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Company
TAPVEI® is a leading manufacturer of high-quality aspen products for laboratory animals. The company has
over 25 years’ experience in improving animal welfare and creating better, safer working environments.
Products have been developed in co-operation with research laboratories and clients to create the perfect
environment.

Raw material
All our products are made from aspen (Populus tremula) which is a renewable, natural raw material. As a
natural hardwood, aspen is preferred to softwood materials such as spruce and pine for its lower pinene
content. The raw material is taken from pure Nordic nature, far away from heavy pollution and where levels of
herbicides, heavy metals and other harmful substances are very low.

Manufacturing process
Our production process, the best raw material and continuous quality control guarantee pure, safe and
natural products. Quality is ensured by using the same patented manufacturing techniques and applying the
ISO 9001:2008 standard. No pesticides or other chemicals are used during growth or processing of the trees.

Complete solution
Aspen bedding, nesting material and environmental enrichments provide a complete solution for animal
welfare. All products have been manufactured from the same safe and natural raw material, so that any
external influences affecting animal welfare (and thus test results) are reduced to minimum.

Product analysis
Finished products are analyzed in independent laboratories. Microbiological, chemical analysis and
environmental contaminants (PCBs, PAHs) is carried out 4 times a year. The test results of all TAPVEI products
are below GV-Solas critical values for feed.
TAPVEI® PRODUCTS IMPROVE ANIMAL WELFARE WITHOUT AFFECTING THE TEST RESULTS.
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Products
DIET BOARD

NEW PRODUCT

“Laboratory rodents are routinely fed ad libitum, i.e. food is available at all times in unlimited quantities. The
practice of ad libitum feeding has been widely criticized. Concerns include the high incidence of morbidity
and the low survival rates associated with ad libitum feeding. It has also been claimed to accentuate interindividual variability in research results. Dietary restriction, i.e. restricting caloric intake, has been proposed
to resolve many of these problems. Dietary restriction does decrease morbidity and mortality and can also
decrease result variation. However, the current methods of dietary restriction can also have negative impacts
on both animal welfare and scientific integrity. Dietary restriction often subjects the animals to social isolation
and to abnormal feeding schedules. As a consequence, the animals may suffer from unfulfilled behavioural
needs and the interpretation of research results might suffer from the disrupted circadian rhythms.
A novel method of dietary restriction, the diet board, was developed as a solution for feeding laboratory rats.
The diet board is a wooden board into which food pellets are embedded. In order to obtain food, the rats have
to gnaw at the wood, making it more difficult to eat. The diet board can be kept in the cage continuously. The
diet board offers the possibility of combining dietary restriction with group-housing and unaltered circadian
eating rhythms.”
Kasanen, I., 2009, “The diet board – a novel method of dietary restriction for laboratory rats”. Doctoral thesis
(in press), University of Helsinki, Finland.
For more information on this subject see:
3. “Work for Food – A Solution to Restricting Food Intake in Group Housed Rats?”. Niina Kemppinen, Anna
Meller, Kari Mauranen, Tarja Kohila & Timo Nevalainen. Published by Scandinavian journal of Laboratory
Animal Science 2008 vol.35 No.24.
4. “A novel dietary restriction method for group-housed rats: weight gain clinical chemistry
characterization“. I.H.E.Kasanen, K.J.Inhilä, J.I.Nevalainen, S.B.Väisänen, A.M.O.Mertanen, S.M. Mering &
Timo Nevalainen. Published by Laboratory Animals 2009; 43, 138-148.
5. “The diet board: welfare impacts of a novel method of dietary restriction in laboratory rats”.
I.H.E.Kasanen, K.J.Inhilä, O.M. Vainio, V.V.Kiviniemi, J.Haul, M.Scheinin, S.M.Mering & T.O. Nevalainen.
Published online on 23 February 2009 Lab Anim, dol:10.1258/la.2008.008066.
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TAPVEI® ASPEN BEDDING
TAPVEI® ASPEN BEDDING is manufactured using the best natural raw materials. The chips are heated at
100-120°C, screened and sieved under constant monitoring. The end product is practically dust-free and is
ideal for mice, rats, guinea pigs, hamsters and gerbils. It is also good for hairless animals. The bedding is very
absorbent, circulates well and does not clot. There are several packaging alternatives to choose from: paper,
vacuum and fiber.
Chip sizes: 5x5x1 mm and 2x2x1 mm
• Recommended for IVC isolators and automated systems
• Ideal for use within automated bedding dispensers
• Autoclaveable		
• Full batch analysis		

• Biodegradable
• Produced from untreated raw material
• Moisture content ≥10%
• Highly absorbent

• Specific weight 180-200 kg/m³
Usage
Small cage

42x24x15 cm

circa 9 dl

Large cage

49x29x20 cm

circa 12 dl

1 cage

1 rat

Once a week

1 cage

over 3 rats

Twice a week

1 cage

mice

Once a week

Change of bedding

2x2x1 mm		

4

5x5x1 mm

TAPVEI® NESTING MATERIAL
TAPVEI® NESTING MATERIAL (wooden wool) is made of pure aspen. The soft strips of wood are ideal for nestbuilding and cage enrichment for mice and rats, but also suitable for other animals. There are three different
nesting materials.
• Clean, safe, natural
• Autoclaveable
• Full batch analysis

• Biodegradable
• Produced from untreated raw material
• One 3 kg bag last for up to 600 cages

Selling unit: 90 L (ca 3 kg) bag or pallet (21 bags/pallet)
Product code

Size

PM90L

Circa 1,5 mm x 20 cm		 for mice

PM90L/R

Circa 3 mm x 20 cm		 for rats

PM90L/2R

Circa 5 mm x 20 cm		 for mice and rats

PM90L

PM90L/R

PM90L/2R
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TAPVEI® ENVIRONMENTAL ENRICHMENTS
The products are especially suited for fulfilling animals’ natural physical and safety needs such as hiding,
climbing, gnawing and maintaining general wellbeing. They also reduce abnormal behavior such as
aggression and apathy. The animal can safely bite on the aspen products.
• Natural, clean and safe
• Autoclaveable
• Full batch analysis
• Biodegradable

• Produced from untreated raw material
• Washable and reusable up to 14 times
• Selling unit: box or pallet (80 boxes/pallet)

For more information on this subject see:
1. “Durability and Hygiene of Aspen Tubes Used for Providing Environmental Complexity for Laboratory
Rats”. Hanna-Marja Voipio, Tuula Korhonen, Tarja Koistinen, Henry Kuronen, Satu Mering & Timo Nevalainen.
Published by Scandinavian Journal of Laboratory Animal Science. 2008 Vol.35 No.2
2. ”TheEffect of Diving Walls, a Tunnel, and Restricted Feeding on Cardiovascular Responses to Cage
Change and Gavage in Rats (Rattus norvegicus)”. Niina Kemppinen, Anna S Meller. Kari O Maurainen,
Tarja T Kohila & Timo Nevalainen. Published by Journal of the American Association for Laboratory Animal
Science. Vol.48. No2, March 2009, Pages 157-165.
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GNAWING BRICKS
These bricks, designed for chewing and gnawing, will help the animals satisfy their natural instincts and
exercise their teeth and gums, promoting dental health.
Product code

Size

Pcs/kg/box

L-brick

200x43x43 mm

50

M-brick

100x20x20 mm

200 pcs or 4,3 kg

S-brick

50x10x10 mm

1000 pcs or 2,8 kg

TUBES
Ideal for refuge and to stimulate activity. Also good for gnawing. Provides a solid floor to rest on. Good for
wire-bottom cages.
Product code

Size

Pcs/box

L-tube (for rats)

198x105x105 mm

6

S-tube (for mice)

100x75x75 mm

30
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MOUSE HOUSES & GUINEA PIG HOUSE
Product code

Size

Pcs/box

Mouse House

110x110x67 mm, Ø30 mm

20

Mouse Cabin

155x92x85 mm, Ø30 mm

20

Mouse Cabin with stairs

155x92x85 mm, Ø30mm

20

Guindea Pig house

220x178x138 mm, door 70x90 mm

2

ARCADES & CORNERS
Accessories without bases can be used with nesting materials and are easier to lift when the animals are
inside. Accessories without bases are also more hygienic, since the animals lie on bedding material.

