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Summary

Livestock are reared in all agroecological zones of Ethiopia under various production
systems. Goats, although found in all agroecological zones, are popular in the drier
environments since they adapt well in harsh condition better than sheep and cattle.
Natural vegetation comprised of both woody and herbaceous species provides the feed
base year round in such environments. Due to seasonal variations, a marked fluctuation in
feed resource exists in quantitative and qualitative terms. The herbaceous particularly the
grasses, are faster in deteriorating while most of the woody (browse) species maintain
greenness and are able to provide higher level of crude protein and minerals to animals.
In areas where crops and livestock are integrated, crop residues provide substantial
amount of feed to animals. However, cereal straws are inherently low in crude protein
and high in fibre which results in low intake and digestibility. Thus such feeds cannot
even meet maintenance requirement of animals and should be supplemented to enhance
their nutritive value. Supplementation with browse foliage and fruits could be a viable

alternative in smallholder livestock-crop mixed production systems.

The study was comprised of four individual works. In experiment I, nutritional quality of
some important browse and grass species collected from Borana rangeland during the hot
dry and main rainy seasons were evaluated in terms of chemical composition, in vitro
digestibility and in sacco degradability potentials. In experiment II, the effect of
polyethylene glycol (PEG) on feed intake, digestibility, ammonia nitrogen concentration,
nitrogen balance and body weight gain of Borana goats was evaluated. Goats were fed a
basal diet of Rhodes grass (Chloris gayana) hay supplemented with either Acacia
brevispica or Acacia seyal leaves with or without PEG addition. The concentrate
replacement value of Balanites aegyptiaca leaves was evaluated in experiment III. The
concentrate was replaced at 25, 50, 75 and 100 percent by Balanites aegyptiaca and feed
intake, digestibility, nitrogen balance, excretion of purine derivatives and microbial
nitrogen supply and average daily body weight gain were evaluated using Arsi-Bale goats

fed barley straw as a basal diet. The fourth component of the study was a survey



conducted in the southern rangelands to assess the perception of pastoralists towards dry

season feed shortage and associated livestock poisoning in the rangeland.

The browse foliage had higher crude protein content (>10%) during both seasons with
higher values in the main rainy season (except for A. seyal). On the other hand, crude
protein content of grass species was only slightly above the critical limit required to
maintain proper functioning of rumen microbes. The fibre content was lower in the
browses and higher in the grasses. The concentration of condensed tannins was variable
among the browses ranging between negligible levels to over 30%. The in vitro and in
sacco digestibility values were generally higher for browses, which shows their potential
to be used as supplements to poor quality fibrous feeds. Experiment II showed that
addition of PEG did not result in significant differences in feed intake, digestibility of dry
matter, organic matter, and neutral detergent fibre as well as in nitrogen excretion and
retention, and average daily weight gain. However, goats receiving PEG had higher crude
protein digestibility, ammonia nitrogen concentration, and urinary nitrogen excretion.
Goats without PEG addition had higher faecal nitrogen loss. When the type of Acacia
was considered, A. seyal supplemented goats had higher feed intake while crude protein
digestibility and ammonia nitrogen concentration were higher for A. brevispica
supplemented goats. Higher average daily body gain was recorded for A. seyal
supplemented goats. Experiment III showed that B. aegyptiaca had a potential to be used
as supplement to cereal straw based diets. This was evident from the performance of the
animals even when the concentrate was replaced completely by B. aegyptiaca. All
animals had positive average daily body weight gain although it was lowest in animals
supplemented with sole leaves of B. aegyptiaca. The survey revealed that the pastoralists
in the southern rangelands are knowledgeable in allocation of resources, animal
husbandry and ethnoveterinary practices. It also showed the concern of pastoralists about
the changes in vegetation that favors woody and some unpalatable herbaceous species.
Twenty two plants were identified by pastoralists as causes of livestock poisoning when

ingested which usually occurs when animals are hungry and thirsty.



Samandrag

Husdyrhald er vanleg under ulike produksjonssystem i alle agrogkologiske soner i
Etiopia. Sjglv om geiter er finst over heile landet, er dei mest vanlege i tgrre strok. Dei
kan, betre enn sau og storfe, utnytta ein stor del av vegetasjonen, inkludert gras, urter og
lauvfor og har difor lettare for a livnara seg gjennom heile aret. Sesongvariasjonar med
regn- og tgrketid, gjer at det er stor variasjon i fortilgang og forkvalitet gjennom aret.

