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Abstract

This paper reviews the available information on stomach anatomy,
digestion, foraging behavior and diet of wild and captive babirusa.
Based on this information, suggestions for changes in the diet of
captive babirua are formulated, which will then need to be assessed.

Published information suggests that wild babirusa show a marked
preference for fruit supplemented with leaves, herbaceous material
and a fair amount of animal material as well as mineral-rich soil
and water. Behavioral observations on wild and captive babirusa
indicated that they usually practice surface foraging, that rooting
only takes place in loose soil, that they stand on their hind legs to
reach food in higher places and that males tend to monopolize food
when animals are fed together. Although unilocular, the babirusa
stomach contains an enlarged area of mucus-producing cardiac
glands (> 70 % of internal surface area v. 30 % in Sus scrofa) with a
pH between 5.3 and 6.4 and populations of microorganisms. The
true gastric glands are confined to a small gastric unit. Results
from two independent digestibility studies on captive babirusa
were in concordance with the general characteristics of non-rumi-
nant forestomach fermenting frugivore/concentrate selectors. Pas-
sage time experiments suggested that no part of the digestive tract
selectively held digesta longer than any other part and that caeco-
colonic fermentation may be less important in the babirusa than in
the Eurasian wild pig. Analyses of the diets offered to babirusa in
zoos worldwide revealed a very wide spread in nutritional values.
The zoo diets were low in fiber and most zoos fed excess protein and
energy. Browse was offered in a non-systematic way. Using the
above information and adapied prediction equations suggestions
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for changes in the diet of captive babirua were formulated, which
wtill then need to be assessed.

Keywords
diet, digestion, nutrition, fermentation, pig

1. Introduction

The babirusa (Babyrousa babyrussa) is a remarkable pig endemic to the In-
donesian islands of Sulawesi, Buru and the Sula and Togean island groups.
The only subspecies currently kept in captivity, B. b. celebensis, has been pro-
tected under Indonesian law since 1931 (Dammerman 1950, Setyodiwiryo
1959), is included under Annex A of the Convention on International Trade of
Endangered Species (CITES) and is registered as vulnerable in the IUCN red
list of endangered species (Baillie and Groombridge 1996). The Sulawesi babi-
rusa is threatened in the wild mainly by commercial hunting for the bush meat
market, but also by habitat degradation and deforestation (Manansang et al.
1996, Clayton et al. 1997, Clayton and Milner-Gulland 1999). The subspecies is
the subject of an international conservation breeding program (Plasa 1998).

Despite having been kept in captivity for at least 200 years, extremely little
is known about the nutritional requirements of these animals. However, during
the last ten years a number of studies have been carried out on babirusa in cap-
tivity which provide us with certain “clues” about what the requirements of
these animals might be. Using recent data on stomach anatomy, digestion, for-
aging behavior and diet of wild and captive babirusa, as well as adapted pre-
diction equations this paper will attempt to formulate a recommended diet for
babirusa in captivity which will then need to be tested and refined.

2. Foraging behaviour and diet in the wild

The available information on the composition of the diet of wild babirusa has
recently been reviewed (Leus 1996). Further information can be found in Clay-
ton (1996). All information is fairly descriptive and qualitative. Nevertheless, it
appears that babirusa have a preference for fruits and seeds but also consume
a variety of leaves, grasses, invertebrates and small vertebrates.

The babirusa differs from other pigs by the lack of a well developed rostral
bone and as a consequence is only able to root in loose soil or mud (Macdonald
1993). This may imply that roots are less important in the diet of the babirusa
compared to that of the other wild pigs. Instead, the foraging behavior of the
babirusa mainly exists out of walking around with the nose close to the ground
or probing with its nose through the loose leaf litter (Leus and Vercammen
1996). In addition, babirusa have been observed browsing leaves on trees while
standing on their hind legs unsupported or with their front legs leaning against
the tree trunks (Macdonald and Leus 1995). A number of older reports state
that the species tends to live in swampy and marshy areas and along rivers

238



Feeding babirusa in captivity

(Leus 1996). Marsh vegetation is therefore a likely part of the diet. Similarly,
babirusa are known to occur at altitudes of at least 1000 m. It is highly likely
that they frequent the lower montane forests which are often dominated by
Fagaceae trees known for their crops of acorns and chestnuts (Leus 1994,
1996).