8

Product code

Size

Pcs/box

Arcade 14

198x105x90 mm

12

Arcade 17

198x140x107 mm

8

Corner 15

135x75x80 mm

60

Corner 15 with stairs

135x75x80 mm

60

Options for enriching the cage life of mice
Product code

Size

Pcs/box

Tunnel

100x40x40mm, Ø30 mm

100

Labyrinth

150x10x43 mm, Ø30 mm

50

Cube

60x60x60 mm, Ø30 mm

72

Stairs

75x20x208 mm

40

9

RABBIT MARKING BRICK
Designed for rabbits for scent-marking. Easy to attach to cage walls.
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Product code

Size

Pcs/box

Rabbit Brick

58x23x65 mm

100

CERTIFICATES OF ANALYSIS
The microbiological, chemical and environmental research results of TAPVEI® products are all below the limits set
by GV-Solas guidelines for animal feed. This is important, as animals will eat everything they find in their cage.

Microbiological critical values
(Source: Guidelines for the quality-secured production of laboratory animal feeding stuff. Society for
Laboratory Animal Science, GV-SOLAS, Committee for the Nutrition of Laboratory Animals, August 2001)

Aerobic total germ count

Critical value
<1x105

Yeasts/Moulds

<1x103

Enterobacteriaceae

100

§64 LFGB 06.00-18*
§64 LFGB 01.00-37*
§64 LFGB 05.00-5*

E.coli
10
Coagulase-positive staphylococci 10
§64 LFGB 00.00-55*

Salmonella

§64 LFGB 00.00-20*

—

*official method
cfu: colony forming unit

Critical values of contaminants
(Source: Guidelines for the quality-secured production of laboratory animal feeding stuff. Society for
Laboratory Animal Science, GV-SOLAS, Committee for the Nutrition of Laboratory Animals, August 2001)
mg/kg		
Chlorinated hydrocarbons		
Phosphoric acid ester
HCB
0,01
Malathione
o, ß, d-HCH
0,02
Fenitrothione
g-HCH (Lindane )
0,10
Pirimiphos (-methyl)
Heptachlorine and -epoxide
0,01
Chlorpyriphos (-methyl)
o, g-Chlordane
0,02
Other phosphoric acid esters
Aldrien and Dieldrin
0,01		
Endrine
0,01
Poly-chlorinated biphenyls (PCB)
DDE + DDD + DDT
0,05		
o, ß Endosulfane und -sulfate
0,10

mg/kg
1,0
1,0
1,0
1,0
0,5

0,05

Heavy metals		
Arsenic
1,0
Lead
1,5
Cadmium
0,4
Mercury
0,1
Fluorine
150

Mykotoxins
Alfatoxin B1
Alfatoxin B2
Alfatoxin G1
Alfatoxin G2

0,010
0,005
0,005
0,005

Nitrosamines		
Nitrosodiethylamine (NDEA )
0,01
Nitrosodimethylamine (NDMA) 0,01
		

Fusarien toxins
Deoxynivalenole
Ochratoxin
Zearalemone

0,500
0,100
0,100

Dry weight 88%
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Tapvei® bedding certificate of analysis

12

Tapvei® enrichments and nesting certificate of analysis
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Tapvei® enrichments certificate of analysis

14

Tapvei® nesting material certificate of analysis
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Durability and Hygiene of Aspen Tubes Used for Providing
Environmental Complexity for Laboratory Rats
by Hanna-Marja Voipio, Tuula Korhonen, Tarja Koistinen, Henry Kuronen, Satu Mering & Timo Nevalainen.
Laboratory Animal Centre, University of Oulu, Oulu; National Laboratory Animal Centre, Department of Biosciences
University of Kuopio, Kuopio; Finnish Food Safety Authority, Oulu Research Unit, Oulu; Department of Basic
Veterinary Sciences, University of Helsinki, Helsinki, Finland.
Summary
In Europe the provision of environmental complexity for laboratory animals is mandatory unless there is some
welfare-related or scientific reason to prevent their inclusion. Any chemical compound present in the added
item to the cage represents a potential confounding factor in the study. The best remedy to this problem is
to use a material, such as the wooden bedding material which is already present in the cage. The durability of
wooden items means they can be used several times, but they are considered difficult to sanitise. Furthermore,
items that are made of several parts may be more easily destroyed than those made of a single unit. This
study was designed to explore the durability and possible practical problems associated with sanitation and
hygiene of a commercially available aspen tube intended for routine use with rats. The wooden items used
were rectangular tubes (20x11x11 cm) made of dried aspen board with the walls being held together with
aspen pins. Before the first use, all of the aspen tubes were autoclaved. At each cage change, the tubes were
rinsed either under a pressure washer without detergent or rinsed combined with autoclaving. The tubes
were observed for durability and sampled for microbes after use and after sanitation. All of the tubes were
discarded before the 14th use. Washing as the sole sanitation method decreased total bacterial burden and
coliforms during the first three cycles as compared counts prior to wash. With respect to fungi there were no
differences between the sanitation groups. In conclusion, when aspen tubes are cleaned with plain water
and pressure, they can be effectively cleaned for up to four cycles. When autoclave treatment is added to
the wash cycle, it is the macroscopic damage, which determines the usable life of the item. It appears that
aspen blocks can be used in rat cages more than once without any danger of elevating the microbiological
burden.
Introduction
In Europe the use of environmental enrichment for
laboratory animals is mandatory; unless this is not
possible for welfare or scientific reasons (Council of
Europe, 2007; European Union, 2007). For example,
a welfare reason could be fighting between
incompatible animals or aggression provoked by
items added into the cage (Kaliste et al., 2006), Quite
simply, if the added item does not improve animal
welfare, it is useless. Furthermore, if the added item
is suspected of interfering with the study or its
interpretation, i.e. does not have scientific ‘safety’,
then better solutions have to be sought. This safety

aspect is commonly understood as the item being
non-toxic, but this is a far too restricted approach.
Any chemical compound added to the cage
represents a potential confounding factor in the study
and items added to furnish the cage environment
are no exception in this respect. For example volatile
compounds present in bedding can act as inducers
of hepatic microsomal enzymes and this can impact
on pharmacological effects e.g. duration of drug
induced sleeping time (Ferguson, 1966; Vesell, 1967;
Wade et al., 1968; Sabine, 1975; Cunliffe-Beamer et al.,
1981; Nielsen et al., 1984; Weichbrod et al., 1988), but

