Likewise, static cages with pine shavings exceeded 50 ppm am-
monia concentration by day 5.32 Lower ammonia levels have
been reported with increased air-change frequency in ventilated
cages.19 In ventilated cages, ammonia concentrations for breed-
ing mice were 25 ppm at 100 air-changes hourly or 50 ppm at 30
and 60 air-changes hourly at 14 d. Alternatively, ammonia levels

165



Vol 51, No 2
Journal of the American Association for Laboratory Animal Science
March 2012

1/4-in. corncob 1/4.-in. PCC 1/8-in. corncob 1/8.-in. PCC
Unpopulated cages
Bacillus spp. X X
Corynebacterium spp. X
Enterobacter aerogenes X X X
Enterobacter cloacae X X X X
Enterobacter sakazaki X
Enterobacter spp. X
Enterococcus faecalis X
Ewingella americana X
Klebsiella pneumoniae X
Pantoea spp. X
Rhanella aquatilis X X
Staphylococcus aureus X
Staphylococcus spp. X
Streptococcus spp. X X
Populated cages
Bacillus spp. X
Enterobacter cloacae X X X
Escherichia coli X X X X
Klebsiella ornitholytica X
Klebsiella oxytoca X X X X
Pantoea spp. X
Pseudomonas spp. X
Staphylococcus aureus X X X X
Staphylococcus spp. X X X X
Streptococcus spp. X X X X
Gram-positive rod X
Gram-positive rod with no spores X X

Figure 5. Bacteria isolated from bedding in unpopulated and populated cages. X, organism present.

due to groups of male mice were less than 25 ppm at 21 d for all
air-change frequencies.® Furthermore, mice in cages changed
every 7 d exhibited more stereotypic behavior than did mice in
cages changed every 14 d despite mild to moderate respiratory
damage from exposure to elevated ammonia concentrations at
this lower cage-change frequency.®®

The recommendation to increase the length of time between
cage changes also may markedly improve animal welfare by
reducing stress associated with routine husbandry procedures.
Previous research has shown that activities such as cage ma-
nipulation and bedding changes alter physiologic parameters
in several species.? Studies?67:202235374647 addressing mouse
stress related to cage changes have demonstrated effects on
behavior, pup mortality, and health. In response to routine
husbandry procedures, mice have been reported to develop in-
creased body temperature and corticosterone, prolactin, growth
hormone, and glucose concentrations, with variable effects on
immunoglobulin and lymphocytes.? Cage changes increase
serum corticosterone in C57BL /6 mice and induce anxiety-like
behaviors during open-field testing.3 Increased pup mortality
was reported in C57BL/6 mice in cages changed with greater
frequency, with lower plasma corticosterone when cages were
changed less frequently.?” Stress has been demonstrated to
increase the prevalence of age-related amyloidosis in mice
of several genotypes.?? Furthermore, cage changing has been
associated with physiologic stress responses in rodents?73746
and increased fighting.#6#” The effects of cage changes and
handling also have been studied in rats, with reports indicating
increases in heart rate,”? mean arterial pressure,?” and pup can-
nibalization® after routine husbandry procedures. In addition,
the presence of familiar scents from intracage objects or cage
lids has been reported to reduce the increases in heart rate and
mean arterial pressure of rats during cage changing, suggesting
that prolonging the interval between cage changes may produce
a similar effect and reduce stress.?