Captive babirusa in a semi-natural enclosure showed the ability to very
carefully select and obtain certain plants and plant parts. The most frequently
consumed food items were unripe cherry fruits and bramble leaves (Leus and
Vercammen 1996).

Babirusa in the wild visit volcanic salt licks to drink large quantities of the
salty water and to lick the stones and ingest the soil (Patry et al. 1995, Clayton
1996). The specific mineral and vitamin requirements of the babirusa are still
unknown.

3 Digestive anatomy

Like the stomach of other pigs, the babirusa stomach consists of one large com-
partment without any segmentation. However, the stomach of the babirusa is
not only much enlarged, but more than 70 % of its internal surface area is lined
with mucus producing cardiac glands, compared to about 30 % in Sus scrofa.
The true gastric only occupies about 12-17 % of the stomach surface. The car-
diac gland region has a pH suitable for the survival of microorganisms that are
present in high numbers in both the surface mucus layer and the luminal mu-
cus (Langer 1973, 1988, Leus 1994, Leus et al. 1999, Leus and Macdonald [un-
publ. observ.]). A frequently discussed function of such microorganisms is
bacterial fermentation of plant structural components by means of enzymes,
which the host is unable to produce itself (Costerton et al. 1987). The cardiac
gland area of the babirusa is therefore likely to be a fermentation area. Only
two groups of animals appear to share with the babirusa the possession of an
enlarged and elongated stomach part lined almost exclusively with cardiac
glands: the colobine monkeys and macropodid marsupials (kangaroos and wal-
labies) (Langer 1988, Moir 1968, Bauchop 1978, Gemmel 1977).

Forestomach fermenters usually show a system of folds, blindsacs or nar-
row constrictions in the stomach which slow down the passage of digesta and
which separate the fermentation chamber from the low pH of the gastric gland
area (Langer 1988). No such structures were found in the babirusa stomach.
Furthermore, data on passage time of chyme through the gastrointestinal tract
of the babirusa suggested (because of only a single marker excretion peak)
that no part of the digestive tract selectively held digesta longer than any other
part and that the transit time of digesta for the babirusa is not longer than that
for the domestic pig (Leus 1990, Conklin and Dierenfeld 1994). The large size
of the cardiac gland area in the babirusa stomach may however allow sufficient
separation of the food ingested from the acid and pepsin produced in the “gas-
tric unit”, for a long enough time to allow some microbial fermentation to take
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place. If fermentation time is indeed limited, breakdown of NDF and ADF may
be less efficient than that shown by other forestomach fermenters.

4. Digestibility

Two digestibility studies were carried out on the babirusa (Conklin and Dier-
enfeld 1994, Leus 1994, 1997) and in both cases the animals did not readily con-
sume the amount of hay or dried grass offered as a source of fiber. Grass may
therefore not be a palatable feedstuff for the babirusa.

When consuming a zoo diet (mostly composed of low fiber grain and fresh
fruit and vegetables), the babirusa digested the NDF and ADF fractions of the
diet equally well (Conklin and Dierenfeld 1994). Babirusa consuming a barley-
soya basal diet with dried grass added as a source of fiber digested NDF
slightly better than ADF although the difference appeared to become smaller
the more grass was added (Leus 1994).

When babirusa and domestic pigs (Large White X Landrace) were fed the
same barley-soya basal diet with added dried grass, babirusa digested the NDF
from dried grass origin equally well and the NDF from the whole diet (barley-
soybean + dried grass) better than the domestic pigs. In contrast, the babirusa
digested the ADF from the whole diet (barley-soybean + dried grass) as well
as the domestic pigs but were less able to digest the ADF from the dried grass
alone (Leus 1994, 1997).

