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Fresh Acacia tortilis pods were mixed with low quality native grass hay to form the following five rations: 100% hay (T1), 25% pods
and 75% hay (T2), 50% pods and 50% hay (T3), 75% pods and 25% hay (T4) and 100% pods (T5) on ‘as fed’ weight basis. Fifteen male
Barka goats, approximately one year old and 10–15kg body weight, were randomly assigned to the five rations and fed in individ-
ual pens. Chemical composition, dry matter intake (DMI), in vitro dry and organic matter digestibility and body weight changes of
the animals were evaluated. The average crude protein content of the pods was about 47% higher than the 7% minimum required
for normal rumen function, while that of the hay was about 13% below. Percent ash, neutral detergent fibre (NDF), acid detergent
fibre (ADF), hemi-cellulose (HC), cellulose (CL) and acid detergent lignin (ADL) contents were higher in the hay than in the pods.
The pods were, however, generally higher in Ca, P, Mg and Na than the hay. Average DMI (g d-1 and g kg-1 LBW), percent in vitro dry
and organic matter digestibility and body weight gains (total kg and gd-1) increased with an increase in A. tortilis pods, up to 75%
level and then begun to decline. However, despite the decrease, T5 still had significantly (P < 0.05) higher feed digestibility and body
weight gains than T2 and T3. Thus, supplementing low quality range herbage with Acacia pods can considerably improve the nutri-
tive value of range livestock diets, particularly during the dry season when other types of fodder are of extremely low quality.
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Trees and shrubs of the genus Acacia Mill. are probably the
most dominant woody species in the dry tropics of sub-
Saharan Africa (Le Houerou 1980, NRC 1979). There are
about 135 species of Acacia in Africa today, many of them
widely spread throughout the arid and semi-arid tropics of
western, eastern and southern Africa, either as pure stands
or in mixtures with allied woody species (Pellew 1980).
Species of the genus provide high quality animal fodder, tim-
ber, fuelwood, charcoal, gums and other products as well as
contributing to soil stabilisation and improvement through
nitrogen fixation. Their particular value in arid zones lies in
their extreme resistance to heat, drought, salinity and alka-
linity, drifting sand, grazing and repeated cutting (Le
Houerou 1980). 

Pastoralists in Africa have long recognised the impor-
tance of Acacia trees and shrubs as a source of fodder
(browse and pods) in the dry season. They have over the
years developed appropriate techniques of harvesting the
fodder, including pollarding (e.g. Acacia nilotica), lopping
(e.g. A. seyal) and use of long hooked poles to manually
shake down the pods of species such as Acacia tortilis.
Fallen leaves, flowers and pods constitute an important
source of forage for domestic and wild herbivores
(Coughenour et al. 1985, Du Toit 1990, Dunham 1991,
Halevy and Orshan 1973, Mwalyosi 1987, 1990, Pellew

1983a, 1983b, Vesey-Fitzgerald 1973). Some species such
as A. tortilis (Forssk.) and A. brevispica flower profusely,
producing large quantities of highly nutritious seedpods,
which can be stored for use as dry season supplement
(Kayongo and Field 1983). 

Chemical analyses show that Acacia seedpods are
potential sources of protein, minerals and moderate levels of
carbohydrates for livestock (Du Toit 1990, Dunham 1991).
Seeds alone have a high crude protein (up to 38%) and
lower fibre than empty pods, and carbohydrate content
varies across species. (Gwynne 1969, Tanner et al. 1990).
A. tortilis subsp. raddiana fodder shows satisfactory levels of
digestible protein (12%) and energy (6.1mJ kg-1 of dry mat-
ter), and high mineral content. Although there is a consider-
able wealth of information on the chemical composition of
browse and pods (Coughenour et al. 1985, Du Toit 1990,
Dunham 1991, Kayongo and Field 1983, Halevy and Orshan
1973), few studies have been conducted to evaluate the
ability of fodder from trees and shrubs to meet the nutrition-
al requirements of different kinds of livestock under different
grazing regimes in tropical Africa. This study was, therefore,
designed to determine the influence of increasing levels of
A. tortilis pods on intake, digestibility and nutritive quality of
diets of growing Barka goats in south-western lowlands of
Eritrea. 