Published in the Scandinavian Journal of Laboratory Animal Science 2008 Vol. 35 No. 2
*Correspondence: Hanna-Marja Voipio
Laboratory Animal Centre, P.O.Box 500 FIN-90014
University of Oulu, Finland
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also in some aspects of endocytosis (Buddaraju & Van
Dyke, 2003). Furthermore, it may take several weeks
for the enzyme activities to return to normal once
the animals are on a different type of bedding (Davey
et al., 2003). A more recent example is bisphenol A
leaching from polycarbonate equipment (Howdeshell
et al., 2003) having estrogenic effects on the animals
living in the cage (Krishan et al., 1993).
Items made from organic materials have been shown
to emit volatile compounds including pinenes, but
this problem can be solved by prior heat treatment
(Nevalainen & Vartiainen, 1996). Nonetheless the
best way to overcome exposure of animals to new
chemical compounds is to use a material already
present in the cage or to use genuinely inert
materials. One solution would be to use items
made of bedding material (Eskola et al., 1999), or
combinations of bedding and diet (Kemppinen et al.,
2008). If hardwood chips are used as bedding, then
the logical approach is to use the same hardwood to
build items or structures which could be placed in
the cage to enrich the environment. Moreover, rats
seem to like wooden, chewable objects preference
to a diverse group of other items (Chmiel & Noonan,
1996).
Wooden items are believed to be difficult to sanitise,
and hence regarded as being good only for single use
and then being disposed. This, however, is a wasteful
and expensive practice. The durability of the wooden
items may well exceed a single use, provided they do
not represent a source of contamination. There are
few recommendations for cleaning the items added
to cages, perhaps due to the wide variety of materials
that have been used (Coviello-McLaughlin et al., 1997;
Smith & Hargaden, 2001).
Obviously the animal facility must decide whether the
items are to be changed at the same time as the cage,
and if not, how should they be washed or autoclaved.
It is clear that items that are made of several parts
may be more easily destroyed during cleaning and
sanitation than those made of one. Furthermore,
rodents will gnaw wooden items (Chmiel & Noonan,
1996; Eskola et al., 1999) and this may also decrease
the durability of items made of wood. This study
was designed to explore the lifespan, the practical
sanitation and associated hygiene problems of the
routine use of commercial available aspen tubes for
rats.
Materials and Methods
The study protocol was reviewed and approved by
the Animal Care and Use Committee of the University
of Kuopio. The durability of aspen tubes (Study l) was
studied in two facilities: National Laboratory Animal

Center of the University of Kuopio and Laboratory
Animal Centre of the University of Oulu. The study
protocol was similar in both laboratories. The
hygienic study (Study 2) was done solely in Oulu.
Study 1. The durability of aspen tubes
Aspen tubes
The wooden items were rectangular tubes (20x11x11
cm, 1.5 cm wall thickness, Figure 1) made of dried
aspen board (Populus tremula, Tapvei Oy, Kaavi,
Finland). The walls of the tube were pinned together
with aspen pins (4.0x0.6x0.6 cm) in predrilled holes,
i.e. no glue was used. Altogether 120 tubes (60 in
each facility), identified with a number were used in
the experiment.
Animals and environment
In Kuopio, a total of 448 barrier bred outbred male
Wistar rats (WH, Hannover origin) in 112 cages used
the tubes. During the study, the rats were 4-11 weeks
old, weighing 60-310 g. The rats were housed in solid
bottom stainless steel cages (48x29x20 cm) in groups
of four. In Oulu, 440 barrier bred outbred Sprague
Dawley rats (Mol:SPRD) participated in the study. The
age of the rats varied between 5-14 weeks and the
weight ranged from 97 g to 363 g. There were four rats
in each solid bottom polycarbonate cage (55x35x20
cm, Makrolon®). The cages were allocated randomly
into racks with other rat cages. The experimental rats
were not accustomed to aspen tubes prior to the
study in either facility.
In both animal units, the ambient temperature was
21±1°C and the relative air humidity (RH) 55±10%.
The automatic light and dark cycle of the animal
rooms was 12 hours light and 12 hours dark, lights
on at 07.00 and off at 19.00 hours. Pelleted rat food

Figure 1. Picture of new (right) and partly gnawed
used tube (left). Fragment of aspen wood from other
tubes appear at the front of the tubes. The three pins
joining the boards at each corner are shown with the
red arrows.
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Figure 2. Cumulative mean disintegration of aspen tubes (n = 120) after each cycle (= 0.5 weeks). The tubes
were autoclaved before use and after each cycle in use. Relative humidity (RH) results were calculated with
Linear mixed model using tube as the subject and time point as the main effect.
(Kuopio: R36, Lactamin Ab, Stockholm, Sweden;
Oulu; RM3, SDS, Essex, England) and tap water in
polycarbonate bottles were available ad libitum.
Aspen bedding (Tapvei Oy, Kaavi, Finland) was used
in both units. Since the sizes of the cages differed
between the two facilities, the volume of bedding
was equalized to 1.2 ml/cm2 of cage floor area. Cages,
bedding and water bottles were changed twice a
week.
Study protocol
Before their initial use, all aspen tubes were
autoclaved. During the cage change, a tube would
be placed into the rat cage, always the same, coded
side upwards. In the next cage change, that tube
was removed from the cage, washed with a pressure
washer without detergent (to avoid any residues) and
autoclaved for 12 min at 134°C with a drying time of
5 min. After this sanitation process, the tubes were
again returned to the cages at random. One cycle in
use was the time between the routine cage changes
i.e. 3 to 4 days.
The tubes were observed at each change for durability
in terms of the cracking of the wooden material as
well as loosening of the aspen pins and joints. The
tubes were removed from the experiment when
they were either completely or nearly broken. The
number of the cycles passed in use was recorded.
Study 2. The hygiene of aspen tubes after use and
transport
Animals and environment
18

The animal stock was the same as in study 1, but the
rats were not the same. The animal care and housing
were identical to the Study 1 in Oulu. A total of 40 rats,
in groups of four, were involved. At the beginning of
the experiment the rats were 6 weeks old.
Aspen tubes and the experimental protocol
The same type and quality of aspen tubes were used
as in Study 1. Altogether ten tubes were divided into
two tube-sanitation groups:
1. Rinsing and then leaving to dry in open room air
after each use.
2. Rinsing and autoclaving after each use.
A coded aspen tube was inserted into each cage at
the cage change and subsequent used for 3.5 days
till the next change. After a new sanitation and
sampling, the tubes were returned back to the same
cages.
Microbiological sampling and cultivation
At each cage change, the samples were taken
first from dirty, used tubes. After the first sample,
the tubes in group 1 were thoroughly rinsed with
a pressure washer (Kew Alto 4040 CA, Kew Alto,
Billund, Denmark), using municipal water but no
detergent. The tubes were left to dry at normal
room temperature for 24 h and the microbiological
sampling was repeated. The tubes in group 2
were sampled and washed similarly, but they
were subjected to autoclaving or 19 min at 121°C
with a drying cycle of 11 min. Since the cleaning,
autoclaving and drying took over 24 h, the tubes re-

