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The greater cane rat, Thryonomys swinderianus, utilizes high fibrous plant material and is an
important meat source in West Africa. An insight in its digestive physiology will enhance our
understanding of its feeding habits. Digestibility coefficients of the food were determined
during two seasons before the animals were euthanased. The distribution and concentrations
of nutrients and energy in different parts of the gastrointestinal tract were determined at the
time of day when animals practised coprophagy. Trial 1 diet in the wet season consisted of 36%
neutral detergent fibre (NDF), 11% protein and 49% dry matter, while the Trial 2 diet in the dry
season consisted of 53% NDF, 8–9% protein and 89% dry matter. The Trial 2 animals on the
poor diet increased their daily nutrient intake, possibly increased the volume of digesta and
practised frequently cophrophagy, so that faecal production was reduced and digestibility
coefficients were relatively high. Coprophagy increased both protein and energy intake as soft
pellets in the distal colon had higher protein and energy content than the hard faeces. Energy,
protein and acid-detergent fibre were retained in the caecum of Trial 1 females and the caecum
and proximal colon of the Trial 2 animals 16 hours after feeding, illustrating the importance of
these two regions in the fermentation process. Water was absorbed in the distal colon as dry
matter content of digesta increased 53%, 4% and 56% from the proximal colon to the distal
colon. Animals produced hard faeces with only 16% and 5% lower moisture content in the dry
season, compared to that produced in the wet season, as water was not a limiting factor during
the trials. It was concluded that an increase in daily food intake, an increase in coprophagy and
the presence of a colonic separation mechanism (that retains small particles) enable the
greater cane rat to utilize high fibrous plant material. These digestive strategies seem to be
comparable to those observed in other hystricomorph rodents.
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INTRODUCTION
The greater cane rat, Thryonomys swinderianus, is
a hystricomorph rodent and is related to the
guinea-pig (Cavia porcellus), the nutria (Myocastor
coypus), the chinchilla (Chinchilla laniger) and the
degu (Octodon degus). Cane rats occur in reed beds
or tall thick-stemmed grass, often near water
courses (Skinner & Smithers 1990). Their diet is
strictly herbivorous and in the wild comprises
mainly roots, shoots and stems of grasses and
reeds, but they can be pests in maize fields, sugar
cane and wheat (Skinner & Smithers 1990). These
rodents have broad, sharp incisors that cut easily
through tough plant material; chopping these up
into short slices (A. van Zyl, pers. obs.; Ewer 1969).
In West Africa the cane rat is an important meat
source as wild ‘bush meat’, being the largest
rodent there, with mature adults weighing over
4 kg (Baptist & Mensah 1986; Kyle 1987). Farmers

are encouraged to rear them as backyard livestock
(Vietmeyer 1991). A knowledge of their digestive
physiology will contribute to our understanding
of the feeding habits of this animal.

Van Zyl et al. (1999) demonstrated that cane rats
are able to utilize high fibre diets. Digestibility
coefficients of dry matter, protein and neutral-
detergent fibre (NDF) in that study were interme-
diate to high compared to values reported for the
degu (Bozinovic 1995), on diets with comparable
NDF (53–55%) and protein contents. Cane rats on
the 30–33% NDF, 7–14% protein diets had compa-
rable digestibility coefficients (48–91%, Van Zyl
et al. 1999) than values obtained for the guinea-pig
(39–76%) on a 25% NDF, 20% protein diet
(Sakaguchi et al. 1987). However, Annor et al. (2008)
demonstrated that cane rats fed with a lower
protein content in the diet gained 36% less weight
and their carcasses had 51% less fat (i.e. low fat
deposition).

Cane rats practice coprophagy between 08:00
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and 11:00 in the morning (A. van Zyl, pers. obs.;
Ewer 1969). Holzer et al. (1986) observed four cane
rats that ingested 9.5% of their excreted faeces.
These rodents have a fully glandular and single
chambered stomach, but fermentation probably
occurs in the caecum (Van Zyl et al. 2005). In the
proximal colon two longitudinal folds are present
with a furrow between them. Van Zyl et al. (2005)
suggested that a colonic separation mechanism is
present in the cane rat as demonstrated for the
guinea-pig (Takahashi & Sakaguchi 2006), the
chinchilla and the nutria (Holtenius & Björnhag
1985; Snipes et al. 1988; Takahashi & Sakaguchi
2000).