In the current study, autoclaving of PCC material was actu-
ally detrimental to its performance, although the mechanism
underlying this result could not be determined. One possible
explanation for the apparent adverse effects of autoclaving PCC
is physical alteration of the bedding as a result of high pressure
and heat. After autoclaving, PCC and corncob bedding were
both noted to darken in color (Figure 8). Alternatively, autoclav-
ing may cause a reaction with possible residue remaining from
the proprietary treatment. The specific steps of the proprietary
process have not been disclosed, but the bedding is approved
as ‘generally regarded as safe;” further study is needed to deter-
mine whether autoclaving of PCC changes this status, as well as
any possible effect on mouse health or experimental results due
to this process. In comparison, autoclaving of standard corncob
enhanced its performance, and autoclaved corncob bedding was
as effective as PCC in delaying ammonia accumulation in the
microenvironment. Because the autoclaving process represents
a personnel and resource cost, the potential elimination of this
step by implementing the use of PCC may represent a cost
savings yet maintain an acceptable cage microenvironment.
Another consideration regarding the choice of bedding relates
to the risk of introducing bacterial contaminants into the mi-
croenvironment. In the current study, the bacterial counts and
species in cages with PCC were similar to those with autoclaved
corncob bedding, suggesting the feasibility of using PCC as
a substitute for autoclaved corncob bedding. Although the
bacterial species isolated before and after the addition of mice
remained the same, the amounts of bacteria present seemed to
make a difference in regard to the generation of ammonia by
corncob bedding (autoclaved corncob remained below 25 ppm
for a significantly longer time; Figure 2).

Bedding material serves to maintain a clean, dry surface via
the absorption of excreta. Aspen bedding volumes of 250, 400,
and 550 mL have been examined with the finding that lower
volumes led to elevated intracage ammonia and humidity
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Figure 6. Absorbency (g H,0 absorbed /g dry bedding; n = 12 for each
group) of bedding materials. (A) 1/4-in. Bedding materials; *, P < 0.05
(Kruskal-Wallis and Mann-Whitney tests) compared with values for
autoclaved corncob and nonautoclaved PCC. (B) 1/8-in. Bedding ma-
terials; *, P < 0.05 (Kruskal-Wallis and Mann-Whitney tests) compared
with nonautoclaved and autoclaved PCC.

and a final recommendation of 400 mL bedding as the opti-
mal amount.® Dry bedding theoretically serves to limit the
hydrolytic conversion of urea to ammonia; however, previ-
ous reports indicate that absorbency does not correlate with
ammonia production.’ In the present study, absorbency was
affected by particle size and autoclaving. For 1/4-in. bedding,
corncob became more—and PCC became less—absorbent after
autoclaving. Alternatively, 1/8-in. bedding was more absorbent
overall than was 1/4-in. bedding, and although autoclaving
had no additional effect on absorbency, corncob bedding was
more absorbent than was PCC material. Interestingly, the least
absorbent beddings (PCC and autoclaved corncob) provided
the best ammonia control in ventilated caging, suggesting that
bacterial numbers—and not absorbency—may be rate-limiting
for ammonia production.

Animal welfare concerns involving the cage microenviron-
ment include relative humidity, cleanliness, visibility (animal
monitoring), health effects of bedding, and ammonia concentra-
tion. In the current studies, relative humidity remained within
the Guide recommendation of 30% to 70%, and rack ventilation
was within ranges used in previous studies.3*373? As has been
reported previously, cages became increasingly soiled over time
on study; however, the definition of when a cage is ‘too dirty” is
subject to individual perception and may not accurately reflect
animal welfare.** One concern is that decreased cage-change
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Figure 7. Percentage of cages remaining on each day: (A) Ventilated
housing: corncob bedding, n = 9 at start of study; autoclaved corncob
bedding, n = 9; PCC bedding, n = 8; and autoclaved PCC bedding, n =
10. (B) Static housing: corncob bedding, n = 9; autoclaved corncob bed-
ding, n = 10; PCC bedding, n = 10; and autoclaved PCC bedding, n = 9.

frequency could decrease the number of times that animals are
observed and therefore diminish health monitoring. However,
ensuring that cages are observed regularly without removing
the cage from the rack or disrupting the cage interior should
address this potential issue.

