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Goose feeding and cellulose digestion

JOHN G. MATTOCKS

Introduction

The domestic goose Anser anser, in com-
mon with many of its wild relatives, is
primarily a grazer and it can be raised
satisfactorily on grass alone (Bdgre 1967,
Wright 1942). Some naturalists have
assumed that the goose has a cellulose
digesting mechanism (Lorenz 1952). Such
a capacity would seem to be of real advan-
tage to a grazing animal, for, not only
would the cellulose represent an energy
source, but the dissolution of the cellu-
lose wall of the grass cells would make
the cell contents more readily available
for digestion. A literature search failed to
give evidence with which to judge the
validity of such an assumption and so a
study of goose digestion was made (Mat-
tocks 1971). An outline of some of this
work is given in this paper.

Review of literature

Cellulose is a carbohydrate consisting
mainly of glucose units linked together
by (31—4 bonds (Rogers and Perkins
1968) and, presumably because the mole-
cule is folded into a zig-zag ribbon which
itself is wound into a helix (Manley 1964),
it is particularly resistant to hydrolytic
cleavage. A complex process involving a
number of enzymes is thought to be
necessary to convert cellulose to glucose
(Norkrans 1967; Reese et al. 1950; Gas-
coigne and Gascoigne 1960), a substance
which can be readily used by an animal.

Some insects, such as the silver fish
Ctenolepisma lineata.,, are undoubtedly
able to produce cellulases (Lasker and
Giese 1958), while others are suspected
of having this ability. Snails have been
shown to digest cellulose (Galli and Giese
1959), but whether the cellulases are of
molluscan or microbial origin is an issue
not entirely resolved. There is general
agreement, however, that no vertebrate is
itself capable of secreting cellulases
(Marshall 1960; Moir 1965). Horses have
evolved large colons and caeca, which
house a prolific symbiotic microbial popu-
lation able to carry out cellulose digestion
(Davies 1968). In the rabbit it is the cae-
cum and the appendix which are enlarged
for the same purpose, and the overall
efficiency of the system is increased by
virtue of the fact that the animal eats and
digests the faecal pellets it produces
during the night (Eden 1940). The un-
gulates, including the cow, sheep and

goat, have developed the most efficient
methods. They have capacious rumens
in which the food is allowed to ferment
for about twelve hours. The cellulose is
converted by huge numbers of bacteria
(up to 10" organisms/ml.) and ciiiates
into volatile fatty acids, mainly acetic,
propionic and butyric acids, which are
absorbed directly into the blood stream
(Halliwell 1961; Hungate 1950, 1966;
Mann 1968; Walker 1968). The micro-
fauna and microflora are subsequently
digested in the rest of the digestive tract.

Cellulose digestion in birds has received
very little attention except in the domes-
tic hen. Work done in Germany nearly
fifty years ago suggested that cellulose
digestion did occur (Mangold 1928, 1931,
1934; Radeff 1928; Henning 1929) but
Groebbels (1932) disagreed. More recently
cellulose has been found to be so con-
sistently indigestible in cockerels that it
has been used as a marker to trace the
passage of food in the gut (Bolton 1954).
The Ruffed Grouse Bonasa umbellus
apparently has some ability to digest cel-
lulose but lost weight on a diet of the
male flower buds of the trembling aspen
Populus tremuloides which contain a high
proportion of cellulose (Hill et al. 1968).
In the Red Grouse Lagopus lagopus no
cellulose and lignin digestion was found
when the daily intake was about 80 gm.
dry matter per day. If the intake was
reduced to 60 gm., however, 20% of the
cellulose was digested (Moss 1967).

The question arises as to whether or not
there is present in the alimentary canal
of a bird an organ wherein cellulose
digestion can occur.