Figure 3. Total bacteria counts (CFU / 100 cm2) of aspen tubes after use and after sanitation in wash only (W)
and in wash and autoclaving (WA) groups. When autoclaving was used, values were always zero in “After
sanitation / WA“ group. Each box represents five tubes showing the median, quartiles, outliers and extreme
values within a category.
entered cages at the next cage change. Meanwhile,
there were substitute tubes, not part of this study,
placed in the cages.
Microbiological sampling and cultivation followed
the recommendation of the Nordic Committee on
Food Analysis (1987). The samples were always taken
from the same part of the aspen tube. The area
of 10x10 cm was measured at the inside bottom
(inside floor) of the tube, always at the same end. A
sterile moist cotton-wool swab was rubbed through
this whole area, sampling also the sidewalls of the
tube to a height of 1 cm. This was repeated three
times changing every time the direction of rubbing
and then the swab was inserted into the test tube
containing diluting liquid.
Three types of microbial analyses were performed.
The total bacterial count was chosen to represent the
hygienic status of the tubes. Coliform bacterial counts
were used as indicators of faecal contamination.
Fungi and yeasts have been shown to grow in

wooden bedding material, and since these microbes
may form toxins, the samples were also processed
for these microbes. The samples were cultivated
on Plate Count Agar (PCA), for 72 h at 30°C for total
bacterial counts; on Violet Red Bile Agar (VRB) for 24
h at 37°C for coliforms; and on Saboraud Agar for
168 h at 20°C, for fungi and yeasts. The number of
total bacteria, coliforms, fungi and yeasts are given
as colony forming units (CFU).
Microbes before and after transportation
A pilot trial was undertaken to determine whether
there would be microbial contamination of the
tubes after manufacture but before despatch,
after transport or finally after storage in the animal
facility.
After manufacture of the tubes, they were heat
treated for 10-15 min at 100°C, then stored for up to
two days in cardboard boxes. The temperature in the
factory storage room was 15-20°C and the RH below
19

Figure 4. Coliform counts (CFU / 100 cm2) of aspen tubes after use and after sanitation in wash only (W) and in
wash and autoclaving (WA) groups. When autoclaving was used, values were always zero in “After sanitation /
WA” group. Each box represents five tubes showing the median, quartiles, outliers and extreme values within
a category.
60%. Before transportation, the boxes were wrapped
with plastic. The transport took place together with
bedding bags, in a covered solid wall trunk. The
transportation distance in this trial was 400 km and
the total transportation and storage time was about
24 h.
A total of ten tubes were sampled for microbes and
surface moisture. The surface moisture was measured
to determine if there was any correlation between
the moisture and the microbiological growth. The
surface moisture was measured with a moisture
meter Humitest MC-100 S (Humitect OY, Helsinki,
Finland). Each tube was measured twice at a total
of five different points on all sides of the tubes and
inside the tube before the microbiological sampling.
The measuring was done by pressing the head of
the moisture meter onto the surface of the tube. The
results were expressed as % RH.
Microbiological sampling was done with the same
20

method as described previously. The first sample
was taken in the factory before dispatch. After
transportation, the tubes were unpacked in the
animal facility and sampled again. In the facility, the
tubes were stored in the bedding storage room (22
± 1°C; RH 45%). Additional samples were taken after
one and two weeks in the storage room.
Data analyses
In Study 2. CFU/100 cm2 values were calculated from
each sample for total microbes, coliforms, fungi and
yeasts. The effect of the sanitation procedure was
tested in both sanitation groups after each cycle
in use by comparing the microbial counts after use
to the counts after tube sanitation. Comparisons
were made using Wilcoxon Signed Ranks test. The
differences between the two cleansing methods
were tested with Mann-Whitney U-test, by comparing
the microbial counts of tubes in the washing group

to those of washing and autoclaving, after each use
and sanitation cycle.
Results
The durability of aspen tubes
All the tubes were broken before the 14th use cycle.
The half life of the tubes was about six cycles in
both facilities (Figure 2). The rats gnawed the tubes,
but none of the tubes broke because of excessive
gnawing. In contrast, all of the tubes became
unusable because the pins came loose.
Microbe counts and the effect of sanitation
The total bacterial counts after use and after sanitation
are shown in Figure 3 and the corresponding coliform
values in Figure 4. The growth of different fungi was
insignificant and there were only a few, single CFU of
these microbes.
The effect of sanitation was assessed in both groups.
Rinsing as the sole sanitation method decreased
significantly (p < 0,05) total bacterial burden at 1st-4th
and 6th cycle as compared with the respective priorto-wash values, but there was no effect on the 5th,
7th or 8th cycle (Figure 3). Simple rinsing decreased
coliform values between the 2nd-4th cycles (p <
0.05, Figure 4). When the rinsing was complemented
with autoclaving no microbial growth was seen.
Since fungi were not really a problem there were
no differences between the effectiveness of the two
types of sanitation.
Comparison of total bacterial counts between the
two sanitation groups after each use cycle, but
before sanitation showed a single significant (p <
0.05) difference found at the 2d cycle where the
wash-with-autoclave group had higher CFUs (Figure
3). After the sanitation process, plain rinsing was less
effective (p < 0.01) than rinsing with autoclaving from
the 4th cycle till the end of the trial (Figure 3). Again
for fungi and coliforms, there were no differences
between counts with respect to sanitation procedure
(Figure 4).
The hygiene and humidity of aspen tubes from
manufacture to storage
There was no growth of bacteria or fungi before
or after transportation, or during the first week in
storage. Subsequently two tubes out of ten showed
one bacterial, and three tubes exhibited one fungal
colony on the second week when these were cultured
on Petri dishes. There was a significant (p < 0.001)
difference between RH values after transportation
compared to the corresponding values after two
weeks of storage in the facility; RH increased from
7.6% to 8.3%.

Discussion
In principle all new materials to which animals are
exposed in the cage may interfere with a study or
interpretation of its results. Traditionally pesticide
residues and heavy metals have caused concern as
opposed to chemicals normally present in the cage.
Unless the confounding potential of all chemicals is
known, the best remedy is to utilize only materials
already present in the cage or inert materials. This
aspect is widely ignored when items are placed into
cages for enrichment purposes.
Which materials are already in the cage? Older cages
are made of polycarbonate plastic, which can hardly
be considered inert because these kind of plastics
are known to leach breakdown products, which have
estrogenic effects (Howdeshell et al., 2003; Krishan
et al., 1993). Water bottle caps and sometimes the
cages themselves are made of stainless steel (Voipio
et al., 2008), which can be considered to be an inert
material. The feeding method may not come into
mind at first sight, but food pellets have been used
in diet boards made of wood. These boards can
be used to control obesity, but also contribute to
cage structural complexity (Kemppinen et al., 2008).
Items could be constructed from the same wooden
material as used for bedding chips. This would
seem to be the most logical and obvious choice for
building furniture elements to be introduced in to
cage and this is the reason why an aspen item was
chosen in this study.
One of the most common bedding materials is
wood as sawdust or chips of variable particle sizes.
This same material in the form of wooden board
can be used to create various structures, such as
dividing walls, nest boxes, shelters and tunnels. A
hardwood material, like aspen is recommended to
avoid unwanted metabolic effects. If wood items are
used only once, and then thrown away, no saturation
is needed, nor is the structural durability of the item
a problem. However, this kind of practice is wasteful
and does not provide the olfactory clues preferred
by the animals. This study has evaluated the most
common sanitation options for aspen tubes and the
impact of these procedures on the durability of the
items, and in this way trying to clarify which is the
decisive factor in the use of these enrichment items.
The half life of the autoclaved tubes – six cycles
– is evidence that they are suitable for multiple
use in routine operation. Autoclaving results in
considerable wear and tear on the tubes, as opposed
o plain pressure rinse where the limiting durability
factor is the amount of wood gnawed by the rats.
After autoclaving it seems to be the wooden pins,
which keep the tube together; these represent the
weakest link. An attempt to solve the latter problem
21