To assess the relevance of these results for the digestive mechanisms of the
babirusa, the following three considerations should be taken into account:

* In the domestic pig, only small amounts of volatile fatty acids (VFA's — the
products of bacterial fermentation) are produced in the cranial half of the
stomach. By far the largest proportion of VFA's is produced in the caecum
and colon (Argenzio and Southworth 1974, Clemens et al. 1975). Corre-
spondingly, it was found that almost all cellulose and 80 % of hemicellulose
digestion occurs in the large intestine of the domestic pig (Keys and DeBar-
the 1974). Babirusa consuming a zoo diet showed low metabolic fecal nitro-
gen losses which, together with the lack of a secondary marker excretion
peak in the transit time study, led to the suggestion that caeco-colonic fer-
mentation may be less important in the babirusa than in the other pigs
(Conklin and Dierenfeld 1994).

» In the peccary, another forestomach fermenter and close relative of the ~
pigs, it was shown that although 30 % more VFA's were present in the
forestomach compared to the caecum and colon, practically no cellulose
digestion occurred in the forestomach (Shively et al. 1985, Lochmiller et al.
1989). It was therefore concluded that peccaries ferment more easily
digestible plant cell components such as hemicellulose in the forestomach
whereas the digestion of cellulose is restricted to the caecum and colon
(Lochmiller et al. 1989).
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If caeco-colonic fermentation is indeed less important in the babirusa and
if digestion of cellulose in pigs and peccaries occurs in the caecum and colon,
then we would expect less efficient digestion of cellulose by the babirusa. Still,
if forestomach fermentation is more important in the babirusa than in the
domestic pig, one might expect this forestomach fermentation to make up for
the less efficient caeco-colonic fermentation as far as the digestion of cellulose
is concerned. However, as was discussed above, the anatomical structure of the
stomach (unilocular without internal folds or constrictions) will most likely not
allow a very efficient fermentation of cellulose. The forestomach fermentation
may therefore not be able to make up for the reduced caeco-colonic fermenta-
tion in case of ADF fibers originating from food sources such as dried grass or
hay which have fairly tough fibrous components. Another possibility is that the
babirusa, like the peccary, does not show any cellulose digestion in the fore-
stomach despite the bacterial fermentation occurring in this region and relies
entirely on caeco-colonic fermentation for the digestion of this food component.

The above considerations, together with the observation that babirusa
appear better able to digest NDF from a largely grain-based diet than domestic
pigs, but appear less able to digest ADF from dried grass origin than domestic
pigs, strongly suggest that the babirusa is a non-ruminant forestomach fer-
menting frugivore/concentrate selector. The fact that in the study by Conklin
and Dierefeld (1994) ADF and NDF were equally well digested might be related
to the fact that the babirusa’s ability to digest fiber was not sufficiently chal-
langed because the hay component (“the” fibrous product) in the diet offered
was largely ignored.

5. Zoo diet survey

Between March 1991 and May 1993 all zoos with babirusa (16 in Europe, 7 in
the USA and 2 in Indonesia) were sent a questionnaire requesting information
on the constituents of the diet, the daily amounts fed, the preferences of the an-
imals and the way in which the food was offered. Results from 19 zoos (contain-
ing 38 male and 41 female babirusa) were of a sufficiently detailed nature that
they could be analyzed for their nutritional contents using published values
and prediction equations. The exact method of analysis can be found in Leus
(1994) and in Leus and Morgan (1995) where a short report of the results is pre-
sented.

The food items offered were divided into 4 categories: 1) fruit and vegeta-
bles (F&V), 2) commercial pellets, grains, bread, nuts and oils (P&G), 3) animal
products (AP) and 4) browse (grass, hays, branches, leaves etc.). The babirusa
received a very wide range of food items: 57 different F&V, 27 P&G, 6 AP and 42
different browses were offered to the animals. In most zoos the diet was built
up around a relatively fixed set of core items (such as apple, banana, oranges,
carrots, lettuce, leek, yams and potatoes, commercial pellets and grains) which
were easily available all year round. These core items were then supplemented
with smaller amounts of seasonal fruits, vegetables and browse. Information

241



K. Leus

on the amounts and types of browse offered was too vague to allow calculation
of the percentage of browse in the diet in relation to the other food categories.
The data shown below are for the daily diet of adult male and adult female babi-
rusa without the browse.