Normalt vil kvaliteten pa for fra urter og spesielt gras avta mykje raskare enn for lauvfor.

I omrade med bade dkerbruk og husdyrhald er halm og andre biprodukt ein viktig
forressurs. Men halm er eit proteinfattig for med hggt trevleinnhald. Det har difor lag
neringsverdi og opptaket er avgrensa. Dyra kan knapt dekka vedlikehaldsbehovet pa ein
slik rasjon. Tilskotsforing med lauvverk og frukter fra tre og buskvegetasjon kan difor
vera eit viktig tiltak for a auka produktiviteten i husdyrhaldet i sma driftseiningar med

akerbruk.

Dette arbeidet er samansett av fire artiklar. I forsgk I samla vi inn férprgvar i den varme
torketida og i hovedregntida fra viktige tre- og grasartar i beite i Borana-regionen i det
sorlege Etiopia. Forverdien vart bestemt ved analysar for kjemisk innhald, in vitro

fordgyingsgrad og in sacco nedbrytingsgrad.

I forsgk II sig vi pa verknaden av polyethylene glycol (PEG) pa f6ropptak,
fordgyingsgrad,  konsentrasjon av  ammonium-nitrogen, nitrogenbalanse  og
levandevektendring hos boranageiter. Geitene fekk hgy laga av Rhodes-gras (Chloris
gayana) med tilskot av enten Acacia brevispica eller Acacia seyal lauv med og utan

tilskot av PEG.
Forverdien til lauv fra Balanites aegyptiaca samanlikna med kraftfor vart studert i forsgk

II. Kraftforet vart erstatta med lauv 1 forholdet 25, 50, 75 and 100% 1 ein forrasjon med

bygghalm til Arsi-Bale geiter. Effekten av behandlinga vart studert med omsyn til

Vi



foropptak, fordgyingsgrad, nitrogenbalanse, ekskresjon av purin-derivat, tilgang pa

mikrobiell nitrogen og foropptak.

I del fire av dette arbeidet gjennomfgrte vi ei spgrjeundersgking for a finna ut kva
utfordringar pastoralistar i dei sgrlege heieomrada har med a skaffa for til buskapen i

tgrketida og om giftige planter er eit problem for husdyr.

Proteininnhaldet i lauvf6r var hggt (>10%) bade i tgrke- og regntid. Med unntak av A.
seyal, var innhaldet av protein hggast i hovedregntida. For grasartane derimot var
proteininnhaldet lagt og berre tilstrekkeleg for a dekka vedlikehaldsbehovet til dyra.
Fiberinnhaldet i lauv var ogsa lagare enn for gras. Innhaldet av kondenserte tanniner
varierte fra nesten ingenting til over 30%. Generelt var verdiane for fordgyingsgrad (in
vitro og in sacco) hggre for lauv enn for gras. Lauvfor har difor eit potensiale som
tilskotsfor i trevlerike forrasjonar. Tilskot av PEG i forrasjonen hadde ingen effekt pa
foropptak, fordgyingsgrad av tgrrstoff, organisk materiale, eller trevler (NDF), eller pa
nitrogenekskresjon og retensjon, eller middel dagleg tilvekst hos dyra (Forsgk II). Men
geiter med PEG i fo6rrasjonen hadde hggre fordgingsgrad med omsyn til raprotein,
konsentrasjon av ammonium-nitrogen og utskiljing av nitrogen i urinen. Geiter utan PEG

i rasjonen hadde hggare tap av nitrogen i mgkka.

Vi fann ogsa skilnad i forverdi mellom ulike akasie-treslag. Geiter med tilskot av A.
seyal i foret hadde hggre foropptak, medan fordgyingsgrad for raprotein og konsentrasjon
av ammonium-nitrogen var hggast for geiter som fekk tilskot av A. brevispica.

Tilveksten var ogsa stgrre for geiter som fekk A. seyal.