with thicker pins was made during this study, but
without success.
Autoclaving as a process leads to a ten-fold decrease
in the amount of volatile compounds – including
pinenes – emitted from bedding material (Nevalainen
& Vartiainen, 1996), and this serves as a convenient
option to ensure that these materials do not
interfere with an experiment. Whether the situation
is similar with larger board pieces is unclear. Items to
be added into the cage should be treated similarly
to the bedding because items made of organic
materials may contain also volatile compounds, such
as pinenes.
Autoclaving, even plain water rinsing, are bound to
change the olfactory clues carried over to the next
cycle of use. Hence, a good sanitation practice does
necessitate marketing items in order to make sure
that they return to the cage of origin. This is important
because secretions, particularly urine, contain an
enormous amount of olfactory information; this is
how rats can identify the animal that produced the
odour (Agosta, 1992). An increasing urinary smell
as the material becomes impregnated with urine
may be revolting to humans, but how the rats may
perceive this sensory cue remains unknown.
Wood is a porous material, and hence it is difficult to
sanitise in order to maintain good hygiene. On the
other hand at some point it is clearly essential to
sanitize the items. Solutions meant for nonporous
materials, such as a tunnel washer (Smith & Hargaden,
2001). or cold sterilisation (Coviello- McLaughlin et
al, 1997) cannot be used, because detergent or the
sterilant may adhere to wood. In this study, the items
were removed for cleaning at every cage change,
i.e. after being in use for half a week. In the hygienic
evaluation, total microbial counts and coliforms
from surface swabs proved to be the most useful.
It appears that rinsing alone was good enough to
maintain a reasonably good level of hygiene until
the fourth cycle, i.e. two weeks use can be reached
with a plain pressure rinse (Figure 3).
The growth of fungi was only marginal, and it has
been shown that aspen chip bedding – even when
purposely contaminated with fungi – does not favour
the growth of fungi in the rat cage environment
(Pernu et al., 2000). In hygienic terms aspen boards
are better than aspen chips; total bacterial counts in
aspen bedding increase exponentially after four days
in the rat cage (Haataja et al., 1989). The difference
may be due to the hugely greater surface area of the
chips providing a better environment for microbial
growth. Furthermore, bedding chips cannot be
cleansed with water.
Hygiene appeared to remain satisfactory for a longer
period with a combination of wash and autoclaving.
An anecdotal finding during the study was the
22

smell of rat urine, which clung to the tubes after a
few cycles, which may be unpleasant to animal care
personnel. Nonetheless, autoclaving was destructive
to the structural integrity of the item and to the
number of times it could be re-used. In practice the
point where the item could no longer be re-used can
be judged visually.
Relative humidity (RH) stayed low throughout the
period from manufacture through two weeks in
facility storage. The statistically significant increase
in RH was so small as to be unimportant, the critical
point is that the RH should not become sufficiently
elevated to permit microbial growth. The presence
of a few isolated colonies on cultivation appears
accidental.
In conclusion, when aspen tubes are cleaned with
plain water under pressure, they can be effectively
cleaned for up to four cycles. Thereafter maintenance
of proper hygiene requires subsequent autoclaving.
Considering the macroscopic breakdown of the items
in, and labour associated with, autoclaving, it may be
enough to use pressurized water for sanitation up to
four cycles, and then dispose of the items.

References
Agosta WG. Chemical communication: the language of pheromones. Scientific American Library, New York
1992.
Buddaraju AKV & RW Van Dyke. Effect of animal bedding on rat liver endosome acidification. Comp Med 2003,
51, 616-621.
Chmiel Jr DJ & M Noonan. Preference of laboratory rats for potentially enriching stimulus objects. Lab Anim,
1996, 30, 97-101.
Council of Europe. Appendix A of the European Convention for the Protection of Vertebrate Animals used for
experimental and scientific purposes (ETS 123). Guidelines for accommodation and care of animals. Strasbourg
2006.
Coviello-McLaughlin GM, BA Mlas & SJ Starr. Rodent enrichment devices – evaluation of preference and
efficacy. Contemp Top Lab Anim Sci, 1997, 36, 66-68.
Cunliffe-Beamer TL, LC Freeman & DD Myers. Barbiturate sleep time in mice exposed to autoclaved or
unautoclaved wood beddings. Lab Anim Sci, 1981, 31, 672-675.
Davey AK, JP Fawcett, SE Lee, KK Chan & JC Schofield (2003). Decrease in hepatic drug-metabolizing enzyme
activities after removal of rats from pine bedding. Comp Med, 2003, 53, 299-302.
Eskola S, M Lauhikari, H-M Voipio & T Nevalainen. The use of aspen blocks and tubes to enrich the cage
environment of laboratory rat. Scand J Lab Anim Sci, 1999, 26, 1-10.
Ferguson HC. Effects of red cedar chip bedding on hexobarbital and pentobarbital sleep time. J Pharm Sci,
1966, 10, 1142-1143.
Haataja H, H-M Voipio, A Nevalainen, MJ Jantunen & T Nevalainen. Deciduous wood chips as bedding material;
Estimation of dust yield, water absorption and microbiological comparison. Scand J Lab Anim Sci, 1989, 16,
105-111.
Howdeshell KL, PH Peterman, BM Judy, JA Taylor, CE Orazio, RL Ruhlen, FS Vom Saal & WV Welshons. Bisphenol A
is released from used polycarbonate animal cages in to water at room temperature. Environ Health Perspect
2003, 111, 1180-1187.
Kaliste E, S Mering & H Huuskonen. Environmental modification and agonistic behaviour in NIH/S male mice:
Nesting material enhances fighting but shelters prevent it. Comp Med 2006, 56, 202-208.
Kemppinen N, A Meller; T. Kohila & T Nevalainen. Work for food – a solution for restricting food intake in
group-housed rats? Scand J Lab Anim Sci, 2008, 35, 81-90.
Krishnan AV, P Stathis, SF Permuth, L Tokes & D Feldman. Bisphenol-A: An estrogenic substance is released
from polycarbonate flasks during autoclaving. Endocrinology, 1993, 132 , 2279-2286.
Nevalainen T & T Vartainen. Volatile organic compounds in commonly used beddings before and after
autoclaving. Scand J Lab Sci, 1996, 23, 101-104.
Nielsen J B, O Andersen & P Svendsen. Effekt af strøelse på leverens Chytochrom P-450 system i mus. ScandLAS
nyt, 1984, ll, 7-13.
Nordic Committee on Food Analysis. Total number of microbes, determination with the swab method or
contact plate method on utensils in contact with food. No 5, 4th edition, 1987.
Pentu N, A Hyvärinen, M Toivola, A Nevalainen & T Nevalainen. Filter top cages: Mouldy homes for rodents?
Scand J Lab Anim Sci, 2000, 27, 1-12.
Sabine JR. Exposure to an environment containing the aromatic red cedar, Juniperus virginiana:
procarcinogenic, enzyme-including and insecticidal effects. Toxcol, 1997, 5, 221- 235.
Smith MM & M Hargaden. Developing a rodent enrichment program. Lab Animal, 2001, 30, 36-41.
Versell E. Induction of drug-metabolizing enzymes in liver microsomes of mice and rats by softwood
bedding. Science, 1967, 157, 1057-1058.
Wade AE, JE Hall, CC HIllard, E Molton & FE Greene. Alteration of drug metabolism in rats and mice by an
environment of cedarwood. Pharmacology, 1968, 1, 317-28.
Weichbrod RH, CF Cicar, JG Miller, RC Simmonds, AP Alvares & TH Ueng. Effects of cage bedding on microsomal
oxidative enzymes in rat liver. Lab Anim Sci, 1988, 38, 296-298.