Table 1 shows the mean amounts of the different food categories offered to
the babirusa as well as the nutritional composition of this offered diet. As is
obvious from the large standard deviations there was a huge range in the
amounts and proportions of the different food items fed. In fact, the range of
values for the different nutrients offered is so wide that it is impossible that all
these diets are answering the nutritional requirements of the animals. Some
zoos offer too much, others not enough. On average, the diet consisted of 2/3
fruit and vegetables and /3 commercial pellets (for herbivores, horses or pigs)
and other grain products. Nine zoos added small amounts of animal products
(minced meat, one day chicks, invertebrates, eggs, fish, mice, rats) to the diet
on some days of the week.

Table 1
Average amount (g/day) of food (Total fresh weight), fruit and
vegetables (F&V), pellets and grains (P&G), animal products (AP), dry
matter (DM), crude protein (CP), Fat, englyst fiber (EF) and digestible
energy (DE) offered to babirusa in 19 zoos in Europe and North
America. (%BW = percentage of body weight; %DM = percentage of dry
matter; CP:DE = protein to digestible energy ratio)

Male %BW %DM Female %BW %DM
Total 3128 +928 35 2733 798 45
F&V 2151 +983 1856 + 831
P&G 878 +577 806 +512
AP’ 209 +233 148+ 113
DM 1069 + 481 3 956 + 425 16
cP 162 +109 152 142 +84 149
Fat 63.9+44.9 6.0 54.4+324 5.7
EF 209 + 136 19.6 184 +120 — 19.2
DE 144+6.6 13.0+5.7
CP:DE 11.3+32 10.9+32

*  Average of nine zoos that offered animal products.

In the study by Conklin and Dierenfeld (1994), the animals showed a dry
matter intake of 1.2 % of their body mass. The wet weight intake was about
2.3 % of Body weight. If we assume an average weight of 90 kg for males and
60 kg for females then the average amount of dry matter offered to male babi-
rusa is equal to the observed intake whereas that offered to the females is

242



Feeding babirusa in captivity

higher. The average wet weight offered to the babirusa as a percentage of body
weight was much higher than the intake observed by Conklin and Dierenfeld
(1994).

No data are available on the protein and energy requirements of the babi-
rusa. Using prediction equations for the domestic pig based on the protein
weight in the body (Whittemore 1993), the babirusa maintenance requirements
for crude protein and digestible energy (DE) were calculated and can be found
in table 2 (for details of calculations see Leus 1994, Leus and Morgan 1995).
The average weight of a male babirusa was taken to be 90 kg and that of a
female babirusa 60 kg. A state of maintenance can be defined as a situation
where the body composition of the animal remains stable, the animal is not pro-
ducing any products e.g. milk and it is not performing any work on its sur-
roundings (McDonald et al. 1981). In other words, very active animals, growing
animals-and pregnant or lactating sows have higher requirements. Neverthe-
less, a number of zoos appear to be feeding their animals up to four times the
required amount of protein and up to two times the amount of digestible energy.
As a consequence many babirusa in captivity are obese.

Table 2
Predicted maintenance requirements for CP and DE for an average
male (90 kg) and female (60 kg) babirusa in comparison to a Large
White domestic pig of similar size. Predictions according to equations
in Whittemore (1993). (CP: DE ratio = protein to energy ratio)

Maintenance 90 kg Babi- 90 kg Large 60 kg Babi- |60 kg Large

requirement for: |rusa White rusa White

Cp 82 g/day 110 g/day 55 g/day 73 g/day

DE 10.8 MJ/day  |13.5 MJ/day 8.0 MJ/day 9.9 MJ/day

CP:DE ratio 76gCP/MJ |8.1gCPMJDE |69gCPMJ |7.3¢gCP/MJDE
DE DE

Mature animals have a smaller need for protein because there is no longer
any above maintenance lean tissue growth, but have a higher need for energy
to sustain body maintenance activities (McDonald et al. 1981, Whittemore et al.
1993). Mature animals will therefore require a smaller protein:energy ratio in
the diet than young growing animals. A protein:energy ratio of 13 gCP/MJ DE
is considered to be appropriate for pregnant adult female domestic pigs or
growing domestic pigs above 80 kg (Whittemore 1993). The required protein:
energy ratio for an adult non-gestating, non-lactating babirusa can therefore
be expected to be much lower than that. Indeed, if the ratio is calculated from
the predicted CP and DE requirements (see Table 2) then we obtain 7.6 and
6.9 g CP/MJ DE for a 90 kg and 60 kg babirusa respectively. No zoo fed a diet
with a ratio that was much lower than the predicted values. However, in the
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majority of institutions, both male and female animals were receiving a protein
to energy ratio that was much higher than this predicted value.

