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Nutrients and toxins of plants in Amboseli, Kenya
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Summary

Nutrient and toxin analyses were carried out on wild foods that are eaten by the
baboon (Papio cynocephalus (L.)) and black-faced vervet (Cercopithecus aethiops
(L.)) and other animals in Amboseli National Park, Kenya. Data are provided on
proximate composition (water, ash, fat, protein, fibre, other carbohydrates),
fourteen minerals, four vitamins (folic acid, ascorbic acid, riboflavin, B-carotine)
and a toxin (trypsin inhibitor). In total, 864 analyses were carried out on ninety-one
foods from thirty-seven species of plants.

Résumé

On a réalisé des analyses des nutriments at toxines dans ’alimentation du babouin
(Papio cynocephalus (L.)), du cercopithéque grivet (Cercopithecus aethiops (L.)) et
d’autres animaux du Parc National d’Amboseli, Kenya. Les données fournies
concernent la composition approximative en eau, carbone, graisse, protéine, fibres
et autres carbohydrates. Quatorze minéraux, quatre vitamines (acide folique, acide
ascorbique, riboflavine, caroténe B) et un toxine (inhibitrice de la trypsin). Au
total, 864 analyses furent réalisées sur nonante et un échantillons protant sur
trente-sept espéces de plantes.

Introduction

As part of our researches on the behavioural ecology of primates (baboons and
vervets) in the Amboseli region of southern Kenya, the nutritional compositions
of many plant foods in the area are being analysed. Our results to date are
summarized in this report. These data may be useful to others who are studying the
foraging of animals in Amboseli or elsewhere.

Nutrients and toxins reported here include those obtained in a standard
‘proximate analysis’ (water, ash, lipids, proteins, fibres and non-fibre carbo-
hydrates), several vitamins (folic acid, ascorbic acid, riboflavin, provitamin A), a
toxin (trypsin inhibitor) and several mineral elements (P, K, Ca, Mg, Na, Al, Ba,
Fe, Sr, B, Cu, Zn, Mn and Cr).

Materials and methods

All of the plant material was collected within the area formerly designated as the

Maasai-Amboseli Game Reserve in southern Kenya, Africa. The habitat consists
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Present addresses: 13225 33rd Place NW, Washington, DC 2008, U.S.A. and }Pratt Institute, Brooklyn,
NY 11205, US.A.

279



280 S. A. Altmann, D. G. Post and D. F. Klein

primarily of savanna with scattered acacia trees. Permanent waterholes and
swamps in the area have their own distinctive associated flora. The collection area
of about 100 km? lies primarily within the boundaries of Amboseli National Park.

The collection area is bounded by Enkongo Narok Swamp on the east and
north-east, by Nairabala Hill and the dry bed of Lake Amboseli on the west and
north-west, and extends southward about 1 km south of Endoinyo Ositet Hill. The
area is shown on the Kenya 1 : 50,000 map Series Y731, Sheet 181/1, Edition 2-SK
(Survey of Kenya, 1963), in Squares BH and CH. Longitude 37°10'E and latitude
2°40'S run through the approximate centre of the area.

All of the samples were collected in 1973-1976 or 1980 during the phenophases
in which they were being eaten by baboons or vervets, from within the home ranges
of these animals. For each food, we attempted to collect at least 20 g each of
representative samples of exactly what these primates eat, paying attention to plant
part, size, colour, degree of ripeness, rejected components (e.g. rind, calyx, seeds,
insect-infested material) and so forth. In some cases, material was analysed because
the animals overtly avoided or discarded it, e.g. the seed coats of green seeds from
umbrella trees (Acacia tortilis).

Further details on the role of these materials in the diets of baboons and vervets
can be found in Altmann (1987), Klein (1978), Post (1978), Post et al. (1980). Many
of these plant foods are eaten by other animals of the region, although for none of
these other animals has foraging been investigated as intensively.

All samples with a number ending with /74 and all of the form M**/75 (where
** indicates two or three digits) were collected by D.P. All other samples whose
references end with /75 and all of those ending /76 were collected by D.K. All others
(designated 1A, 1B, 2A, 2B, etc.) were collected by S.A. except for 28B, collected by
D.K. In many cases, one of the other co-authors or various other colleagues (see
Acknowledgments) also helped.