23

Work for Food – A Solution to Restricting Food Intake in
Group Housed Rats?
by Niina Kemppinen1,*, Anna Meller1, Kari Mauranen2, Tarja Kohila1 & Timo Nevalainen3, 4
1
Laboratory Animal Centre and 4Department of Basic Veterinary Sciences, University of Helsinki, Finland
2
Department of Mathematics and Statistics and 3National Laboratory Animal Center, University of Kuopio,
Finland
Summary
Rodents spend a great proportion of their time searching for food. The foraging drive in rats is so strong that
the animals readily work for food even when food is freely available. Commonly used ad libitum feeding is
associated with a reduced life span, increased incidence of tumours and risk of liver and kidney diseases. It
is also considered to be the most poorly controlled variable in rodent bioassays. The aim of this study was to
assess whether rats will gnaw wood in order to obtain food hidden in wooden walls, whether this activity has
a beneficial effect on controlling weight gain, and whether a typical diurnal activity rhythm is maintained.
A total of 18 BN/RijHsd and 18 F344/NHsd male rats were housed in either open or individually ventilated
cages (IVC), three rats in each cage. 10 of 36 were fitted with a telemetric transponder. Four groups were used:
two groups (diet board and plain board) with a maze made of two crossed aspen boards, the third having a
rectangular aspen tube. One maze was of plainboard, but the other included drilled holes snugly loaded with
food pellets, the “diet board”, such that the rats had to gnaw wood to reach the food. The other two groups –
and the controls – were fed ad libitum. The study used a crossover design and the added item was changed
every two weeks. Rats, added items, and amount of food left at the end of the two week period were weighed.
The statistical assessment showed that in terms of weight gain there was a significant interaction both in IVC(p = 0.005) and in open cages (p < 0.001) between the strains and the group. In the F344 rats the diet board
was more effective in controlling weight, but when combining the strains, all comparisons with diet board
were significant (p < 0.05). Use of strain and added item as main effects, and age as covariate, showed that
in the IVC-system there was a significant (p < 0.001) interaction between the strain and the group, this effect
being rather clear in the F344 rats in terms of amount of food disappearing. In the open cage system, both
strain and group were significant (p < 0.001) factors; all three comparisons with diet board were significant
(p < 0.001) in the amount of food disappearing. In conclusion, the work-for-food approach appears to be a
promising way of avoiding obesity without causing untoward effects on diurnal activity in rats. Hence, the
approach may have considerable refinement and reduction potential.
Introduction
Obesity resulting from overeating is a universal
problem; and restricted feeding is the best remedy
to cure obesity-associated problems. This is also
true in laboratory animals. Laboratory rodents are
commonly fed ad libitum, e.g. food is available all
the time. However, there is ample evidence that ad
libitum feeding increases the incidence of kidney,
heart diseases, and neoplasias and shortens lifespan

in rats (Roe, 1994; Roe et al., 1995; Hubert et al., 2000).
Keenan et al. (1999) has stated that ad libitum feeding
of rodents is the most poorly controlled experimental
factor in animal-based research. In the long-term,
studies rats die prematurely due to malignancies and
degenerative diseases, and this impairs the statistical
sensitivity of the study and leads to more animals
being needed.
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Figure 1. Illustration of the study groups: A: diet board, B: plain board, C: tube, D: control. Both strains had one
of each added item for two weeks in both the IVCs and open top cages.
Group housing is the preferred method, and indeed
this is a regulatory requirement in Europe (Council of
Europe 2007; European Union 2007). However, when
animals are group housed, there is no practical or
effective way to restrict evenly the food intake of
all individuals within the group. Food consumption
within the group may also vary, with the dominant
animal eating more than the others. When animals
are housed individually, restricted feeding is
technically possible, but it may, depending how and
when food is offered, change the diurnal rhythm.
Furthermore, solitary housing is not practical because
it requires more cages, and hence is costly. Rats are
nocturnal animals and in their natural environment
they forage for food and eat mainly during the dark
phase because there is less risk posed by predators.
In animal facilities, rats also eat predominantly
during the dark period when the food is available ad
libitum (Spiteri, 1982; Strubbe et al., 1986b; Strubbe &
Alingh Prins, 1986), in fact eating during the dark is
probably genetically determined (Ritskes-Hoitinga
& Strubbe, 2004). It has been shown that when ad
libitum feeding was reinstated after a restricted
feeding schedule, the rats will immediately revert to
their original feeding pattern (Spiteri, 1982; Strubbe
et al., 1986b). Locomotion behaviour also increases if
the food deprivation period is longer than six hours
(Vermeulen et al., 1997); a probable consequence of
food searching behaviour.
Daily feeding activity and other diurnal rhythms are
controlled by the circadian oscillator, which is located
in the suprachiasmatic nuclei in the hypothalamus
(Stephan, 1984; Strubbe, et al., 1987; Ritskes-Hoitinga
& Chwalibog, 2003). When rats are fed with restricted
feeding they have access to food for a few hours,
and in most cases this coincides with the housing
facility’s working hours. In this kind of situation, they
eat all the food immediately, which will impair both
natural feeding pat patterns and gastrointestinal
physiology. This can lead to a phase-shift of many
biochemical and physiological functions in the
gastrointestinal tract of nocturnally active rodents
and further changes in serum insulin and glucose
(Strubbe & Alingh Prins, 1986; Strubbe, 1987; Rubin et
al., 1988), mucosal enzymes of small intestine (Saito