Introduction
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Materials and methods

The study was conducted at Shambuko Agricultural
Research Station in Gash Setit Province, Eritrea. Hand-har-
vested A. tortilis pods and native grass hay were both
chaffed and mixed to form the following five rations: 100%
hay (T1), 25% pods plus 75% hay (T2), 50% pods plus 50%
hay (T3), 75% pods plus 25% hay (T4) and 100% pods (T5)
on ‘as fed’ weight basis. The browse consisted predomi-
nantly of ripe pods before dehiscence, while the hay com-
prised cut and sun-dried mixture of native grass species.
Fifteen local male Barka goats, of about the same age (one
year) and body weight (10–15kg), were randomly assigned
to the five treatments (3 goats/treatment) and fed in individ-
ual pens in a completely randomised single factor experi-
mental design.

The study lasted 90 days comprising 14-days pre-treat-
ment adjustment during which all animals were fed grass
hay twice a day and 76-days data collection period during
which animals were fed their respective rations. All animals
were treated against internal and external parasites before
the beginning of the study. In the course of the study, the
bucks were weighed every week, in the morning, following
an over-night fast. Feeding was done twice a day, at 08h00
and 16h00 at 105% ad libitum, to ensure that animals vol-
untarily ate all that they needed. The amount fed each day
was adjusted on the basis of the previous day’s voluntary
intake, to an amount that would result in about 5% orts
(feed refuse). Feed offered each day was sampled. Each
animal’s samples were composited and stored for chemical
analysis later. Orts were measured before the subsequent
feeding. Daily feed intake was calculated as the difference
between the amount of feed offered and the amount
refused. The bucks had free access to clean water and a
commercial mineral lick block throughout the experimental
period.

In vitro digestibility
In vitro dry and organic matter digestibility of the diets was
determined using standard procedures (Tilley and Terry
1963). Inoculum was obtained from a rumen-fistulated steer,
three to four hours after feeding, filtered through a thick
100% polyester wool cloth and immediately stored in a ther-
mos flask. The donor steer was feeding on local grass hay,
similar to the one used in the study. All diet substrate sam-
ples to be incubated were mixed in the same proportions as
in the experimental diets. Incubations were carried out in
duplicate. One blank tube per eight tubes was included. In
vitro dry matter disappearance (%) was calculated using the

following formula:
IVDMD = 100(S - R - B)/S

where S = sample weight, R = residual weight and B = blank
inoculum weight

Data were analysed by the analysis of variance (ANOVA)
procedures for completely randomised experimental design
using Statistical Package for Social Sciences (SPSS).
Where treatment effects were significant, comparisons
among individual means were made using Fisher’s least sig-
nificance difference (LSD) procedure.

Chemical composition
For chemical analyses, feed samples were oven-dried at
50°C and then ground through a 1mm screen of a Wiley mill.
Dry matter (DM), organic matter (OM), crude protein (CP)
and total ash contents were determined according to the
AOAC (1980) procedures, while neutral detergent fibre
(NDF), acid detergent fibre (ADF), acid detergent lignin
(ADL), and acid insoluble ash (AIA) were determined
according to the procedures of Goering and Van Soest
(1970). Hemicellulose (HC) was calculated as the difference
between NDF and ADF, and cellulose (CL) as the difference
between ADF and ADL. Mg and Ca contents were deter-
mined by atomic absorption spectrophotometer method; K
and Na by flame emission photometry procedures and P by
the colorimetric method (AOAC 1980).