Characteristically ~ birds  possess a
lateral pair of blind-ending tubes called
caeca which arise at the junction of the
small and large intestines (Figure 1).
The variations in form and type have
been investigated thoroughly (Mitchell
1901; Maumus 1902; Pinchén 1942). In
parrots there is no trace of any caecum
and in the falcons and hawks it is very
much reduced or absent. By contrast
members of the grouse family have very
long caeca, that of the Capercaillie Tetrao
urogallus approaching 1 m. in length.
Curiously the herons and their relatives
are unique among birds in having a single
caecum arising latro-ventrally on the
right.

There have been many attempts to
classify avian caeca, but basically three
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kinds are distinguishable: the plain type
which is not well vasculated, usually has
much lymphoidal tissue and in which the
lumen is small and simple and may con-
tain secretions but never ingesta; the sac-
culate type in which the lumen is well
developed and filled with material from
the intestines, and a transitional type. A
correlation is found between the posses-
sion of large sacculate caeca and a vege-
table diet. However, the nocturnal owls
have pronounced sacculate caeca, whereas
their diurnal counterparts, the hawks and
falcons whose food is so similar, have no
caeca. Wildfowl have, as might be ex-
pected, thin walled, sacculate caeca reach-
ing 10 cm. in most ducks and 30 cm. or
more in the swans.

It is very tempting to presume that the
avian caecum is functionally a kind of
rumen with a cellulose digesting function.
Howie and Baker (1952) declared that in
non-ruminants the part of the gut most
resembling the rumen was the caecum.
Both organs contain vast numbers of bac-
teria (Barnes and Shrimpton 1957; Hun-
gate 1966). Certain groups of bacteria—
bacteroides (Barnes and Goldberg 1962),
streptococci lactobacilli  and coliforms
(Barnes and Shrimpton 1957) are found
in the caecum of the hen and also in the
cow rumen (Hungate 1966). Ciliates
abound in the rumen but apparently no
protozoa live in the avian caecum except
as pathogens (G. Monachon, pers. com.).

Alimentary canal of the domestic goose

A number of varieties of domestic goose
was studied, but, since no significant dif-
ferences were found in them, a single
description is given. The bill is strong,
and lamellae in the upper and lower jaws
arranged in two rows parallel with, and
lateral to, the edges of the tongue super-
ficially resemble ungulate molars and
premolars. The ridges on the lamellae of
the upper jaw running across those on
the lower jaw presumably enhance their
gripping action. No sideways grinding
action can take place in the goose. The
thick, spatulate tongue which virtually fills
the buccal cavity bears a pronounced
fringe of backwardly directed hair-like
processes.

The oesophagus (35 cm.), although
broadening out a little before joining the
proventriculus (7 cm.), has no crop
(Figure 1). The gizzard (10 cm.) is very
large and its walls consist of concentric
arcs of thick muscle fibres. Opposed,
thick, cornified, bright yellow patches of
keratin-like koilin are present on the
inner walls. About 15 gm. of stones and
sand together with fibrous residue are
found in the gizzard lumen. The small
intestine (224 cm.) is fairly uniform in
diameter and has a small blind-ending
process, Meckel’s diverticulum, somewhat
posterior to the mid-point. At the junc-
tion of the small and large intestine, two
lateral caeca arise, the left one being
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slightly shorter (21 cm.) than the right
one (26 cm.). The lengths given are the
average of ten specimens. Most sections
of the gut are just under 1cm. in diameter
and variations in length and slight dila-
tions are not uncommon particularly at
the distal end. The caeca contain a homo-
geneous viscous paste with a pronounced
smell and of a dark-green, almost black
colour. The large intestine or colon is
much shorter (about 16 cm.), than the
small intestine, but slightly wider in
diameter (Figure 1).