The anatomy and histology of the gastrointestinal
tract of the greater cane rat was described by Van
Zyl et al. 2005. However, no studies to date were
done on the digestive process in these animals.

Van der Merwe & Van Zyl (2001) monitored the
growth rates of the cane rats used in the present
study, from birth to an age of up to 531 days on two
diets with a 10–12% difference in fibre content.
Growth rates of either the males or the females
respectively on the two diets did not differ as the
differences in dietary nutrient intake between the
diets were too small. However, males were heavier
than females from birth and male growth curves
levelled off at a significantly (57%) higher asymp-
totic body mass than female growth curves. The
inflection time was 45 days later in males than in
females.

Animals used in the present study were thus on
controlled diets from birth. At an age where
growth curves levelled off, animals were eutha-
nased to get an insight in their digestive process.
The aim of the present study was thus firstly to de-
termine digestibility coefficients of the food in two
seasons before the animals were euthanased. The
second aim was to determine the distribution and
concentrations of nutrients and energy in the dif-
ferent parts of the gastrointestinal tract at the time
of day when animals practiced coprophagy. These
results were then compared with that found for
other hystricomorph rodents.

MATERIALS & METHODS

Animal maintenance
Animals were born in captivity and housed in

135 × 40 × 45 cm3 wire-bottom cages and exposed
to natural photoperiod and temperature regimes.
Water was freely available. Animals were reared
on two experimental diets and food rations were

given in proportion to their body mass, from birth
till euthanasia (Van der Merwe & Van Zyl 2001).
Diets were adjusted fortnightly to compensate for
changing body mass. All experimental animals
were given the same grass species on a certain day.
Diets comprised mainly buffalo grass (Panicum
maximum var. trichoglume) and kikuyu (Pennisetum
clandestinum), maize kernels (Zea mays) and com-
mercial rabbit pellets (Epol, a division of Rainbow
Farms (Pty) Ltd). We included grass in the diet as
animals tended to become ill on strictly concen-
trate diets. Bedding (straw) was provided to re-
duce stress levels and for thermoregulation.
Although two different diets were offered to the
animals, they selected the food components in
such a way that the daily NDF and energy intake
did not differ significantly (Van der Merwe & Van
Zyl 2001).

Males were caged individually as soon as they
showed aggression towards each other. Two females
of the same litter were kept together in a cage.
Coprophagy was not controlled so that feeding
habits were maintained as normal as possible. We
recorded body mass (to the nearest gram) twice a
week.

Feeding trials and slaughter procedure
Two feeding trials of four days each were con-

ducted prior to euthanasia at an age when the
animals’ growth curves had levelled off. Most of
the females (six of the eight) were euthanased first,
in January 1996 as their growth curves levelled
earlier off at 300 days of age. The males of the same
litters (n = 5) whose growth curves levelled off at
370 days of age, were euthanased in April 1996. As
a result the animals used in Trial 2 were older
and larger than the Trial 1 animals. We regarded
Trial 1 in January as the wet season as the grass
contained 49% dry mass in contrast to the 89% dry
mass of the Trial 2 grass in April (Table 1). Food and
straw (bedding) controls were placed in the vicin-
ity of the animal cages and left for 24 h. Animals
were fed between 14:00 and 16:00 and any leftover
food, food controls, straw controls and hard faeces
were collected and frozen at –20°C until sorted.
Samples were then dried at 80°C for two days. The
daily intake of food components and straw, body
mass and daily faecal output was determined for
each animal group in a cage during a trial. Daily
intake was calculated as the difference in dry mass
food offered and leftover food collected, divided
by the total body mass of animals in a cage (two
females or one male). We used sample mass after
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sorting and the mass after drying to calculate the
sample moisture content.