Fats make proportionally the largest contribution to the DE of the diet and
the transfer of dietary fats to body fats is a very efficient process costing the
animal very little energy (Whittemore 1993). Considering the problems with
obesity in captive babirusa, care should be taken not to feed large amounts of
energy. In particular, preventing the feeding of animals by the public may con-
tribute to this. For example, 50 g of peanuts (about half the average packet for
sale) contributes 1.23 MJ DE.

Although no data are available on the requirements for fiber, a fiber content
of about 19 % of dry matter appears very low for a forestomach fermenter.
Daily inclusion of common European and North American browses would sig-
nificantly improve the amount of fiber consumed (Nijboer and Dierenfeld 1996).
As was stated above grasses and hays appear to be less palatable to the babi-
rusa.

Browse offered to the babirusa came in many forms and shapes. A list of
the different types of browse offered and the parts eaten can be found in
Table 3. A number of zoos did not specify the species of browse fed and their
accounts were included under the general terms branches, grass, hay and
leaves. In some zoos alfalfa hay was eaten completely whereas others stated
that the animals tried to pick out the leaves and would sometimes chew the
stems but not eat them. Many zoos offered fresh branches, grass, herbs or
alfalfa during the spring and summer seasons and fed dried branches and hays
during the winter. The inclusion of browse in the diet was often not on a regular
or controlled basis.

Table 3
List of browse items offered to babirusa in 19 zoos
in Europe and North America.

Scientific name English name Form Parts eaten No.
Z00S
Branches fresh bark, leaves, twigs, 8
buds
Grass fresh entirely 9
Hay dry entirely 4
Leaves fresh and dry entirely 2
Acacia sp. Acacia branches fresh  leaves only 3
Acer pseudoplatanus Sycamore branches fresh bark, leaves, twigs 1
Acer rubrum Red maple branches fresh  ? 1
Acer saccharinum Silver maple branches fresh  ? 1
Acer saccharum Sugar maple branches fresh ~ ? 1
Alnus sp. Alder branches fresh ~ ? 1
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Avicennia germin-
ans

Betula sp.

Celtis occidentalis
Corylus sp.
Crataegus sp.
Fagus grandifolia
Fagus sp.

Ficus benjamiina
Forsythia sp.
Frazinus sp.
Gymmnocladus dio-
icus

Hibiscus rosa

Hordeum vulgare

Liquidambar sty-
raciflua

Malus sp.
Medicago sativa
Morus alba
Morus sp.

Musa sp.

Phleiim pratense

Phyllostachys aurea

Populus alba

Populus eurameri-
cana

Quercus rubra
Quercus sp.

Robinia pseudoaca-

cia

Feeding babirusa in captivity

Table 3
List of browse items offered to babirusa in 19 zoos
in Europe and North America. (continued)

Mangrove
Birch

Hackberry
Hazel
Hawthorn
American beech
Beech

Weeping fig
Forsythia

Ash

Kentucky coffee
tree

Hibiscus

Hydroponic bar-
ley
Sweetgum

Crabapple
Alfalfa

White mulberry
Mulberry

Banana
Timothy hay
Golden bamboo
White poplar
Poplar

American oak
Oak

Black locust

branches fresh
branches fresh

branches fresh
branches fresh
branches fresh
branches fresh
branches fresh
branches fresh
branches fresh
branches fresh

branches fresh

branches fresh

fresh
branches fresh

branches fresh
fresh and dry
branches fresh

branches fresh
and dry

leaves

dry

branches fresh
branches fresh

branches fresh

dried leaves

branches fresh
and dry

branches fresh

?

bark, leaves, twigs,
buds

?
leaves

leaves
?

leaves
?
?

bark, leaves, twigs
2?

