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Comparison of Four Beddings for Ammonia
Control in Individually Ventilated Mouse Cages

Nicholas M Tataryn,” Cindy A Buckmaster,’ Rebecca S Schwiebert, and Alton G Swennes

Ammonia control is an important characteristic of rodent bedding materials. Among natural bedding materials, corncob
bedding provides excellent ammonia control but contains estrogenic compounds and is ingested by mice. By comparison,
processed cellulose bedding products are biologically inert and harbor fewer bacteria but historically have shown low ab-
sorbency or poor ammonia control. New cellulose products have been developed to address these shortcomings. Over a 2-wk
period, we evaluated intracage ammonia levels in mouse IVC using 4 bedding types: shaved aspen, corncob, virgin pelleted
cellulose, and refined virgin diced cellulose. Ammonia levels were measured by using 3 methods: colored reagent tubes, col-
orimetric paper strips, and a photoionization detector. Corncob, pelleted cellulose, and diced cellulose showed better ammonia
control than aspen as early as 4 d after cage changing and throughout the 2-wk measurement period. In addition, pelleted
and diced cellulose products resulted in lower ammonia levels than corncob at the end of the 14-d cage-change interval. Our
data indicate that pelleted or refined diced cellulose are viable alternatives to natural bedding products in IVC to limit the

risk of exposure of mice to high ammonia levels.
Abbreviation: PID, photoionization detector
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Control of intracage ammonia is a vital component of mouse
bedding. Increased ammonia levels have been associated with
impaired respiratory physiology, immune function, and hepatic
microsomal enzyme activity® as well as with increased severity
of Mycoplasma pulmonis infection.>' Ammonia levels are also
an important consideration in microenvironmental air quality
and bedding change frequency.’

Mouse bedding materials have traditionally consisted of
processed plant material, recycled or synthetic paper, and cel-
lulose products. Hardwood beddings such as shaved aspen
provide a natural material that is light and soft and allows for
burrowing and nest building, thus aiding in thermoregulation.®
However, wood beddings generally display poor fluid absor-
bency* and ammonia control.!® In comparison, pelleted corncob
is often selected for its availability, high absorbency, ability to
minimize ammonia levels, and low cost. In terms of ammonia
control, corncob has consistently been shown to perform better
than wood®!° or cellulose-based bedding products!!. Therefore,
corncob is often recommended for use in static cages or with
extended cage-change intervals.”

Despite the benefits of corncob bedding, concerns arise
regarding its potential biologic effects. Standard processing
involves primarily the pelletizing of corncob material and
does not eliminate microorganisms. Therefore, irradiation or
autoclaving are needed to avoid contamination from bacteria,?®
viruses,'® fungi!” and parasites.!> Corncob bedding contains
high levels of estrogenic compounds.?’ These compounds may
induce endocrine disruption with implications for breast and
prostatic cancer models'3 or alter rodents’ behavior.?! These
findings may have broad implications for studies involving
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behavioral testing or estrogen-dependent pathways. Fur-
thermore, mice may ingest corncob bedding, which contains
digestible material and can affect feed-conversion efficiency
in high-fat diet studies.!

Processed cellulose products are generally softer than corn-
cob, have good absorbency compared with unrefined wood
products, and are devoid of digestible material or estrogenic
compounds.!3 Standard processing of cellulose products usually
involves high temperatures and chemical extractants that result
in reduced endotoxin content and coliform counts compared
with natural bedding products.'* However, prior studies re-
ported that, compared with corncob, cellulose bedding provided
poor long-term ammonia control.!!

Some attempts have been made to manufacture cellulose
bedding with improved ammonia control characteristics.
Strategies have included pelleting, which provides added ab-
sorbency,? and refined pulping techniques targeted to reduce
ammonia levels.!® To assess these new bedding products, we
used a crossover design to compare the ammonia levels in cages
containing aspen shavings, corncob, virgin pelleted cellulose, or
refined virgin diced cellulose. Several methods have previously
been used to assess intracage ammonia levels. The 3 primary
modalities have been colorimetric paper, color-based reagents,
and photoionization devices (PID).!* We applied all of these
strategies to the same group of animals to provide a more robust
collection of data, increase confidence in results, and reduce the
number of animals needed to repeat experiments with different
modalities. We hypothesized that the novel cellulose materials
would perform better than aspen and corncob with regard to
microenvironmental ammonia control.