Animals were euthanased with a high dose of
CO2 between 08:00 and 09:00 in the morning, after
being anaesthetized at an inspected abattoir in
Irene, Pretoria. Gastrointestinal tracts were re-
moved, weighed and ligated into sections. Within
20 minutes of death, we measured the pH by
inserting an electrode into the digesta through a
small incision in the gastrointestinal tract wall. The
length and width of the different gastrointestinal
tract regions (with contents intact) were measured
to the nearest millimetre. The gastrointestinal
tracts were then vacuum-packed and stored at 4°C
for transport to the laboratory. Within 4 h of death
we divided these gastrointestinal tract regions (i.e.
gut sections) and determined the wet mass of the
wall and contents of each gut section with an elec-
tronic balance to the nearest gram. Gut section
were then dried at 80°C for two days and moisture
content could be calculated.

Sample analysis
All food components (grass, maize, pellets) and

straw controls (n = 4 each), faeces and gut section
contents were ground separately in a Buchi mixer
to pass a 1 mm screen prior to analysis. Gross
energy (KJ/g dry mass sample) was determined by
bomb (CP 500) calorimetry and nitrogen by
Kjeldahl (Kjeldahl N × 6.25 = crude protein).
Neutral-detergent fibre (NDF), acid-detergent

fibre (ADF) and lignin were determined according
to the methods of Schneider et al. (1989), where
Ditalen E was replaced with 10 g lauryl sulphate
(sodium salt, Sigma). Heat stable α-Amylase
(Sigma) was added to the maize samples for the
NDF determination (Van Soest et al. 1991).
Hemicellulose was calculated by subtracting the
ADF from the NDF content and cellulose by
subtracting the lignin from the ADF content of
each sample.

Data analysis
During each trial the daily food quantities fed,

body mass, daily intake and daily faecal output
was determined for each animal group (one male
or two females in a cage). Apparent digestibility
coefficients were calculated according to Lloyd
et al. (1978). Average values for each variable (per
animal group per trial) were used in the subsequent
non-parametric statistical analysis. Averages of
Trial 1 females and Trial 2 males were compared
using the Wilcoxon two-sample test. Gastrointesti-
nal tract mass were also compared using this
statistical test.

The dimensions, pH, mass and nutrient contents
of the gastrointestinal tract sections were deter-
mined for each individual cane rat. Concentration
was calculated as the nutrient content (g) or
energy content (KJ) expressed per 100 g dry mass
of each gut section. We compared three different
gut sections of each individual cane rat, using
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Table 1. Approximate composition of the experimental diets fed to Thryonomys swinderianus during two feeding trials
before animals were euthanased.

Trial 1: wet season Trial 2: dry season

Females (3 groups)* Females (1 group) Males (5)

Quantity fed †

Energy (KJ/kgW0.75/day) 2382a ± 200 5306 4797b ± 141
Dry matter (g/kgW0.75/day) 281a ± 33.0 356 319b ± 4.8
Protein (g/kgW0.75/day) 12.8a ± 0.1 24.9 22.0b ± 0.8
NDF (g/kgW0.75/day) 64.6a ± 2.7 173 157b ± 5.0
ADF (g/kgW0.75/day) 38.0a ± 2.0 94.4 86.8b ± 3.2

Chemical composition
Energy (KJ/g dry matter) 16.3 16.8 16.9
Dry matter (g/100gWM) 49.1 89 89
Protein (g/100gDM) 11.4 8 8.6
NDF (g/100gDM) 35.7 53 53
ADF (g/100gDM) 16.6 28.2 28.2

*Number of animal groups (where a group consists of either two females or one male in a cage).
†Values indicated the mean ± standard deviation. Means in each row followed by different letters indicate significant differences (Wilcoxon
two-sample test, Z = 1.743, P = 0.041). Body mass (W), neutral detergent fibre (NDF), acid detergent fibre (ADF), dry mass (DM), wet mass
(WM).



Friedman’s two-way nonparametric ANOVA. As
sample sizes were small, comparisons of more than
three gut sections would weaken the statistical
comparison.