?

entirely

?

entirely
?

leaves, bark
2
?
°

?

bark, leaves, twigs,
buds

leaves

leaves, bark
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Table 3
List of browse items offered to babirusa in 19 zoos
in Europe and North America. (continued)

Salir babylonica Weeping willow branches fresh ~ ? 1

Salizx nigra Black willow branches fresh ~ ? 1

Saliz sp. Willow branches fresh ~ bark, leaves, twigs, 4

buds

Trifolium sp. Clover fresh entirely 1

Viburnum sp. Fragrant honey- branches fresh  ? 1
suckle

Vitis vinifera Grape branches fresh ~ ? 1

Zea mais Corn stems fresh and dried  entirely 1

Zea mais Corn stems with fresh and dried  entirely 2
cobs

Zingiber sp. Torch ginger ? ? 1

6. Recommendations/conclusions

6.1 Diet composition

Taking all of the above into account, proposed criteria for a diet are set out in
Table 4. Because the babirusa is a non-improved pig species which has a slower
growth than domestic pigs, reaches a smaller mature size and has problems
with obesity in captivity, the CP and DE energy levels were raised only slightly
above the predicted levels for requirements.

As far as dry matter is concerned, the diet below could be achieved by feed-
ing 46 % fruit and vegetables, 27 % commercial pellets and 27 % browse on an
as fed basis. However, most commercial pellets used for babirusa today are too
rich in protein and energy so that with a 27 % ration, the animals would receive
too much protein and energy. Because most of the dry matter fed is derived
from the P&G fraction, further reduction of this fraction to bring down the pro-
tein and energy content of the diet makes it very difficult to obtain the required
intake of DM unless extremely large amounts of fruit, vegetables and browse
are fed. The challenge will be to either locate a pellet that is not too rich in pro-
tein and energy, or to devise a new pellet that can replaeé the pellet and browse
fractions.

6.2 Browse

For browse, products such as grass and hays have proved to be fairly unpalat-
able and more difficult to digest. Preference should be given to temperate
browse species. However, care should be taken with species such as willow
(Salix sp.). As is the case with langurs (Colobinae), the babirusa will ingest
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long strips of the bark that may form a fiber ball in the stomach, as was the case
with one female babirusa in Antwerp. The bacterial fermentation of browse will
provide an additional supply of protein and energy. The relative contribution of
this to the total protein and energy intake can not yet be estimated with the
information available.

Table 4
Proposed criteria for a test diet for an average male (90kg) and female
(60kg) babirusa in captivity. BW = Body Weight; DM = Dry Matter, CP =
Crude Protein, DE = Digestible Energy, CP:DE ratio = protein to energy
ratio, NDF = Neutral Detergent Fiber, ADF = Acid Detergent Fiber.

90 kg babirusa 60 kg babirusa
Total DM intake 1.2% BW = 1080g 1.2% BW = 720g
CP 90g/ day 60g/ day
DE 11.8 MJ / day 9 MJ/ day
CP:DE ratio 7.6 6.9
NDF/ADF daily browse daily browse

6.3 Method of feeding

When fed together, males often tend to monopolize the female’s food unless she
is in oestrous. The main part of the diet, especially the nutritious pelleted ra-
tion, should therefore be fed separately. Pieces of fruit and vegetables should
be distributed across the floor and in between the bedding and other ground
cover and feeding times should be spread over the day so that the animals can
perform their normal foraging behavior (walking around with the nose close to
the ground) as much as possible. Browse can also be an important enrichment
item and must not only be fed at ground level but can also be offered at higher
levels so that the animals have to reach high and if necessary stand on their
hind legs to reach for food. Because many of the favorite items fed to animals
by the public are high fat and high energy items, feeding of animals by the pub-
lic should be avoided as much as possible.

6.4 Further studies

Because no data are available on the nutritional composition of the diet in the
wild, experimentation will be necessary to try out and refine the recommended
diet. In addition, there is an urgent need for feed intake data of the current diets
being fed, including the browse fraction. Equally urgent and essential are quan-
titative diet studies in the wild. Their habit of visiting volcanic salt licks may
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point to specific mineral requirements and further studies in this field are cer-
tainly required.

Nutritional studies on this fascinating pig are not only essential for practi-
cal management reasons but will also allow us to reveal the mechanisms of
their interesting digestive mechanisms.
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