Bacteriology of the goose gut

The bacteria present in the various parts
of the gut were ascertained by direct
microscopical examination of stained
smears, and by culturing in various media
under anaerobic conditions. Coliforms,
relatively plentiful in the oesophagus,
decrease in the gizzard and the anterior
part of the small intestine, until in the
Meckel’s diverticulum and onwards they
are absent. There is believed to be some
form of autosterilisation in the gut
(Kohlbrugge 1901; Fuller and Moore
1967), through its own secretions or those
of the liver. Lactobacilli were not found,
as might be expected in view of the high
pH of most of the gut. Faecal strepto-
cocci were curiously absent. An abun-
dance of starch-utilizing clostridia was
surprising, though their spores probably
survive the autosterilisation. It is worth
noting that no trace of starch, as deter-
mined by the iodine test, was found
posterior to the middle of the small in-
testine. Possibly there is a connection
between the rapid digestion of starch and
the incidence of clostridia. At no time,
in any part of the gut, were protozoa
seen, although they were looked for with
diligence.

The bacteria of the caeca were ex-
amined with especial care in view of their
possible function in cellulose digestion. A
general habitat-simulating medium (in-
cluding liver extract, 1-cysteine and
dithiothretol—Dr. D. J. Jayne-Williams
pers, com.) was first used. Sampling was
carried out anaerobically in an atmos-
phere of 99% CO02and 1% H?2the gases
having been passed over a cold catalyst
to ensure that they were oxygen free. A
sterile, needleless, gas-filled plastic hypo-
dermic syringe was used to extract
samples below the surface of the exposed
caecal contents. Decimal dilution was
carried out using small stoppered Asteli
bottles, gas being passed through con-
tinuously whenever the stoppers were
withdrawn. Incubation was at 39°C. in

Petri dishes placed in Mclntosh and
Fildes jars containing an atmosphere of
95% H2 and 5% CO4 and dry catalysts
(palladinised asbestos). The results in-
dicated an overall bacterial count of the
order of 10” organisms/gm. wet weight.
Niche-simulating media, each suitable for
a narrower spectrum of micro-organisms
were then used to obtain more specific
information. These included Elsden’s
medium (Elsden et al. 1956), ethyl violet
medium (Baird-Parker 1957), as modified
by Fuller and Lev (1964), Reinforced
Clostridial medium, Seeley and Dain
(1960) medium and de Man et al. (1960)
medium. Spread plates were prepared
with the ethyl violet and Elsden media
and pour plates for the others.

The results, again obtained under care-
fully anaerobic conditions, indicated that
peptostreptococci (2.7 X 109 organisms/
gm. wet weight), clostridia (1.7 X 108/
gm.), streptococci (2.0 X 107/gm.), bac-
teroides (9.0 X 104/gm.) and lactobac-
illi (2.3 X 104/gm.) were present, in
descending order of frequency. Clearly
the caecum is a congenial place for
anaerobic bacteria. Any sterilizing agent
produced in the small intestine does not
penetrate effectively into the caecum.
Starch-utilizing streptococci were found
to be about ten times more abundant in
the proximal than in the distal end of the
caecum; but this ratio was reversed for
the bacteroides. The flora of the so-called
caecal faeces showed a close correspon-
dence with that of the caecum, confirming
their origin.

Tests were now made to see whether
any of the anaerobic bacteria present in
the goose caecum were capable of cellu-
lose digestion. Bottles containing the
medium of Mann (1968) and rolled rect-
angles, 6 X 5 cm., of filter paper (What-
man’s No. 1), were inoculated with caecal
material. As before great care was taken
to maintain anaerobic conditions during
sampling, dilution and incubation. Con-
trol bottles were inoculated with the
contents of an ox rumen. Both sets were
incubated for ten days. The filter paper
exposed to goose caecal contents was en-
tirely unchanged. In the ox rumen
bottles, however, pits which had appeared
in the filter paper within 24 hours con-
tinued to increase in size and number and
there was production of gas. Microscopi-
cal examination revealed concentrations of
cocci and other bacteria, all Gram-
positive, around the pit margins.

Filter paper is usually considered more
susceptible to degradation than its raw
counterpart. All factors necessary for
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microbial activity were present for not
only was their Seitz-filtered rumen liquor
present in the medium, but also the
initial concentrated inoculum contained
plenty of caecal material (0.5 ml.). We
can therefore conclude that those bacteria
capable of breaking down cellulose which
were clearly present in the material from
the ox rumen were absent in the goose
caecum. Of course there is no guarantee
that the medium and technique used was
suitable for all Kkinds of cellulolytic
anaerobes.