RESULTS

Feeding trials

In Trial 2 the diet had a high fibre content: there
was a 48% increase in NDF content and 70%
increase in ADF content compared to the Trial 1
diet (g/100 g DM, Table 1). The food was 81% drier
in Trial 2 with a 25% lower protein content than in
Trial 1 (Table 1). The Trial 2 animals were
20–112 days older and females and males 37 and
54% larger in body mass than the Trial 1 females
(Table 2). The total gastrointestinal tract mass (wall
and contents) of the Trial 2 animals were also
larger than that of the Trial 1 females (Table 2). It is
suggested that the Trial 2 animals increased their
gut volume due to their poor diet. The total gastro-
intestinal tract mass of the Trial 2 females and
males comprised 8.1 ± 2.3% and 9.5 ± 1.3%,
respectively, of their body mass, while it com-
prised 7.2 ± 1% of body mass of the Trial 1 females
(Wilcoxon two-sample test, Z = 1.552, P = 0.152).

In the dry season (Trial 2) females and males
consumed larger quantities of food compared to
the Trial 1 females (Table 2). The Trial 1 females
compared to the Trial 2 females and males, respec-
tively, consumed 73 and 67% less energy, 73 and
67% less dry matter, 62 and 54% less protein, 82
and 78% less NDF and 84 and 80% less ADF
(Table 2). The Trial 2 animals excreted larger
quantities of energy, dry matter, protein, NDF
and ADF in their faeces but not significantly so,
compared to the Trial 1 females (Table 2). It was
observed that the Trial 2 animals in the dry season
spent more time feeding and practised coprophagy
more frequently than the Trial 1 females in the wet
season, but this was, however, not quantitatively
measured in the present study.

The digestibility of energy and nitrogen did not
decrease as expected in the dry season (Trial 2
compared to Trial 1, Table 3). Digestibility coeffi-
cients of energy, dry matter, nitrogen, NDF and
hemicellulose tended to be higher, but not signifi-
cantly so, for Trial 2 animals compared to Trial 1
females (Table 3). Digestibility coefficients of ADF,
cellulose and lignin were higher in Trial 2 (dry
season) than in Trial 1 (wet season, Table 3).

When comparing the sexes, Trial 2 males were
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Table 2. Body mass, gastrointestinal tract mass, daily intake and faecal production by Thryonomys swinderianus
during the two feeding trials before animals were euthanased.

Trial 1: wet season Trial 2: dry season Z P

Females Females Males
(3 groups)* (1 group) (5 groups)

Age before the trial (days) 419–454 516 439–531
Body mass after the trial (g)† 2355a ± 204 3220 ± 212 3630b ± 845 2.56 0.01
Gastrointestinal tract wet mass (g) 169a ± 29 288 ± 41 335b ± 42 2.10 0.037

Daily intake
Energy (KJ/kgW0.75/day) 1118a ± 43 4100 3378b ± 110 2.09 0.037
Dry matter (gDM/kgW0.75/day) 66.1a ± 2.7 245 200b ± 7.5
Protein (gDM/kgW0.75/day) 7.8a ± 0.8 20.5 17.1b ± 0.5 2.09 0.037
NDF (gDM/kgW0.75/day) 23.6a ± 3.8 130 107b ± 5.5 2.09 0.037
ADF (gDM/kgW0.75/day) 11.0a ± 4.6 68.9 56.4b ± 3.6 2.09 0.037
%Dry matter (gDM/100 gWM) 46.2a ± 8.7 89.5 89.6b ± 0.2 2.09 0.037

Faecal output
Energy (KJ/kgW0.75/day) 192a ± 92 334 383a ± 122 1.49 0.136
Dry matter (gDM/kgW0.75/day) 11.4a ± 5.6 18.6 22.1a ± 7.3 1.49 0.136
Protein (gDM/kgW0.75/day) 1.5a ± 0.6 2.4 2.6a ± 0.6 1.49 0.136
NDF (g DM/kgW0.75/day) 6.3a ± 3.9 10.4 12.0a ± 5.1 1.49 0.136
ADF (gDM/kgW0.75/day) 3.7a ± 2.0 5.6 6.9a ± 3.2 1.19 0.233
%Dry matter (gDM/100gWM) 58.9a ± 7.7 56.5 57.8a ± 12.4 0.00 1.000

*Number of animal groups (where a group consists of either two females or one male in a cage) in brackets.
†Values indicated the mean ± standard deviation. Means in each row followed by different letters indicate significant differences, (Wilcoxon
two-sample test, P < 0.05, Z and P values indicated). Body mass (W), neutral detergent fibre (NDF), acid detergent fibre (ADF), dry mass (DM),
wet mass (WM).



slightly larger (3.6 kg) compared to Trial 2 females
(3.2 kg, Table 2). Digestibility coefficients for the
Trial 2 females were slightly higher than that of
the Trial 2 males (Table 3).