Results and discussion

Table 1 presents the average percent chemical composition
of the native grass hay, whole A. tortilis pods, hulls and
seeds. Results show that the hay and pods were very high
in DM content, which was mainly attributed to the fact that
both were harvested during the dry season. The 6.2% aver-
age CP content of the hay was below the 7–8% minimum
recommended for normal rumen function (Leng 1990).
Acacia pods, on the other hand, had approximately two
times more CP than the hay. Thus, access of free ranging
livestock to Acacia pods, as is common in most of Eastern
Africa’s rangelands, can potentially improve the diet quality
of animals, particularly during the dry season.

Average AIA, NDF, ADF, HC, CL and ADL (%) contents
were slightly higher in the hay than in the pods. Ca, P, Mg
and Na content was considerably higher in the pods lower
than in the hay. According to NRC (1985), small ruminants
require 0.21–0.51% Ca, 0.16–0.37% P, 0.04–0.08% Mg and
0.04–0.1% Na. Therefore, on the basis of chemical compo-
sition analysis results, the hay used in this study could have
met the Ca and Mg requirements of the goats. However,

Table 1: Average percent chemical composition of grass hay, whole A. tortilis pods, seeds and hulls (DM = dry matter, OM = organic matter,
AIA = acid insoluble ash, CP = crude protein, NDF = neutral detergent fibre, ADF = acid detergent fibre, ADL = acid detergent lignin, CL = cel-
lulose, HCL = hemi-cellulose, Ca = calcium, P = phosphorus, K = potassium, Mg = magnesium, Na = sodium, T = trace)

Item DM OM AIA CP NDF ADF ADL CL HCL Ca P K Mg Na

Grass hay 90.5 89.1 10.90 6.2 60.1 35.2 5.5 29.7 25.6 0.25 0.2 1.8 0.1 T
Pods 91.1 93.4 6.64 13.3 28.4 24.7 5.7 19.0 3.7 5.6 1.5 9.7 1.1 0.09
Hulls 90.2 92.8 7.18 8.9 31.1 27.1 6.8 20.3 4.1 5.6 1.0 10.4 0.7 0.10
Seeds 91.7 95.0 5.00 26.3 23.1 20.5 3.4 17.1 2.6 5.3 2.4 7.6 1.6 0.11
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under normal grazing conditions, this might not have been
possible due to inadequate DM intakes associated with the
low quality of the hay.

Intake, digestibility and body weight changes
Average dry matter intake (g d-1 and g kg-1 BLW), percent in
vitro dry and organic matter digestibility and body weight
gains (total kg and g d-1) increased with an increase in
amount of A. tortilis pods in the rations, up to 75% level and
then started to decline (Table 2). However, T5 animals still
showed significantly (P < 0.05) higher average organic mat-
ter digestibility and weight gains than T2 and T3 animals. On
the other hand, T1 animals actually lost weight, which was
mainly attributed to the nutritional stress experienced by the
animals as a result of relatively low intake and digestibility of
the hay. According to the results of this study, 75% pods sup-
plementation level should be the maximum. Such levels
might, however, not be attainable under normal grazing con-
ditions, particularly during the dry season, when the pods
like other forages are scarce.

The greatest cause of poor livestock performance, par-
ticularly in the tropics, is limited feed intake and digestibility
of feed: intake being almost synonymous with energy intake
and digestibility with availability of nutrients to the animal.
When feed availability is not a limiting factor, intake increas-
es up to a certain point, above which digestibility becomes
the limiting factor (Jamieson and Hodgeson 1979). The
increase in dry matter intake, digestibility and body weight
gains with an increase in the amount of Acacia pods,
observed in this study, could be attributed to the stimulating
effect of high nitrogen (protein) and energy on the rumen
microbial fermentative capacity, resulting in increased rumen
turnover rate. Church and Santos (1981) observed a steady
increase in digestibility with an increase in supplemental
nitrogen up to a certain point and then it levelled off. On the
other hand, the decline in digestibility observed in T5 could
be attributed to lack of sufficient energy in the diet to utilise
the available protein. Polyphenolic compounds, such as tan-
nins, which are sometimes fairly high in Acacia browse
(Mueller-Harvey et al. 1988, Woodward and Reed 1989,
Tanner et al. 1990) could also have contributed to the drop
in digestibility in T5. Although the problem of polyphenolic
compounds was outside the scope of this study, other stud-
ies have shown that these compounds can complex with the
rumen micro-organisms, resulting in substantial reduction in
feed digestion rate (Reed 1986, Woodward and Reed 1989,
Tanner et al. 1990). 