Goose feeding technique

The birds feed on grass, or meal, for a
large proportion of the hours of daylight.
The grazing technique is to tilt the head
slightly and stretch the neck out to grasp
a blade of grass so that it is across the
bill. The neck is then withdrawn, the
grass fracturing either at the edge of the
bill or further down the stem. No masti-
cation of any kind is seen but, by
repeatedly moving the head back with the
mouth closed and forwards with the
mouth open, the birds manoeuvred the
grass blade towards the oesophagus. The
tongue is also used to manipulate the
grass. When feeding on wet meal, no
tilting of the head occurs.

Through-put times

The original intention was to determine
the time taken for food material to pass
through the alimentary canal by using an
inert marker. Many such substances have
been used including magenta, aluminium
powder (Browne 1922), polyethylene gly-
col (Williams and Wilkins 1968), chromic
oxide (Raymond and Minton 1955), lamp
black and methylene blue (Kaupp and
Ivey 1923). There is some evidence, how-
ever, that these substances themselves
aifect the through-put time (Soergel 1968;
Jensen et al. 1962) and so other tech-
niques were looked for. Introducing a
‘natural” marker gave through-put inter-
vals averaging 82 minutes when grass in
meal was used, 122 minutes with cotton
strands in grass. X-ray techniques using
food containing radio-opaque barium
sulphate have been used on the goose
(Rybicki 1965) but the adulterant is very
dense and the handling of the birds is
necessary, so it was thought better to use
less drastic methods. Birds killed for dis-
section in the early morning were all
found to have no food left in their alimen-
tary canals. Thus an ‘initial’ through-put
time could be determined by finding the
interval between the first morning feed
and the passing of the first faeces with
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food in them. The shortest interval
recorded was 26 minutes, but average
values were 44 minutes with meal and 71
minutes with grass. If birds which had
been feeding on meal only were presented
with grass or vice versa, the change in
faeces was abrupt and easily noted. ‘Mid-
feed’ through-put times on changing from
grass to meal averaged 119 minutes and
for the reverse change, 137 minutes. All
the above averages were based on 10
timings, 5 on one bird, 5 on another.
Clearly, food normally stays in the alimen-
tary canal for only about two hours.

Faeces

Four distinct kinds of faeces were pro-
duced. The most common was a cylinder
of very moist ‘chewed’ grass with a cap
of white wuric acid crystals. A small
quantity of bile pigment was present but
the main colouration was unchanged
chlorophyll. The pieces of grass were
readily identifiable and apparently very
little changed by the bird’s digestive
processes. The second type appeared
when the animal had eaten meal and
differed from the first type by being a
little shorter and consisting of brown
fibrous matter. The uric acid, although
present, was less conspicuous than in the
grass faeces and there was enough bile
pigment to impart a faint green colour to
the stool. The third type was very much
wetter than the first two types and con-
sisted of a dark brown watery splodge
with a pronounced odour and a rich
microflora indicating its caecal origin.
The last kind consisted of uric acid
crystals in a watery mucous medium.
The absence of colour or particulate mat-
ter other than uric acid crystals suggests
that this type is exclusively of renal
origin

Discussion

It is clear that in geese no mastication
takes place in the mouth. The absence of a
crop is to be expected in an animal which
grazes most of the day, food being swal-
lowed in small quantities constantly over
a long period of time. The oesophagus
may, however, serve as a functional crop,
particularly towards the end of the day
when the rate of feeding tends to rise
(Owen 1971). The fact that the grit the
gizzard holds contains a high proportion
of sand, prompts the suggestion that its
principal function is to puncture the grass
cells rather than to grind the blades. The
appearance of the grass in the faeces
shows little evidence of a grinding of the
kind exercised by a cow. Lengths of leaf
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up to 25 mm. long are quite common and
they seem surprisingly intact.