Distribution and concentration of nutrients

and energy in the gastrointestinal tract

When we compare the different parts of the
gastrointestinal tract, an understanding of the
digestive process was of more importance than
smaller differences between sexes or animal
groups. It must also be remembered that animals
were fed at 16:00 the previous day and practiced
coprophagy at the time of euthanasia.

The small intestine was the longest region of the
gastrointestinal tract (Fig. 1a) and slightly smaller
in mass than the caecum (Fig. 1d). The caecum had
the largest wet mass (25.8 ± 6.3%) and dry mass of
all the organs (Fig. 1d, e). The proximal colon had a
lower wet mass (15.1 ± 4.1%) than the caecum and
was comparable in mass to the small intestine
(Fig. 1d). The caecum was the widest organ
(Fig. 1b) with a pH of 5.2–6.5 (Fig. 1c). The pH was
very low in the stomach (pH = 1.9–3.8) and it
increased towards the small intestine (pH =
6.1–7.2), with the distal colon having the highest
pH of 5.7–7.8 (Fig. 1c).

When the distribution of energy and nutrient
quantities in the gastrointestinal tract is considered
(Fig. 2), energy, protein, NDF and ADF tends to be
lower in the stomach and small intestine than in
the caecum and proximal colon. This is as some of
the food had been absorbed and the rest of the
previous meal was passed to the hindgut at the
time of euthanasia. As animals were in the

coprophagous phase, the distribution of energy,
protein, NDF and ADF in the stomach and distal
colon tends to be similar (Fig. 2). We did not, how-
ever, observed pellets in the stomach as cane rats
chew the soft pellets (observed in the distal colon)
during coprophagy.

In Fig. 2b it can be seen that protein was retained
in the caecum of the Trial 1 females and the
caecum and proximal colon of the Trial 2 animals
16 h after feeding. In the caecum of the Trial 1
females and the caecum and proximal colon of the
Trial 2 animals the highest quantities of energy,
protein and ADF were present compared to other
gastrointestinal tract regions and these decrease
towards the distal colon in most of the animal
groups (Fig. 2a,b,d). The NDF quantities were high
in the caecum of the Trial 2 females (Fig. 2c), but
not so for the Trial 2 males. No data were available
for the Trial 1 females.

Differences exist in the energy content and
protein, NDF and ADF concentrations in that
observed in the food ingested (expressed per 100 g
dry mass food) compared to the stomach content
(expressed per 100 g dry mass stomach content).
For each individual can rat, the energy content
and protein concentration in the stomach tended
to be higher than that in the food it ingested
(Fig. 3a,b). The fibre content tends to be lower in
the stomach than in the food ingested (Figs 3c,d).
This is because most of the previous meal has
passed to the hindgut. Animals were in the
coprophagous phase and the stomach content
consisted mainly of ingested soft faeces. The soft
faeces were more nutritious than the food ingested
by the animals 16 h earlier.
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Table 3. Total apparent digestibility coefficients (%) of energy, dry matter and nutrients obtained for Thryonomys
swinderianus during the two feeding trials before animals were euthanased.

Trial 1: Wet season Trial 2: Dry season Z P

Females Females Males
(3 groups)* (1 group) (5 groups)

Energy† 82.9a ± 8.3 91.9 88.6a ± 3.9 1.19 0.23
Dry matter 82.8a ± 8.1 91.7 88.7a ± 7.5 0.30 0.77
Nitrogen 81.0a ± 6.9 88.5 84.7a ± 3.3 0.89 0.37
NDF 75.8a ± 10.7 91.9 88.7a ± 5.2 1.49 0.14
Hemicellulose 80.1a ± 15.0 92.0 90.0a ± 4.1 0.89 0.37
ADF 68.4a ± 10.9 91.9 87.5b ± 6.2 1.79 0.04
Cellulose 72.0a ± 9.6 89.6 84.1b ± 8.2 1.79 0.04
Lignin 55.6a ± 16.8 95.0 90.3b ± 8.2 2.09 0.04