The effect of ammonia on rodent health and behavior has been
evaluated, with mixed results. Increased ammonia exposure
can irritate nasal passages and alter biologic responses.!%?! The
ammonia concentration at which the respiratory rate in mice
or rats is decreased by 50% has been reported as 303 ppm,
with significant nasal epithelial pathology when mice were
exposed for 6 h daily for 5 d.* In a comparison of static with
mechanically ventilated mouse cages, elevated ammonia levels
for mice housed in static cages correlated with decreased body
weight gain.? Taken together, these cited studies suggest that
increased ammonia levels are detrimental and that ammonia
level is an appropriate parameter for determination of cage-
change frequency. However, C57BL/6 mice exposed to ammonia
concentrations of 400 ppm and 140 ppm had normal histology
of eyes and nasal passages,*? and no behavioral abnormalities
were noted when mice housed in individually ventilated cages
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Figure 8. Bedding samples before and after autoclaving. (A) Corncob,
(B) autoclaved corncob, (C) PCC, and (D) autoclaved PCC bedding.

were exposed to ammonia concentrations exceeding 50 ppm.#!
Mice exhibited no location preference between areas with am-
monia concentrations of 4 to 110 ppm.!? Overall, opinions differ
regarding the type and severity of pathology related to ammo-
nia concentrations in rodent housing. As a result, assumptions
regarding exposure of rodents to ammonia have been based
on data for human conditions,! and 25 ppm was chosen for the
current studies in light of the human correlate.

The choice of bedding used in a facility is frequently a result of
several factors, including the ability to control ammonia levels,
absorbency, microbial content, and cost. Costs associated with
bedding materials include the material itself, personnel time
associated with handling, and the use of processing equipment
such as autoclaves. Autoclave costs also encompass utility,
maintenance, repair, and purchase price. The manufacturer of
PCC has touted its use in rodent housing based on decreased
bacterial loads in the bedding. Our study confirms that PCC is
equivalent in bacterial load to that of autoclaved standard corn-
cob bedding. We further observed that the use of PCC extended
the cage change interval to 3 wk, according to ammonia levels
in the microenvironment.

Several options exist for the use of PCC within a facility. One
option is the complete substitution of PCC for all existing corn-
cob materials. Benefits of this approach include simplification
and consistency of husbandry procedures, decreased energy
and cost related to autoclaving, and the possible extended cage-
change interval discussed earlier. Institutions must consider
these factors against the necessity of complete microenviron-
ment sterility for immunocompromised animals, increased
cost of bedding, and the possible physiologic effects related to
the proprietary manufacturing process, if any. Alternatively,
PCC and corncob beddings can each be used according to
need. Nonautoclaved PCC with standard enrichment material
may be sufficient for immunocompetent animals, balanced
against autoclaving the less-expensive corncob in cages for
immunocompromised rodents. This approach avoids the di-
minished ammonia control of autoclaved PCC yet reduces the
initial cost of materials. Although more flexible, this method

complicates institutional operating procedure and may lead to
miscommunication or confusion when preparing rodent cages.
Any inconsistency of bedding introduces a variable to research
and may confound experimental results.

The cost of implementing a change to PCC on the basis of the
benefits identified in this study was estimated at our institution.
Our institution uses 6 bulk sterilizers and 2 medium sterilizers
as part of its animal care and use program. The busiest facility
sterilizes approximately 27 loads each week, and each load
requires an average personnel time of 45 min (loading the bulk
truck for the cages, inserting the truck into the sterilizer, and
removing when finished); these data translate into a salary-and-
benefits cost of approximately $21 per load ($28,350 annually).
The cost of PCC is currently $11 per bag, as compared with
corncob bedding at $6 per bag. Replacement of all corncob
within this single facility with PCC would result in a savings
of approximately $4500 (7.7%) annually, when taking into ac-
count only personnel time and bedding cost. These calculations
do not consider capital equipment and maintenance costs nor
the increased time between cage changes, both of which might
translate into additional savings for the animal care program
overall. Likewise if PCC became generally accepted by more
facilities, bulk production likely would decrease price and
improve economic feasibility.

Overall, based on the results of the current study, the use
of PCC instead of standard corncob likely improves the cage
microenvironment and leads to cost savings. Further analysis
of the use of PCC bedding in sterile housing rooms is under
investigation at our institution, because autoclaving of this
bedding is not recommended.
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