In flying birds, excess weight must be
kept to a minimum and so a quick and
thorough digestive action is to be ex-
pected. Nevertheless, it was a surprise to
find that the through-put time for the
goose was as short as two hours. In mam-
mals it is measured in days rather than
hours, two days being usually quoted for
human beings. With such a rapid, piston-
like action it is hardly likely that much
breakdown of cellulose could take place.
The caecum might serve as a reservoir
into which food could be shunted to be
dealt with in a protracted way, but no
trace of any recognisable food-plant tissue
nor cells therein were found. Possibly a
kind of straining mechanism controlled
by the sphincter at the base of the caecum
excludes all but the liquid and the most
finely divided particles. X-rays of geese
fed with meal adulterated with barium
sulphate have shown no caecal shadows
although traces of barium sulphate left
behind in the folds of the oesophagus
have been readily seen (Rybicki 1965). It
seems unlikely that any large quantity of
food enters and is retained by the caecum.
The zoning of bacterial types within the
caeca argues against any mixing of their
contents. In any case, the capacity of the
two caeca are less than 20 ml. and they
would have to be emptied and refilled
many times per day to handle the amount
of food ingested.

The failure to find any cellulose-
splitting bacteria in the caecum lends
weight to the view that cellulose digestion
is not a main function of the caecum.

There is a possibility that the caeca
assist in the absorption of water or of the
soluble products of digestion. Another
suggestion has been that excretory nitro-
gen might be recycled through the caeca.
Again, vitamin B2 has been shown to be
100 times more plentiful in the caeca of
normal chickens than in germ-free ones
(Coates et al. 1963). Chickens kept on
wire, and so prevented from eating their
faeces, require a higher proportion in
their diet (Shrimpton 1954). It is thus
possible that geese might pick up caecal-
synthesised B12 when grazing on caecally
contaminated pastures. In cases where
ruminants eat goose-droppings (Kear
1966) one wonders whether the vitamin
content might be an attractant as well as
undigested grass or phosphates from
egested grit.

It might be that the caeca are not con-
cerned with metabolism at all. Rumi-
nants and horses have been shown to

contain antibodies in their blood against
strains of anaerobic bacteria isolated from
the bovine rumen (Sharpe et al. 1969). The
intestinal flora, providing a small but un-
remitting source of antigenic stimulation
for the production of such antibodies, may
be responsible for what might be termed
autovaccination. A goose, with its remark-
ably brief through-put time, would have
no resident flora in the alimentary canal.
It might be particularly susceptible to an
infection were it not for the possession
of a cul-de-sac where a prolific flora could
be housed.

As a final speculation on caecal func-
tion smell seems relevant, for to have kept
geese is to be aware that, associated with
caecal droppings, there is a pronounced,
repugnant odour. Birds mostly have a
poor sense of smell and are unlikely to be
discommoded. However, geese spend
much of their time on the ground and
are thus liable to attack by mammalian
predators and to competition from mam-
malian competitors. The caecal discharge
might serve the function of deterring such
animals, even though Rochard and Kear
(1970) have shown any repellent effect is
short-lived.

General conclusions

Geese in the wild state are largely, but by
no means exclusively, grazers (Kear 1966).
It would appear unlikely that cellulose
digestion contributes in any significant
way to their food up-take. Cell sap
appears to be the chief source of nourish-
ment extracted from grass and hence the
goose is an inefficient grazer, requiring a
much larger pro rata intake than a
ruminant.

By the reverse token, if geese in cap-
tivity are fed on an easily assimilable diet
of high calorific value, the through-put
rate is so high that the animal is able to
grow very rapidly (Monachon 1964). The
force-feeding of geese with up to 1000
gm. per day is common on farms in
Hungary and France in the interests of
the production of fois gras.
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Summary

The domestic goose Anser anser, a grazing species, takes in considerable quantities of cellulose
as part of its food. Investigations were carried out to discover whether cellulose is digested
in the gut to any extent. The experiments and techniques for establishing through-put rates
are discussed. It is unlikely that cellulose digestion contributes significantly to the goose’s
food up-take.
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