et al., 1975) and bile flow (Ho & Drummond, 1975)
in rats. Moreover, it has also been shown that an
altered feeding schedule results in changes of blood
pressure, heart rate and behavioural activity of rats
(van den Buuse, 1999).
A decrease in rat food intake in the early studies was
achieved with meal feeding; i.e. rats had access to
food for only couple of hours a day (Saito et al., 1975;
Stephan, 1984; Strubbe, & Alingh Prins, 1986; Roe et al.,
1995; van den Buuse, 1999), or simply offering them
a certain amount of food (Vermeulen et al., 1997;
Markowska, 1999; Hubert et al,. 2000). However, these
methods necessitate solitary housing of rats.
There are studies trying to combine group housing
and restricted feeding. Johnson et al. (2004) covered
the feeding area except for a one cm wide slot,
where the food was available to the rats. In the same
study they also had a “foraging device”, where rats
had to work, i.e. to move gravel for access to food.
With the slot approach the rats spent more time
feeding but consumed less food and with no effect
on body weight. The rats preferred eating from the
“foraging device”, and though they had to work
for food, the body weights of these rats were even
significantly higher than in ad libitum fed controls.
A third approach that had been tried is the addition
of largely indigestible sugar beet pulp fibre to the
chow; there were reduced weight gain benefits, but
also enlarged GI-track – especially caecum – in the
increased fibre-fed group (Eller et al., 2004).
We hypothesized that rats will only work – in this
case gnaw wood – for food they necessarily need,
provided that the work intensity is correctly set.
The aim of this study was to assess whether a novel
system of food restriction would have any effect on
weight gain over a short period, food utilisation and
amount of wood gnawed in adult rats and whether
their time budget differs from ad libitum fed rats.
Materials and Methods
Animals
A total of 18 BN (BN/RijHsd) and 18 Fischer344 (F344/
NHsd) male rats, all supplied from Harlan, (Horst, The
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Figure 2. The weight gain (mean ± SD) of BN and F344 rats in IVC (A) and open (B) top cages. There was a
significant interaction both in IVCs (p = 0.005) and in open cages (p < 0.001) between strain and group. In
F344 diet board was more effective in controlling weight, but when combining the strains, all comparisons
with diet board were significant (p < 0.05).
Netherlands), were used in this study. 10 of which
were fitted with a telemetric transponder (details
below). The rats were 25 weeks old and weighed
280-370 g (BN) or 350-460 g (F344), respectively, at
the beginning of the experiment.
Animal housing and care
Rats were housed in the same room either in open
top polysulfone cages (Tecniplast, Buguggiate,
Italy) or polysulfone individually ventilated cages
(IVC) (Tecniplast, Buguggiate, Italy) (3 rats/cage).
The cage type used was 1500U ***Eurostandard IV S
(48.0x37.5x21.0 cm – floor area 1500 cm2) with a solid
bottom and stainless steel wire lid; IVC cages had their
own double lids. The cage floor was covered with 3.0
l aspen chip bedding (of size 4x4x1 mm, 4HP, Tapvei
Oy, Kaavi, Finland). The cages were changed weekly.
The room temperature was 21.2±0.3°C and relative
humidity (RH) 53.5±7.7%, but the temperature was
1-4 °C and RH 2-3% higher in the IVCs than both in
open cages and in the room. Artificial lighting with
fluorescent tubes (light colour warm white) were
on from 06.00 to 18.00 and the light intensity at 1 m
above floor in the open cages was 16-18 lx compared
to 6-9 lx in the IVC’s. The sound level adjusted with
R-weighting in empty IVC cages was 20-25 dB(R)
compared to 12-18 dB(R) in the empty open cages,
with the corresponding adjusted A-weighting being
45-47 dB(A) and 46-49 dB(A), respectively. Tap water
was provided in polycarbonate bottles and changed
once a week and refilled once in between. For a more
thorough description, see Kemppinen et al. (2008)
preceding paper.
Experimental procedure
Animals were housed three animals per cage, one of
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them with telemetric transponder. The experiment
utilized a crossover design with two week rounds and
a rotational order. Within both strains there were two
different kinds of mazes (diet board and plain board)
made of two crossed aspen boards (34.0x14.7x3.2
cm; 21.1x14.7x3.2 cm), a rectangular aspen tube
(20.0x12.0x12.0 cm), or controls without any addition
(Figure 1). One maze included holes for food pellets,
the diet board, where rats had to gnaw for food, the
other was of plain board. The items were made out
of aspen because this was the same material as the
bedding presumably with the same emissions.
Irradiated (25 kGy) pelleted feed (2016 Global Rodent
Maintenance, Harlan Teklad, Bicester, UK) was offered
to three groups (plain board, tube and control
groups) ad libitum, while the diet board group had
the food pellets embedded snugly in drilled holes (12
mm) of the aspen board. The feed was added once a
week and weighed. The aspen boards were weighed
before and after the food pellets were placed into the
holes. These diet boards were changed once a week.
After the change, the remaining food pellets were
removed from the dietboards and weighed. Rats
were weighed before and after every study round.
All the aspen items were weighed before use and at
cage change.
In addition, to assess the effect of the various
feeding regimens on the rats’ physiological activity
and heart rate, ten rats had been implanted with a
radio telemetry transmitter (model TA11PA-C40;
Data Sciences International, St.Paul, MN, USA). The
cylinder shape transmitter body (3.0 cm long, Ø1.5
cm) monitored pressure and activity via a fluid
filled catheter (8 cm long) for sending the signals
to an electronics module. The electronics module
translated the signals into digitized form and

Figure 3. Food consumption (mean ± SD) of BN and F334 rats in IVC (A) and open top cages (B). In IVC-system
there was a significant (p < 0.001) interaction between strain and group, and the effect was quite clear in
F344 rats. In the open cage system, both strain and group were significant (p < 0.001) factors; in all three
comparisons differences with diet board were significant (p < 0.001). When the strains were pooled, the
difference was between 12-18% less as compared to respective controls.
transmitted them to the receiver plate located under
the cage. The receiver detected the transmitted
signal and converted it to a form readable by the
computer.
The rats were anesthetized with the combination of
fentanyl/fluanisone(Hypnorm®,JanssenPharmaceutica,
Beerse, Belgium) + midazolam (Dormicum®, Hoffmann
– La Roche AG, Grenzach-Wyhlen, Germany)(0.150.20 ml/100g SC). The abdominal area was clipped
and then scrubbed with MediScrub®, 1% triclosan
solution (Medichem International, Sevenoaks, UK)
solution and disinfected with chlorhexidine solution
(Klorohexol® 5 mg/ml, Leiras, Turku, Finland), and an
ocular lubricant (Viscotears®, Novartis Healthcare,
Copenhagen, Denmark) was applied on both corneas.
A sterile drape was placed over the surgical area and
a small area cut away to enable a 3 cm incision to be
made through the skin along the abdominal midline.
The sterile transmitter was presoaked in sterile saline
for at least 20 min before the surgery and then placed
into the abdominal cavity, and the catheter into the
abdominal aorta. The transmitter was sutured into
the abdominal wall with 4-0 Ethicon® Ethilon®II
(Johnson & Johnson Intl, St-Stevens-Woluwe,
Belgium) and the abdominal and skin incisions were
closed with 5.-0 Ethicon® Vicryl® (Johnson & Johnson
Intl, St-Stevens-Woluwe, Belgium). After the surgery,
the animals were given twice a day 0.01-0.05 mg/
kg SC buprenorphine (Temgesic®; Schering-Plough
Europe, Brussels, Belgium) and once a day a dose of 5
mg/kg SC carprofen (Rimadyl®; Vericore Ltd., Dundee,
UK) and parenteral fluids for three days. The pain
medication for each rat was titrated with individual
response. All rats were given initially buprenorphine
at the highest dose; this was continued for at least
two days; and carprofen medication for at least three