Forsgk III syner at B. aegyptiaca har eit potensiale som tilskotsfor til halmbaserte
forrasjonar, til og med nar alt kraftforet i rasjonen vart erstatta med lauvfor. Alle dyra
hadde positiv middel dagleg tilvekst, men vektendringane var minst for geiter som berre

fekk tilskot av lauv fra B. Aegyptiaca.
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Sperjeundersgkinga synte at pastoralistane Borana-regionen sit inne med stor kunnskap
om resursallokering beitebruk og -planter, husdyrhald og sjukdomsbehandling basert pa
lokal kunnskap. Dei uttrykte uro over at vegetasjonen har endra seg, fra opnare beitemark
til tettare buskvegetasjon med stgrre innslag av beiteplanter som ikkje hgver til for.
Pastoralistane identifiserte 22 planteslag som kan vera giftige for husdyr dersom dei blir

etne. Forgifting er vanlegast i periodar med formangel og nar dyra er tgrste.
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1. Introduction

1.1 Livestock and feed resources

Globally the contribution of livestock reaches up to 40 percent of the agricultural output
and livestock production is a means of livelihood for about a billion people (FAO, 2009).
In Africa more than 200 million people depend on livestock through the incomes
obtained from sale of animals and animal products such as meat and milk and direct
consumption of the products. Moreover, animals provide draught power and are
important to fulfill ritual and spiritual needs in some societies (Hoffman and Vogel,

2008).

Livestock production in Africa can be broadly categorized into three: Industrial livestock
production, pastoral and agropastoral and smallholder production systems (Hoffman and
Vogel, 2008). The later two production systems are of great importance as they are the
major production systems in Africa. The pastoral and agropastoral system which is
mainly found in the arid and semiarid regions depends largely on natural pasture
comprising herbaceous and woody perennials while in the smallholder system crop
residues contribute substantial amount of the ruminant feed. However, there is often
shortage of feeds in the dry season as grasses dry up quickly and become very scarce in
quantity and decline in quality (Tolera et al., 1997). In the mixed crop-livestock
smallholder production system crop residues which are usually available for the dry
season feeding are of low quality and hardly support maintenance requirement of
animals. Nutrient deficiencies in the available feeds in the dry season hamper animal
production (Kaitho et al., 1998b). On the other hand, most browse species have the ability
to remain green and maintain their nutritive value throughout the dry period (Tolera et al.,
1997). Browse species are high in protein and mineral content (Kibon and @rskov, 1993;
Kadzere, 1995) and thus important in supplementing low quality feeds like mature

grasses or cereal straws.

Ethiopia has diverse agroecological zones and a wide range of climatic features which

made the country suitable for various farming systems. Ethiopia is known for its large



livestock populations in Africa. The contribution of the livestock sector in terms of
products like meat, milk and hides accounts for 40 percent of the country’s agricultural
gross domestic product (GDP) and 20 percent of total GDP (Aklilu, 2002). If other
benefits were added such as provision of draught power, transport services, manure for
fertilizer and fuel, this percentage would be even higher. In Ethiopia, livestock are kept
for different functions and purposes both in the highland crop-livestock mixed production
system as compared to in the lowland pastoral and agropastoral production system. The
lowland area which covers 61 percent of the land mass is inhabited by various pastoral
and agropastoral communities like the Borana, Afar, Somali, Kereyyu, Hamar etc. whose
livelihood is mainly based on livestock. The pastoral areas of Borana, Afar and Somali

are the main sources of livestock destined for export market (Getachew et al., 2008).

In Ethiopia, goats are kept in all agroecological zones and contribute to food security
through production of milk, meat and cash incomes to the owners. However, production
and productivity of goats in east Africa is low due to various constraints among which
nutritional constraint can explain much of the low performance of goats in the region
(Tolera et al., 2000). The low production and productivity is manifested through stunted
growth of young animals; high mortality and morbidity rates and longer time taken to
reach market weight and reproductive age. In the arid and semiarid areas where the
pastoral and agro pastoral production system prevails, browse species contribute
substantial amount of feed ingested by goats (Hove et al., 2001; Ramirez, 1999) while in
the smallholder production system browse species can supplement low quality roughages
such as cereal crop straws. In line with this, Yayneshet et al. (2008) reported that 69
percent of feed ingested by goats in the northern Ethiopia was composed of various
browse species. Similarly Landau et al. (2000) reported that browse makes much of feeds
ingested by goats in the Mediterranean woodland/scrubland even when herbaceous
species are abundant. Goats maintain the amount of browse in their ingesta in a way that
they do not face dramatic change in the different seasons (Silanikove, 2000). However,
most browse species are known to contain compounds which are potentially
antinutritional or toxic to animals consuming them. These include polyphenols, saponins,

alkaloids and others among which polyphenols are most important (Kaitho et al., 1998b).



Tannins are one group of compounds in the broad category of plant polyphenols and of

great interest in animal nutrition.