The samples were preserved in one of three ways. For proximate analyses, most
of S.A.’s and D .K.’s samples were frozen. This was done as soon after collecting as
practical, usually within 1-2 h. These samples were collected in plastic-lined bags
designed to hold freeze-dried foods (Foil Pak no. 6, Champion Packages Co.,
Columbus, GA). Particular care was taken with foods that were likely to desiccate
rapidly after picking, e.g. the ovaries of Trianthema ceratosepala. The collecting
bags were kept in the shade and were kept closed. The samples were collected,
weighed, and frozen as quickly as possible.

After being sealed, the collecting bags were in turn sealed into clear polythene
bags, to avoid changes in weight from surface condensation, then placed in a
freezer or the freezing compartment of a refrigerator at Ol Tukai, in Amboseli. At
about monthly intervals, these samples were packed with a bag of ice, wrapped in
newspaper or other insulating material, and taken to Nairobi. There the samples
were kept in a freezer until they were analysed. Other samples used for proximate
analysis, including all of D.P.’s samples and the few samples used for mineral
analysis, were air-dried, either in the sun (D.K.) or above an outdoor ‘oven’ (a
heavy-gauge, steel ammunition box) that was kept warm by the coals of our
campfire (D.P.).

For analysis of vitamins and trypsin inhibitor, samples were stabilized by
placing them immediately after picking into 3-5% oxalic acid, in UV-proof jars.
Very small items, such as the ovaries of T. ceratosepala, were placed directly into
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the solution. Larger items, such as the berries of Azima tetracantha, were first
lanced, or cut into pieces. These wet-preserved samples were kept in a dark cabinet
at our base camp at Ol Tukai until our next trip (usually monthly) to Nairobi, from
which they were shipped by air freight to the Nutrition Division of the WARF
Institute, in Madison, Wisconsin, where all of the vitamin analyses were carried
out. Unfortunately, we did not know, at the time that we made our field collections,
that Vitamin A and folicin are unstable in acid media (Altmann, 1979). Therefore,
our values for these vitamins are probably underestimates. The preservation
method that was used for each sample is indicated in the tabulated results below.

Quantitative analyses were carried out by three laboratories: the WARF
Institute Inc., in Madison, Wisconsin, the National Agricultural Laboratories,
Nairobi, and the Nutrition Laboratory, Department of Animal Production.
University of Nairobi, Kabete. The methods of analysis, where indicated to us by
the laboratories, are referenced in the Tables.

Except where data on water content were inadvertently missed, all analyses
were converted to a fresh-matter basis, in order to compute the actual nutrient
intakes of animals (Altmann, 1987).

At present, we have only limited tests of the consistency (replicability) of these
chemical analyses and no tests of their accuracy (Altmann, unpubl). Although
Table 1 lists several foods that were analysed more than once, the dates and places
of collection for most of these materials were usually quite remote and the material
was gathered by different people, so that one cannot rule out heterogeneity
(sample-to-sample differences) as an explanation for any differences in
composition. In one case, however, an attempt was made to check on consistency
by analysing matched samples. Dry seeds of fever trees (Acacia xanthophloea) were
divided into three piles. One pile (Sample 20B-2) was sent to WARF, the other two
(21B, 22B), to the Nutrition Laboratory of the University of Nairobi. In each case,
a proximate analysis was requested but the laboratories were not notified that these
samples were in any way special. The difference between the largest and smallest of
the three values for each nutrient are as follows: water 0%, minerals 0-2%, lipids
0-5%., proteins 1-0%, fibres 8-1%, soluble carbohydrates 7-6%. There is a large
discrepancy for fibre, and therefore also for soluble carbohydrates, since the
amount of the latter is determined ‘by difference’, i.e. by subtracting the sum of all
other values from 100%. The discrepancy is primarily between laboratories: the
two samples analysed in Kenya differ in fibre content by only 0-9%.

Results

The results of proximate analyses (water, ash, lipids, proteins, fibres and soluble
carbohydrates) are given in Table 1 and those for several vitamins and trypsin
inhibitor are given in Table 2. Results for mineral elements are given in Table 3.

In these Tables, each food is given a four-letter code. These codes are used to
facilitate computerized data analysis of the data in these Tables (Altmann, 1987).
The first two letters represent the taxon (species, where known). The third letter
indicates the part of the plant: leaves, flowers, etc. The fourth letter represents the
‘condition’, e.g. degree of ripeness.