Materials and Methods

All activities were approved by the Baylor College of Medi-
cine JACUC and performed in accordance with the Guide for
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Figure 1. Bedding types. Bedding types are pictured in bedded cages. The 4 bedding materials used were (A) shaved aspen, (B) 1/4-in. corncob,

(C) 1/8-in. pelleted cellulose, and (D) refined virgin diced cellulose.

the Care and Use of Laboratory Animals.” Findings are reported
in accordance with the ARRIVE guidelines.!°

Animals and caging.All animals were adult male outbred
Crl:CD1(ICR) mice. Mice were bred from an established inhouse
colony with foundation stock originating from Charles River
Laboratories (Wilmington, MA). All mice were weighed 3 d
prior to beginning the experiment.

Facilities used for housing included a dirty-bedding sentinel
program, in which sentinels consistently tested negative for
mouse hepatitis virus, mouse rotavirus, lymphocytic chori-
omeningitis virus, ectromelia virus, mouse parvovirus, minute
virus of mice, pneumonia virus of mice, reovirus type 3, Sendai
virus, Theiler mouse encephalomyelitis virus, mouse adeno-
virus, K virus, polyomavirus, mouse cytomegalovirus, mouse
thymic virus, Haantan virus, and Mycoplasma pulmonis. In ad-
dition, sentinels were negative for parasites by fecal flotation,
anal tape test, and fur-mite examination.

Mice were housed in polycarbonate cages (7.5 in. x 11.75
in. x 5 in.; Allentown Caging, Allentown, NJ). Cages were all
equipped with polycarbonate lids including polyester microi-
solation filter inserts. Cage lids were left in place throughout
the measurement period. Cages were individually ventilated
in an IVC rack (Micro-VENT rack, model MAOJV140DD, Al-
lentown). Rack air supply was 100% HEPA-filtered outside air
with dampers calibrated to 60 air changes hourly per cage. Light
cycle was automated for a 12:12-h light:dark cycle. Mice were
given standard irradiated feed (LabDiet 5V5R, PMI Nutrition
International, St Louis, MO) and filtered water containing 0.5
to 0.6 ppm chlorine dioxide (Quiptrol 3000, Quip Laboratories,

Wilmington, DE) at point of use ad libitum. The holding area
was supplied with 100% HEPA-filtered outside air at 10 to 15 air
changes hourly. Macroenvironmental temperature and humid-
ity remained relatively stable throughout the study (68.9 to 70.0
°F [20.5 to 21.1 °C] and 41% to 54%, respectively).

Twenty cages were used, with 4 mice per cage. Mice were
divided into 4 groups of 5 cages each. To preclude variability
between groups, a crossover design was used in which each
group was exposed to each bedding type for a period of 2 wk.
Groups were assigned randomly at the beginning of the study
and then rotated every 2 wk. At the time of rotation, mice were
placed into clean cages, with each group moved to a different
bedding material, followed by ammonia measurements. This
crossover design yielded a total of 20 data points daily for each
bedding material.

Bedding materials.Four bedding materials were evaluated in
this study: kiln-dried aspen shavings (Northeastern Products,
Warrensburg, NY; Figure 1 A); 1/4-in. corncob (Bed-o” Cobs,
The Andersons, Maumee, OH; Figure 1 B); 1/8-in. pelleted
cellulose (BioFresh, Ferndale, WA; Figure 1 C); and a refined
virgin diced cellulose product (Alpha-Dri 2.0, Shepherd Spe-
cialty Papers, Watertown, TN; Figure 1 D). The diced cellulose
product is refined by using iron or copper during the pulping
process, which is later removed from the final product.!® Be-
cause autoclaving has been shown to affect intracage humidity
and temperature,?® cages were not subject to autoclaving,
and all of the bedding was irradiated. Each cage was filled
to a target volume, consistent with our institution’s standard
practices. Before study initiation, 5 cages of each bedding
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Figure 2. Intracage ammonia measurement techniques. (A) Colorimetric strips were torn into approximately 1-cm segments and inserted
through the cage’s water bottle port by using hemostats. (B) Colored reagent tubes attached to a sampling pump were inserted 4 in. into cages,
through predrilled holes located 1 in. from the cage bottom. (C) The photoionisation detector was connected to a hydrophobic filter, and a gas
sampling line attached to a blunted 16-gauge, 1.5-in. needle. The blunted needle probe was inserted fully into cages, through predrilled holes.

type were bedded to the standard level. Next, the bedding
was weighed, and we calculated the average weight used for
each cage. This amount was used throughout the remainder
of the study. Because the bedding types differed in density,
the weights used were proportional to their density: 33 g of
aspen shavings, 180 g of corncob, 140 g of pelleted cellulose,
and 155 g of diced cellulose.