*Number of animal groups (where a group consists of either two females or one male in a cage) in brackets.
†Values indicated the mean ± standard deviation. Means in each row followed by different letters indicate significant differences (Wilcoxon
two-sample test, P < 0.05, Z and P values indicated). Neutral detergent fibre (NDF), acid detergent fibre (ADF).
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Fig. 1. Gut section (a) length, (b) width, (c) pH, (d) wet mass, (e) dry mass and (f) dry mass (DM) and wet mass (WM)
ratio of the gastrointestinal tract of Thryonomys swinderianus. Oesophagus (Oes), stomach (St), duodenum (Duo),
small intestine (Int), caecum (Cae); proximal colon (Pcol), distal colon (Dcol), Food ingested (Food), hard faeces
(Faeces). Data are the mean ± standard deviation. We compare three different gut sections of each individual cane
rat, using Friedman’s two-way nonparametric ANOVA. Mean values with different letters (A, B, C) are significantly
different (P < 0.05).



In the caecum of the Trial 1 females and caecum
and proximal colon of the Trial 2 females and
males the energy content and protein concentra-
tion tend to be the highest (Fig. 3a,b). This illus-
trates the importance of these regions to retain
small particles 16 h after feeding. The distal colon
of two Trial 1 females had an 11% higher energy
content compared to the other three females,
which resulted in the high standard deviation in

Fig. 3a. The NDF and ADF concentrations were
low in the caecum and increased towards the
distal colon with the highest concentrations in the
hard faeces excreted (Fig. 3c,d). The caecum of one
Trial 2 female had a 147% higher NDF concentra-
tion compared to the other Trial 2 female which
resulted in the high average value and standard
deviation (Fig. 3c). The ADF concentration in the
hard faeces of each individual was higher than in
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Fig. 2. Distribution of (a) energy, (b) protein, (c) neutral detergent fibre (NDF) and (d) acid detergent fibre (ADF)
quantities in the gastrointestinal tract of Thryonomys swinderianus.Stomach (St), small intestine (Int), caecum (Cae),
proximal colon (Pcol), distal colon (Dcol).Data are the mean ± standard deviation.We compare three different gut sec-
tions of each individual cane rat, using Friedman’s two-way nonparametric ANOVA. Mean values with different letters
(A, B, C) are significantly different (P < 0.05).



the food ingested (Fig. 3d), but the NDF concen-
tration was the same in the food and hard faeces
(Fig. 3c).

It was assumed that the contents of the distal
colon were predominantly soft faeces, as soft
pellets were present at the time of euthanasia.

These soft faeces in the distal colon of the animals
were 13, 0.1 and 5% higher in energy and 29, 21
and 28% higher in protein content compared to
the hard faeces of the Trial 1 females, Trial 2
females and males, respectively (Fig. 3a,b). How-
ever, the soft faeces had 14 and 13% lower NDF
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Fig. 3.Gross energy content (KJ/100 g dry mass of sample) (a) and concentrations of (b) protein, (c) neutral detergent
fibre (NDF) and (d) acid detergent fibre (ADF) in the food, faeces and gastrointestinal tract of Thryonomys
swinderianus. Concentration expressed as gram nutrient per 100 g dry mass sample (either food ingested or hard
faeces or gut section content). Stomach (St), small intestine (Int), caecum (Cae), proximal colon (Pcol), distal colon
(Dcol). Data are the mean ± standard deviation. We compare three different gut sections of each individual cane rat,
using Friedman’s two-way nonparametric ANOVA.Mean values with different letters (A, B, C) are significantly different
(P < 0.05).



and 14 and 26% lower ADF concentrations than
the hard faeces for the Trial 1 and Trial 2 females,
but only 2% lower fibre values for the Trial 2
males (Fig. 3c,d).