1.2. Tannins: significance in animal nutrition
Tannins are compounds which are grouped under plant polyphenols. They are widely

distributed among forbs, shrubs and trees and are found in different parts of the plant
such as leaves, flowers, twigs, barks, roots, fruits (Woodward and Reed, 1989). They are
diverse in terms of molecular weights and complexity (Makkar, 2003). Tannins can be
classified mainly into two categories: hydrolysable tannins (HT) and condensed tannins
(CT) (Landau et al., 2000; Makkar, 2003; Goel et al., 2005) depending on their structure
and reactivity towards hydrolytic reagents. The hydrolysable and condensed tannins have
basic differences in their structure. In the case of HT, there is a central sugar which is
attached to several gallic acid groups while CT are polymers of flavanol units linked by
carbon-carbon bonds (Waghorn, 2008 ). It is not yet well understood why plants are
synthesizing these compounds, the main hypotheses being that they provide 1): protection
for the plant against herbivores, ii) defense against pathogen and that they are iii) means

of energy and nitrogen conservation (Waghorn, 2008).

Condensed tannins are also known as proanthocyanidins due to the fact that bright red
anthocyanadin chloride is released upon treatment with acid (Waghorn, 2008). They are
more abundant in forages than HT (Min et al., 2003) and are known to have both
beneficial and harmful effects in nutrition of animals depending on the nature and
concentration level (Makkar, 2003; Min et al., 2003; Waghorn, 2008). As reviewed by
Waghorn (2008), the positive effect of CT is primarily related to its ability to reduce
excess protein degradation in the rumen by forming CT-protein complexes and thus more
dietary protein enters small intestine. Most of the complexes formed are believed to be
hydrolyzed in the acidic environment of abomasum. This phenomenon is particularly
useful when the CP content of the feed is beyond the requirement of rumen
microorganisms. However, it becomes detrimental to the animal if the feed is low in CP

content but high in fibre. Condensed tannins may also prevent bloat formation in animals



on legume pastures particularly in temperate regions. Bloat is caused by high solubility of

proteins and leads to formation of stable foams (Min et al., 2003).

Forage condensed tannins (CT)
(in plant vacuoles)

Extractable ‘g —p | Free CT
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Figure 1: Proposed effect of condensed tannins (CT) on rumen bacteria and their

interactions. Source: Min et al. (2003).

Furthermore, condensed tannins are also known to have anthelmintic effect which
provides alternatives in areas where availability of drugs or drug resistance have become

a challenge (Min et al., 2003; Min and Hart, 2003).

Condensed tannins affect negatively ruminant nutrition in various ways and Waghorn
(2008) described it as “’double edged sword’’. They reduce feed intake and palatability
due to the astringency effect produced during chewing as plant cells rupture and release
CT and complexes are formed with salivary protein (Figure 1). Astringency is the
sensation/feeling created due to dryness in the oral cavity (Goel et al., 2005). Feed intake
could be depressed also as result of impaired digestion and irritation of the digestive tract

epithelium (Silanikove et al., 1997a) due to CT. Indeed, an inverse relationship exists



between concentration of CT and feed intake. Digestibility of protein is limited because
of the complexes formed with CT and becomes unavailable for rumen microbes. This
could be detrimental depending on CP content of the feed and animals requirement for
nutrients. The complexes formed in the rumen may dissociate in the more acid
environment of abomasum (Jones and Mangan, 1977). However, many will not get
hydrolyzed for digestion and absorption in the intestine (Makkar, 2003). Condensed
tannins have also ability to bind bacterial enzymes (Figure 1) and thereby depress their
accessibility and activity. This action coupled with their ability to form complexes with
cell wall carbohydrates further affects digestibility of the fibre fraction (Min et al., 2003;
Waghorn, 2008).

1.3. Use of polyethylene glycol (PEG) to deactivate tannins
Polyethylene glycol is a synthetic polymer with no nutritional value (Makkar et al., 1995)

and has been used to alleviate the negative effects of CT due to its strong affinity for
tannins (Getachew et al., 2001). It can form irreversible complexes with tannins and
thereby minimize binding of tannin to proteins (Jones and Mangan, 1977). Positive
results have been reported by application of PEG to browse based diets of sheep and
goats. In an earlier study Pritchard et al. (1992) reported increase in DM intake, N
digestibility and wool growth in sheep consuming Mulga (Acacia aneura) and
supplemented with PEG. More recently, several other workers have reported increased
DM intake (Bhatta et al., 2002; Decandia et al., 2000; Priolo et al., 2000), N digestibility
(Ben Salem et al., 1999; Bhatta et al., 2002; Decandia et al., 2000; Priolo et al., 2000) and
live wight gain (Ben Salem et al., 1999; Bhatta et al., 2002; Gilboa et al., 2000; Priolo et
al., 2000). Moreover, increased consumption of browse leaves with high tannin content
has been observed in goats supplemented with PEG (Decandia et al., 2000). In contrast to
the above reports, Mlambo et al. (2004) concluded that deactivation of Dichrostachys
cinerea CT rich fruits with PEG has no beneficial effect and thus these fruits can be used
effectively by goats without addition of PEG. Such differences in results with application
of PEG could occur due to diversity in structure and bioactivity of tannins. The effect of
tannins in browse species might be affected by the presence of other anti-nutritional