High rumen digestibility increases the rate of feed disap-
pearance from the rumen through nutrient absorption and
increased rate of passage of feed particles (Church 1983).
This, in turn, results in increased feed intake and live weight
gains. However, diets with high CP content without readily
fermentable energy give low body weight gains, suggesting
lack of adequate energy for nitrogen metabolism and assim-
ilation by ruminants. Optimum nitrogen and energy levels in
the rumen result in rapid proliferation of the rumen micro-
organisms, which, in turn, results in a rapid breakdown of the
ingesta, and hence faster digestion rates. The lower weight
gains of animals on either pure hay or pods observed in this
study may be attributed to dietary nitrogen and energy defi-
ciencies, respectively. High nitrogen diets require readily
available energy sources that match the rate of nitrogen
metabolism and assimilation at the tissue level. If this
requirement is not met, much of the absorbed nitrogen is lost
through the urine, which reduces the amount of energy
available for weight gain, as nitrogen excretion requires
energy. This phenomenon could possibly account for the low
weight gains exhibited by T5 animals. In a similar study,
Andrews et al. (1972) observed that increasing levels of
energy in high protein diets resulted in higher live weight
gains than when energy was limited. 

Conclusion

Although this study was conducted under ‘artificial’ condi-
tions, i.e. forages were chopped and mixed in predeter-
mined proportions before feeding, and animals were con-
fined in crates, the results still have important practical appli-
cations. Our results show that Acacia tortilis pods are highly
acceptable to goats and when grass is limited on the range,
the pods can be an acceptable substitute for grass in goat
diets. The same would be expected of other small ruminants
like sheep. However, in case of large ruminants, such as cat-
tle, pastoralists would face the problem of inadequate quan-
tities of pods. Furthermore, consumption of pods consider-
ably improves the quality of goat diets as well as their growth
rate. These results suggest that resource-poor pastoralists
and agro-pastoralists, particularly in Africa, can use Acacia
pods as a strategic dry season supplementary feed to
improve the nutritional value of the inherently low quality nat-
ural forages. This would alleviate the feed quality constraint
generally imposed on livestock production systems in the
arid and semi-arid areas where conventional supplements
such as oil-seed cakes are rarely used because they are too

African Journal of Range & Forage Science 2003, 20: 59–62

Table 2: Dry matter intake (g d-1), in vitro dry and organic matter digestibility (%) and average daily body weight gains (g d-1). (Treatment
means in the same row with different letter superscripts differ significantly (P < 0.05))

Item A. tortilis pods level in diet (%)
T1 T2 T3 T4 T5

Total intake (g d1, DM) 395.3a 587.8c 669.0 d 776.3 e 446.1b

Intake (g kg1 BLW) 22.0a 30.4c 35.8d 38.8e 23.9b

IVOMD (%) 37.4a 48.6b 53.0b 61.6c 57.6c

IVDMD (%) 46.3a 48.3a 55.7b 63.6c 54.6b

Total Weight gain (kg) -1.7a 2.8b 3.4b 5.50c 4.9c

Daily weight gain (g) -19.9a 32.7b 40.6b 65.5c 58.5c
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expensive and not readily available. Feeding of Acacia tor-
tilis pods alone should, however, be discouraged, as they do
not provide adequate energy. At least 25% of the ration
should be made up of a high-energy feed. Because farmers
often harvest, dry and store Acacia pods for use during crit-
ical periods, further research should be conducted to deter-
mine how long the material could be stored before it
becomes unfit for the various kinds and/or classes of range
livestock.

Acknowledgements — We thank the Swedish International
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this study through the Pastoral Information Network Programme
(PINEP) of the Department of Range Management, University of
Nairobi.
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