Water was absorbed in the colon (Fig. 1f), as seen
in the 53 and 56% increase in dry matter content
from the proximal colon to the distal colon for
Trial 1 females and Trial 2 males, but only 4% for
the Trial 2 females (Fig. 1f). The hard faeces had a
76, 166 and 70% higher dry matter content than
the soft faeces in the distal colon, for the Trial 1
females, Trial 2 females and males, respectively
(Fig. 1f).

In Trial 1, the wet season, females excreted hard
faeces that were 32% drier than the food (Fig. 1f).
The dry food (89% dry matter content) consumed
during Trial 2 resulted that females and males,
respectively, excreted hard faeces with a 43 and
36% higher water content than the food. The
Trial 2 females and males, however, produced
hard faeces with, respectively, a 16 and 5% lower
moisture content than the females in Trial 1 (wet
season, Fig. 1f). Water was not a limiting factor, as it
was available ad lib during the trials.

DISCUSSION
It is expected that food intake will be higher for
animals on a high fibre diet, with lower digestibil-
ity of food and a larger faecal output. Animals in
the present study had higher food intakes in
Trial 2, but faecal output was only slightly higher
which resulted in the higher digestibility coeffi-
cients on the dry high fibre food compared to
Trial 1. Digestibility of nutrients was thus not
reduced as a function of fibre. Bozinovic (1995)
reported for the degu (Octodon degu) on a 57%
NDF diet compared to a 35% NDF diet: degus
ingested more food (increased feeding rate),
increased the volume of digesta in the gastrointes-
tinal tract and increased the turnover time of
digesta (food was retained for longer periods in
the gastrointestinal tract) with comparable digest-
ibility coefficients. On a diet with high tannic acid,
Bozinovic et al. (1997) found that the degu used the
same strategy and compensated for the food (52%
NDF, 2% nitrogen, 4% tannic acid content) by
increasing its gut volume and hence its food intake
and digestion time. The increase in gut volume
can possibly be seen in the present study where
the gastrointestinal tract comprises 0.9% and 2.3%
more of the body mass of the Trial 2 female and
male cane rats, respectively, compared to the
Trial 1 females.

Cane rats can practice coprophagy frequently to
compensate for the high fibre diets. It is suggested
that the Trial 2 animals on the dry high fibre diet
practised coprophagy more extensively than the
Trial 1 females, and as a result faecal output was
not that large, and digestibility coefficients were
relatively high. Coprophagy activity was how-
ever, not quantitatively measured in the present
study. Kenagy et al. (1999) found that degus on a
low quality diet (50% NDF, 14% protein, food
available for 5h/day) used coprophagy exten-
sively, reingesting 38% of the faecal pellets pro-
duced. Herrera (1985) also observed that in the
capybara Hydrochoerus hydrochoeris, animals prac-
tised coprophagy 49% more frequently during the
dry season when dry and hard plant material is
available than in the wet season.

It is suggested that coprophagy increases the
digestibility of food as seen in the higher protein
concentration (29, 21 and 28%) and energy content
(5, 0.1 and 13%) in the soft faeces present in the dis-
tal colon compared to hard faeces. In another
study Holzer et al. (1986) euthanased cane rats at
the beginning of the coprophagous phase and also
found that the distal colon contents (i.e. soft fae-
ces) had higher protein content than the hard fae-
ces. In the nutria (Myocastor coypus) coprophagy
increased the total crude protein intake by 16% on
a 15% ADF, 15% protein diet (Takahashi &
Sakaguchi 1998). Significantly higher concentra-
tions of nitrogen, total amino acids and
diaminopimelic acid content (which are indicative
of bacterial activity) were observed in the nutria’s
soft faeces than the hard faeces on a dry matter
basis (Takahashi & Sakaguchi 2000).

The dry matter, protein and NDF digestibility
coefficients (84–90%) of the Trial 2 males were high
compared with values (36–71%) obtained for
males used by Van Zyl et al. (1999) with compara-
ble NDF and protein dietary contents. The Trial 2
males are much larger (3.6 kg) and older compared
to the males used by Van Zyl et al. (1999, 2.4–2.7 kg)
and although the larger males used the fibrous
diet extremely well, post natal growth had flat-
tened off at this older age (Van der Merwe & Van
Zyl 2001). From a productive view, the older males
in the present study are uneconomical to keep.
This is as feeding efficiency, i.e. body mass gain per
quantity food consumed is low, i.e. 1.05 for the
older males (419–454 days old) compared to the
3.78 ratio for younger males (247–289 days old,
Van der Merwe & Van Zyl 2001).