Ammonia measurements.On Monday morning (day 0), all cages
were changed. Ammonia levels were measured immediately
after cage change and on Monday, Wednesday, and Friday of
the next 2 wk, providing measurements on days 0, 2,4, 7,9, 11,
and 14 after cage change.

Ammonia levels were measured in each cage by using each of
3 measuring devices. Colorimetric paper (Hydrion Test Papers,
Micro Essential Lab, Brooklyn, NY) was used by inserting paper
strips (approximately 1.0 cm x 1.0 cm) through the water bottle
port in the cage top, with the strip held approximately 1 in. from
the cage floor (Figure 2 A). Strips were wetted with deionized
distilled water just prior to placement and left in place for 15
s, based on manufacturer's recommendations. Readings were

made based on the color scale provided by the manufacturer.
Reagent tubes and the PID probe were placed through predrilled
holes 1 in. from the cage bottom. To minimize introduction of
outside air during measurement, the holes were sized to closely
approximate the diameter of the measurement devices. Be-
tween measurements, holes were covered with autoclave tape.
Reagent tubes (Gastec model 3La, NextTeq, Tampa, FL) were
inserted approximately 4 in. into the cage (Figure 2 B) while
attached to a sampling pump (Gastec Sampling Pump model
GV-100S, NextTeq). The sampling pump was used according to
the manufacturer recommendations, and the color change was
read according to the scale on the side of each reagent tube.
The PID (X-am model 8000 equipped with ammonia detector
chip only, Dréager Safety, Lubeck, Germany) was connected to
a hydrophobic filter and 6-ft gas collection tubing, which was
attached via luer lock to a blunted 16-gauge, 1.5-in. needle.
The full length of the needle was inserted through the same
predrilled hole as for the reagent tubes. The device was used ac-
cording to manufacturer recommendations to obtain ammonia
levels (Figure 2 C). At the beginning of the study, the PID was
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Figure 3. Intracage ammonia levels (mean + SEM) associated with 4 bedding types over time as measured by using (A) reagent tubes, (B) colori-
metric strips, and (C) a photoionization detector (1 = 20 measurements per group per time point). Significant (*, P < 0.05; +, P < 0.01; }, P < 0.001)
differences between beddings (green, aspen and corncob; black, aspen and pelleted cellulose; purple, aspen and diced cellulose; pink, corncob
and pelleted cellulose; red, corncob and diced cellulose; and brown, pelleted and diced cellulose) are indicated.

calibrated by using known standards (compressed ammonia
at 50 ppm and compressed oxygen) and then zeroed to room
air on each measurement day, according to the manufacturer’s
recommendations. Measurement outputs for each device were
given in parts per million. When ammonia concentrations ex-
ceeded 50 ppm by at least 2 measuring devices, the cages were
removed to avoid excessive distress or illness to the animals.
Using this endpoint criterion also allowed crossover between
treatments without the potential confounding effects of cumu-
lative ammonia-related pathology. After cages were removed,
the latest ammonia measurement was used for the remainder
of that 2-wk period to avoid artificially decreasing the average
for that group.

Statistics. Statistical significance was preset at P values of less
than 0.05. Differences in ammonia levels were analyzed by using
Kruskal-Wallis and posthoc Mann-Whitney tests for individual
group comparisons. In addition, cages were evaluated for the
time needed to exceed the threshold values of 25 and 50 ppm.
Values were assessed by survival analysis using a log-rank
Mantel-Cox test. A nonsurvival event was defined as a value
exceeding the given threshold according to at least 2 of the 3
measurement methods. Analysis was performed separately
for 25- and 50-ppm thresholds. Cages served as experimental
units for all analyses. Data analysis was performed by using
Prism 8.3.0 for Windows (GraphPad Software, La Jolla, CA).
Ammonia values are presented graphically as mean + standard
error of the mean.