In Table 1, four assumed values are explained in the footnotes. One requires
further comment. Our one laboratory report (721-75) for protein in dry A. tortilis
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seeds, namely 1-7%, is surely wrong, judging from the literature on leguminous
seeds, including other Acacia species (Gwynne, 1969) and consequently so too is
the reported very high carbohydrate level, which is calculated by difference. No
other analysis of 4. tortilis seeds has been found in the literature. We therefore used
the mean (23-7% of dry weight) of the four values given by Gwynne (1969) for seeds
of other acacias with indehiscent pods. This was converted to a fresh-matter 20-3%
protein for seeds with a water content of 14-3%, and the value of carbohydrate was
then adjusted accordingly. Even this value may be an underestimate, since protein
in the pods with seeds of this species was 4-0% of fresh matter, equivalent to [4-6%
of dry matter (17-8% of dry matter in Dougall, Drysdale & Glovers’ 1964 report on
material collected in nearby Tsavo National Park) and in Gwynne’s 1969 report,
the mean ratio of protein in seeds to protein in pods plus seeds for four analyses of
indehiscent acacias was 2-0, which suggests 25-3% protein (fresh-weight basis) for
the seeds of 4. tortilis.

Taxonomic notes

We have relied on the East African Herbarium (now the Kenya Herbarium) for
identification of plants in Amboseli, and a small herbarium collection is main-
tained in the Park. All plants used in this report were identified by the authors by
comparison with these Herbarium-identified specimens.

The systematics of East African plants is still imperfectly known. The following
taxonomic notes are based on our discussions and correspondence with the
Herbarium staff, whose assistance and patience we are happy to acknowledge.

Some lilies recorded as Ornithogalium donaldsonii may have been O. ecklonii,
which also occurs in Amboseli. Several grass species have recently been separated
from Cynodon dactylon (Clayton, Phillips & Renvoize, 1979). Material gathered
around a waterhole in the Amboseli study area during 1980 and typical of material
formerly identified as C. dactylon was identified at the Kenya Herbarium as C.
nlemfuensis. Dasysphaera prostrata is now a synonym of Volkensinia prostrata and
Solanum dubium of S. coagulans. Plants that S.A. referred to as Sericocomopsis
hildebrandtii are probably Achyranthes aspera L. var. pubescens. Psilolemma
Jjaegeri (syn. Odyssea jaegeri) may have been confused with Odyssea paucinervis.

Sample descriptions

For the material included in each sample, we have prepared detailed descriptions
that will be useful to anyone attempting to apply, replicate or compare our
results. However, these descriptions are too bulky to publish. Copies of the full text
are available from the authors or from the Primate Center Library, Wisconsin
Regional Primate Research Center, Madison WI 53715 (tel. 608-263-3512). In
addition, a copy has been deposited in the library of the Institute for Primate
Research, National Museums of Kenya, Nairobi.

Discussion

This report gives the results of 864 biochemical analyses from ninety-one primate
foods obtained from thirty-seven species of plants in Amboseli. Many of these
foods are eaten by other animals, as well.
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Several related studies have been carried out in Amboseli. Wrangham &
Waterman (1981) analysed total phenols and tannins from many of the vervet
monkeys’ plant foods. Post (1978) mapped a large portion of this area into
hundreds of plant zones, on the basis of a classification of twenty-three zone types.
Altmann (1976) and Western (unpubl.) have been studying demographic changes
in the acacia trees of Amboseli. The exudates of these trees have been analysed by
Hausfater & Bearce (1976) and the effects of herbivores on them have recently been
studied by Michael Milgroom. Klein (1978) has studied phenological changes in
the Amboseli flora and effects of these changes on vervet monkey breeding seasons.
We are currently monitoring key phenological changes on a routine basis.
Long-term changes in the Amboseli habitat have been described by Western (1973)
and by Western & van Praet (1973).

As aresult of these studies, the Amboseli region is now one of the world’s most
intensively studied natural feeding areas for primates. Much work remains to be
done, however. For a number of foods, proximate analyses have not yet been
carried out and, to date, few analyses have been made of components within the
proximate classes. So, for example, while complementarity between the amino
acids of the grasses and legumes is suspected on the basis of related cultivars
(Altmann, 1987), no analyses of amino acids have been carried out yet. (Such a
study has recently been initiated by S. A. Altmann and Robert Heinrickson.) The
only plant toxins that have been analysed to date are trypsin inhibitor, total
phenols and tannins, and those only from a few Amboseli plants. Toxins of some of
the local species, e.g. Solanum incanum (Watt & Breyer-Brandwijk, 1962) are
known from research at other sites. Only a few analyses of micro-nutrients have
been carried out (Tables 2 and 3) and at present we have only very limited data on
phenological changes in nutrients and toxins.
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