Van Zyl et al. (2005) suggested that protein is

262 African Zoology Vol. 45, No. 2, October 2010



Van Zyl & Delport: Digestive physiology of the greater cane rat 263

initially digested in the cane rat’s stomach, due to
its low pH. Further digestion occurs in the small
intestine, while nutrients are absorbed over the
large surface area of the small intestine. The avail-
able energy and nutrients of the food ingested,
was absorbed in the small intestine within 16 h
after feeding in the present study. This was illus-
trated by the low quantities of energy and protein
in the stomach and small intestine compared to
the hindgut. Large differences exist also in the
nutrient concentrations of the food ingested and
the stomach content.

Sixteen hours after feeding, the high quantities
and concentrations of energy and protein in the
caecum of the Trial 1 females and the caecum and
proximal colon of the Trial 2 animals (Figs 2 & 3)
indicates that energy and protein was retained in
this region. As the transition between these two
regions (the ampulla ceci to the proximal colon) is
not well defined in the cane rat (Van Zyl et al. 2005),
they may both be involved in the fermentation
process. Sakaguchi et al. (1985) found that in the
guinea-pig the contents of these two regions, the
caecum and upper-section of the proximal colon,
were mixed and act as a common fermentation
chamber. The importance of this fermentation
chamber is highlighted in that Sakaguchi
et al. (1987, 2003) stated that in small hindgut
fermenters, the extent of fibre digestion is related
more closely to the turnover time of digesta in the
fermentation chamber than to its retention time in
the whole digestive tract.

In the cane rat the main site of fermentation
is, however, probably the caecum and not the
proximal colon (Van Zyl et al. 2005). The high
protein levels in the caecum (at a pH of 6.5–7.5) of
small hindgut fermenters could aid to digest
non-structural polysaccharides and to produce
vitamins, while the bacteria serve as a high quality
protein source (Cork et al. 1999). The pH in the
caecum of the cane rat is somewhat lower at
5.5–6.1 (Fig. 1c). Van Zyl et al. (2005) also found the
caecum pH of nine males to be between 5.2 and
6.2. In the cane rat the small particles are probably
retained by the ‘mucus-trap’ in the furrow of the
proximal colon and moved back to the caecum by
antiperistaltic movements (Van Zyl et al. 2005).
Retaining the small particles in this region is essen-
tial to use the food optimally as the reproductive
period of the microorganism population is longer
than the actual retention time of digesta (Björnhag
1994; Cork et al. 1999).

Water is absorbed in the distal colon of the cane

rat as is seen by the increase in dry matter content
from the proximal colon to the distal colon, to the
hard faeces (Fig. 1f). Animals in the dry season
produced 16 and 5% drier hard faeces than
females in the wet season (Fig. 1f). As water was
freely available in the present study in both
trials, animals may be able to produce even drier
faeces when water is limited. In small hindgut
fermenters the absorption of water and electro-
lytes are usually closely linked with the absorption
of ammonia and short-chain fatty acids (Cork et al.
1999). This enhances the utilization of the fermen-
tation products in the hindgut. Different absorp-
tion functions may exist in the proximal and distal
colon of the cane rat. Nitrogen concentrations
decline more rapidly in the proximal colon of the
nutria compared to the distal colon, while dry mat-
ter displayed steeper positive slopes in the distal
colon (Snipes et al. 1988).

CONCLUSION
The greater cane rat utilized high fibrous food by
increasing its food intake and possibly gut volume.
Coprophagy was practised frequently so that
faecal output was relatively low and digestibility
coefficients were relatively high. Cane rats have a
colonic separation mechanism as large quantities
of small particles were retained in the caecum and
upper proximal colon 16 h after feeding. These
regions had high nutrient concentrations and
high energy contents. Water was absorbed to a
large degree in the distal colon. These digestive
strategies of the greater cane rat seem to be compa-
rable to that observed in other hystricomorph
rodents.
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