Results

Individual mouse weights ranged from 36 to 57 g. Group
weight averages ranged from 42.7 to 45.4 g, with no signifi-
cant difference between groups, as determined by ANOVA
(P =0.27).

Kruskal-Wallis tests showed significant differences among
bedding types in ammonia levels measured by all devices
beginning at day 4 (P < 0.0001). Ammonia concentrations in
cages containing aspen bedding were significantly higher than
all other bedding types at all measured time points beginning
at day 4 (days 4, 7, 9, 11, and 14) when measured by using
reagent tubes, colorimetric strips, and PID (P < 0.01 for PID
at day 4, P <0.001 for all other comparisons; Figure 3). At day
7, cages containing diced cellulose had small but significantly
higher increases in intracage ammonia levels than did cages
containing corncob or pelleted cellulose when measured by
using reagent tubes and colorimetric strips (diced cellulose
compared with corncob, P < 0.05; diced cellulose compared
with pelleted cellulose, P<0.01; Figure 3 A and B). At day 9,
ammonia remained higher in cages containing diced cellulose
than in those containing corncob (P < 0.001) or pelleted cellu-
lose (P < 0.01) but only when measured by using reagent tubes.
On day 11, a significant difference was found between cages
containing pelleted cellulose and diced cellulose when meas-
ured by using reagent tubes (P < 0.01) and colorimetric strips
(P < 0.05) but not PID. These differences were not detected at
the conclusion of the cage-change cycle (day 14).
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types.

The ammonia levels in cages containing corncob bedding
were significantly higher than those containing diced cellulose
beginning at day 11 and continuing to the end of the cage
change cycle (day 14) when measured by reagent tubes (P <
0.001; Figure 3 A), colorimetric strips (P < 0.001; Figure 3 B), and
PID (P <0.05d 11; P < 0.01 d 14; Figure 3 C). On day 14, cages
containing corncob bedding had significantly higher ammonia
levels than those containing pelleted cellulose when measured
by using reagent tubes (P < 0.05), colorimetric strips (P < 0.05),
and PID (P < 0.01).

In addition to evaluating average ammonia concentrations,
we also evaluated cages for the time taken to reach the thresh-
olds of 50 ppm and 25 ppm ammonia. The 50-ppm threshold was
exceeded in 85% of aspen cages, 10% of corncob and pelleted
cellulose cages, and 5% of diced cellulose cages (Figure 4 A).
This value was used as a welfare endpoint, and mice in these
cages were removed from the study. By the end of the study,
the 25-ppm threshold was exceeded in 90% of aspen cages,
40% of corncob cages, and 10% of pelleted cellulose and diced
cellulose cages (Figure 4 B). Most of the cages that exceeded 25
ppm at the end of the study also exceeded 50 ppm at that time.

Comparison of survival curves by log-rank Mantel-Cox testing
revealed that all aspen cages reached 25 ppm sooner than all
other bedding types (P < 0.0001 for all comparisons). In addi-
tion, corncob cages reached 25 ppm sooner than either pelleted
cellulose (P = 0.035) or diced cellulose (P = 0.034). Aspen cages
also reached the 50 ppm threshold sooner than other bedding
types (P <0.0001 for all comparisons). Survival curves were not
statistically different when comparing the 50 ppm thresholds
for corncob to those of the cellulose products (P = 0.23 for both
comparisons).

Discussion

Our results showed that corncob, pelleted cellulose, and
refined diced cellulose consistently provided better ammonia
control in IVC than did aspen shavings. The novel cellulose
products performed better than corncob by the end of the 2-wk
study period, in contrast with a prior report using a traditional
cellulose product.!! The current study used novel cellulose bed-
dings designed to provide better ammonia control, including a
pelleted cellulose with porous pellets and a diced cellulose made
using a refined pulping process. Despite statistically significant
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Figure 5. Soiled cages after 2 wk of housing mice. These representative images of (A) shaved aspen, (B) corncob, (C) pelleted cellulose, and
(D) refined diced cellulose were obtained at day 14 after cage change from above (left panel) and below (right panel) each cage. Cages showed
visually similar accumulation of fecal material. Aspen and corncob cages show urine spots when viewed from the bottom of the cage, but cel-
lulose products did not. Pelleted cellulose showed primarily fecal accumulation, whereas diced cellulose showed fecal accumulation and yellow

discoloration.

differences between the 2 cellulose beddings used (days 7,9, and
11 for reagent tubes and days 7 and 11 for colorimetric strips),
the differences were of low magnitude and did not support an
overall conclusion in favor of either product.