days. The animals were allowed to recover for ten
days before the experiment was started.
Data processing and statistical analysis
Activity and heart rate were processed for time
budget graphs from the telemetric signals for ten
min periods on the first, third, seventh and 13th
night and the following light period for each night
for all instrumented rats. The number of ten minute
periods without activity (activity = 0) were calculated
from the graphs, and comparisons made between
the groups during the 13th night, and between the
days processed in the diet board and plain board
group.
All data was assessed with Kolmogorov-Smirnov for
normality of distribution. Mixed-model repeated
measures ANOVA using strain and group as main
effects and age as covariate was applied to weight,
disappearance of food, wood gnawed and activity
during the dark. Significance was set at p < 0.05.
Results
Calculation on a rat basis showed that with respect
to the weight gain, there was a significant interaction
both in IVC (p = 0.005) and in open cages (p < 0.001)
between strain and group (Figures 2A & 2B). In F344
rats, the diet board was more effective in contro
ling weight, but when combining the strains, all
comparisons with diet board were significant (p <
0.05). When the calculation was done on a cage basis,
then it seemed that only the rats with the open-cage
type diet board displayed any significantly (p = 0.008)
reduced weight gain as compared to the plain board
group.
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Figure 4. Amount of wood gnawed shown as box plots in both the IVC (A) and open top cages (B). There was a
significant (p = 0.001–0.005) interaction between strain and group in both cage types. The rats gnawed more
wood with diet board as compared to plain board and tube groups in both caging systems. Furthermore,
F344 rats gnawed more wood than the BN rats.
In terms of food consumption and in the IVC-system,
there was a significant (p < 0.001) interaction between
strain and group, with the effect being clear in F344
rats (Figures 3A and 3B). In the open cage system,
both strain and group were significant (p < 0.001)
factors; all three comparisons with diet board were
significant (p < 0.001). When the strains were pooled,
the difference was between 12-18% less food eaten
as compared to the respective controls.
The amount of wood gnawed differed significantly
from normal distribution; hence a mixed model was
applied to the ranks. In terms of the amount of wood
gnawed, there was a significant (p = 0.001–0.005)
interaction between strain and group in both cage
types. The rats gnawed more wood with diet board
as compared to the plain board and tube groups in
both caging systems. Furthermore, F344 rats gnawed
wood more than BN rats (Figures 4A and 4B).
Typical activity and heart rate recordings for the
last light and dark period of the two week round
for both BN and F344 rats are shown in Figures 5A–
5D. Calculation from all diet board and plain board
activities shows that in both cage types there was a
significant interaction (p < 0.001) between the strain
and light, with both of the strains being more active
during the dark. F344 rats were significantly (p <
0.05) more active in the dark phase than BN rats in both
groups. There were no differences in the activity of the
rats between the diet board and plain board groups.
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Discussion
It has been demonstrated that rats prefer to work
for food. Carder & Berkowitz (1970) and Neuringer
(1969) reported that even if the rats had free access
to food they would rather earn their food as long as
the work demands were low. In a preference test,
rats preferred to eat mostly from the foraging device
which required digging gravel to achieve access
(Johnson et al., 2004). This preference of the rats may
reflect their need to perform foraging behaviour as
they would in their natural environment.
All the rats with the diet board grew less than other
groups in both cage types; especially in the F344 rats
the diet board was effective in controlling weight.
The F344 rats lost weight in the diet board group
especially in the open cages, when the rats were
older, but the magnitude of loss was marginal – only
a few grams over two weeks, most likely fat tissue
(Figure 2). The working hypothesis has been that
rats should grow less on the restricted feeding (Roe
et al., 1995; Hubert et al., 2000), but this has not been
observed in all studies. With the “foraging device”, the
weight gain of the rats was higher than in ad libitum
fed controls; and when the rats had limited access
to food, their body weights remained unchanged,
both being indications that the approach had been
unsuccessful (Johnson et al., 2004).
Eller et al. (2004) have tried to determine whether

Figure 5. Typical single rat (A = BN – dark, B = BN – light, C = F344 – dark, D = F344 - light) activity and heart
rate (HR) recording for the last 24 h of the two week round. There was a significant interaction (p = 0.000)
between the strain and light, and both strains were more active during the dark. F344 rats were significantly
(p < 0.05) more active in the dark phase than BN rats.
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consuming sugar beet pulp fibre made from
watersoluble polysaccharides would have any effect
on the weight gain of rats. The rats indeed grew
less with the fibre diet, but autopsy after the study
revealed an enlarged digestive system in the rats
that had received the fibre enriched diet – especially
the caecum was enlarged. This may be attributable
to the hygroscopic effect of the fibre.
The F344 rats ate more than the BN rats in all of the
groups. In the open cage system rats ate significantly
less in the diet board group compared to the other
three study groups. When the strain specific data
was pooled the difference was between 12-18% less
as compared to the respective controls. The rats in
the open cages ate more in the plain board group
than in the two other control groups – apparently
because the plain board round followed the diet
board round, and the animals regained their weight
loss in that round (Figure 3). In the study of Johnson
et al. (2004) the rats consumed less food when they
had limited access to food, while the contrary was
true with the “foraging device”, both as compared to
controls.
The rats gnawed the wood most with the diet board
as compared to plain board and tube groups in
both cage types. This was unavoidable task if they
wished to eat the food pellets. The F344 rats gnawed
wood significantly more than the BN rats – this may
relate to a difference in the natural behaviour of
these two rat strains (Figure 4). Eskola et al. (1999)
have shown that rats would spontaneously gnaw
aspen blocks and tubes but this opportunity for
gnawing combined with ad libitum feeding had no
effect on the growth of Wistar rats, a situation similar
to F344 rats in plain board and tube groups. The
F344 rats were significantly more active during the
dark than the BN rats in both cage systems. There
were no differences in the activity between the
plain board and diet board groups suggesting that
working for food was not overly strenuous to the
rats. Furthermore, the activity of the rats at that time
did not differ from their activity during ad libitum
feeding. It has been shown that when rats have
limited access to food they spend more time feeding,
but with the ”foraging device” the time spent feeding
was markedly decreased. There were only negligible

changes between the study groups in their relative
total activity levels (Hawkins et al., 1999; Johnson et al.,
2004). There were no changes in the social hierarchy
of the rats and no increased fighting or stereotype
behaviour when rats had limited access to food
(Hawkins et al., 1998).
The rats eat most of their food in the dark. In the
study of the Spiteri (1982) the rats consumed 94%
of their food intake during the dark. The normal
feeding activity of rats consists of two peaks during
the dark, the first one at the beginning of the dark
phase and the other at the end (Spiteri, 1982; Strubbe
et al., 1986a). Light is a strong ‘Zeitgeber’ because
it shifts the clock in a circadian timedependent
way ensuring synchrony with the external lightdark cycle. The feeding activity and other diurnal
rhythms are controlled by the circadian oscillator
of the suprachiasmatic nuclei in the hypothalamus.
It has been claimed that there are more oscillators
involved in the circadian system and this provides the
flexibility needed for adaptation to different external
and internal stimuli (Anglés-Pujolrás et al., 2006).
When the rats are given access to meals at set
times for a few hours each day, they eat all the food
almost instantaneously and spend the rest of the
day without food; this impairs their natural feeding
activity and associated gastrointestinal physiology.
This study used the diet board for food restriction
allowing rats to enjoy a natural feeding pattern and
indeed feeding activity was similar to the plain board
group (Figure 5).
The diet-board has clear advantages over previous
methods of restricted feeding. The rats can eat at any
time and in addition is unlikely to alter biochemical
and physiological phenomena timed by circadian
rhythm, as opposed to set meal times and most
other, if not all, restricted feeding methods (Ho &
Drummond, 1975; Saito et al., 1975; Stephan, 1984;
Strubbe et al., 1986b; Strubbe et al., 1987; Rubin et al.,
1988; van den Buuse, 1999). We conclude that the diet
board seems to be a promising way to control obesity
and health problems in laboratory rats. Challenging
questions still need to be answered to determine
whether this approach has refinement and reduction
potential.
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