Ammonia levels are an important factor in assessing cage
change interval. The Occupational Safety and Health Adminis-
tration has established a permissible ammonia exposure limit of
50 ppm as an 8-h time-weighted average. The National Institute
for Occupational Safety and Health and the American Confer-
ence of Governmental Industrial Hygienists have established
an exposure limit of 25 ppm as an 8-h time-weighted average.??
Although these exposure limits were established for the human
workplace, they form the only regulatory basis for evaluat-
ing ammonia exposure in any species and are often used as a
measure of maximal desired levels for changing of rodent cages.
According to these thresholds, our data suggest that cages with
aspen bedding require changing more frequently than weekly,
at which point most cages will have surpassed 25 ppm. Cages
with corncob bedding showed lower ammonia levels, but a high
proportion of cages still exceeded the thresholds of 25 ppm and
50 ppm ammonia by 2 wk (40% and 25%, respectively).

In contrast, only 10% of the cages with the novel cellulose
products exceeded 25 ppm ammonia by 2 wk. Cages with
these novel cellulose materials may therefore be better suited
to extended cage change intervals. The current study used 4

large male mice per cage to take advantage of increased biomass
and marking behavior to maximize ammonia levels. A longer
cage change interval might be appropriate for cages with less
biomass or a lower housing density.

Three ammonia measurement methods were used in this study.
The study was not designed to compare the devices, and the use
of different locations for the 3 devices precludes quantitative
comparison of the measurement methods. Instead, the 3 devices
allowed measurement at 3 separate locations throughout the cage,
representing 3 independent experiments. This approach allowed
us to assess whether effects were consistent among devices. As
a result, the minor, inconsistent differences detected between
corncob, pelleted cellulose, and diced cellulose before 14 d after
cage change were considered not to have practical relevance.

Although devices could not be compared quantitatively, all
were easy to use and required approximately the same amount
of time per measurement (just over 1 min). Reagent tubes gave
precise, reliable measurements and were our preferred method.
The tubes had an upper limit of 200 ppm, beyond which higher
scale tubes could have been used. Because of the levels measured
here, this limit was not a problem for our study. The PID gave
similar values to reagent tubes but was sometimes difficult to
interpret when the unit was unable to settle on a stable value.
This was especially true with high ammonia levels. The PID
also failed to register low values (< 10 ppm) and had an upper
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limit of 300 ppm, which was adequate for the current study.
Colorimetric strips were inexpensive, but interpretation of color
change was subjective, with some inconsistency across the strip.
Strips gave consistently lower values than reagent tubes or the
PID, often by 4-fold. Given that devices were used at different
locations, differences in ammonia levels and device performance
could have been a consequence of cage location rather than the
devices themselves.

Bedding properties might also affect the frequency of “as
needed” spot changes. Each soiled cage was photographed at day
14 or at the time of removal from the study, with representative
day-14 examples presented in Figure 5. Cages showed visually
similar accumulation of fecal material. Aspen and corncob
cages showed urine spots when viewed from the bottom of the
cage. Pelleted cellulose showed primarily fecal accumulation,
whereas diced cellulose showed fecal accumulation and yellow
discoloration. We did not observe the same correlation between
urine spot characteristics and ammonia levels that have been
reported previously for corncob cages ;24 however our observa-
tions were subjective, and the experimental setting differed from
the prior report. Aspen and corncob cages did show more urine
spots with time, which could be a useful visual aide for making
“as-needed” spot changes. When cellulose beddings are used,
other criteria must be used to evaluate cage soil level, although
spot changes may be required less frequently due to improved
ammonia control.

According to our results, either pelleted virgin cellulose or re-
fined virgin diced cellulose can be viable alternatives to corncob
bedding when the use of corncob may interfere with research
data, without the need for more frequent cage changing. In ad-
dition, these novel bedding types appear suitable for general
use with regard to successfully controlling intracage ammonia
levels during a 2-wk cage-change interval in IVC.
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