compounds, diet composition and the types (and ages) of animal.



1.4. Rationale of the study
The Ethiopian lowlands which comprise more than half of the country’s land mass are

home for valuable breeds of livestock including goats. In these areas which are
characterized as arid and semiarid, the livestock population is dependent mainly on
natural vegetation composed of herbaceous and woody species. There is a marked
seasonal fluctuation in the availability and quality of the natural vegetation. The shrubs
and trees are known to maintain better nutrient content than most herbaceous species and
thus are considered as alternative supplements to roughages such as low quality hay and
crop residues. Therefore, it was hypothesized that the use of leaves of indigenous browse
species as a supplement to low quality roughages could alleviate the problem of loss of
body condition of animals particularly in the dry season. On the other hand, most browse
species are known to contain various compounds considered as anti-nutritional
compounds which limit their potential use as supplements and thus addition of

polyethylene glycol was considered to deactivate tannins.

1.5. The objectives:
1. To evaluate the nutritive quality (chemical composition, in vitro DM digestibility,

in sacco DM degradability) of important browse and grass species in the Borana
rangelands during two main seasons: hot dry and main rainy seasons (Paper I).

2. To evaluate effect of Acacia brevispica or Acacia seyal leaf supplementation with
or without polyethylene glycol (PEG) addition on performance of Borana goats
fed a basal diet of grass hay (Paper II).

3. To evaluate concentrate replacement value of Balanites aegyptiaca leaves when
supplemented to Arsi-Bale goats fed a basal diet of barley straw (Paper III).

4. To assess the feed resource and management, strategies in dry periods and

problem of livestock poisoning in the southern rangelands of Ethiopia (Paper IV).



2. Materials and methods

2.1. Field site description
In Paper I, seasonal variation in nutritive quality of indigenous forage species was

evaluated. Forage samples were collected from Borana rangeland. The climate in the area
is generally semiarid with annual rainfall average of 500 mm in the south to 700 mm in
the north. The rainfall pattern is bimodal, with the main rains falling between March and
May while the short rains fall between September and November (Coppock, 1994).
Generally the rain in the area is erratic and variable which makes crop production
unreliable activity. The Acacia leaves used as a supplement in Paper II were also

collected from the same area.

2.2. Forage sampling and analysis
Forage sampling was undertaken in four pastoral associations selected from Yabello and

Dire woreda (districts). Sixteen transects, each with length of about 1.5 km were
constructed and followed while sampling. The samples were collected both during the hot
dry season and main rainy season in the area. There were eight and 10 browse and three
grass species that were collected during both seasons. The samples were dried, ground
and analyzed for chemical composition, in sacco DM degradability and in vitro DM

digestibility.

2.3. Experiments and survey procedures
Feed intake, digestibility, nitrogen balance and body weight changes of Borana goats fed

on Rhodes grass (Chloris gayana) hay and supplemented with either A. brevispica or A.
seyal leaves with or without addition of polyethylene glycol were evaluated in Paper II.
In this experiment 32 growing Borana goats were used. The experiment was conducted in
Hawassa in the University farm where animals were kept in individual pens with feeding
trough and watering bucket. During the digestibility trial animals were kept in individual
metabolism cages with feeding trough and watering bucket. There were four animals in
each treatment. The acacia leaves were collected from Borana rangeland by hand

plucking and were dried under shade. The growth experiment lasted for 70 days while



digestibility trial was undertaken for 7 days of collection period after the growth
experiment. The feeds and feeding management were the same for both growth
experiment and digestibility trial. Polyethylene glycol was provided to the goats in
concentrate mixture. Feed intake, digestibility, nitrogen balance, ammonia nitrogen

concentration and body weight changes of goats were evaluated.

In Paper III, the concentrate replacement value of B. aegyptiaca leaves was evaluated
using 20 Arsi-Bale goats fed barley straw as basal diet and supplemented with varying
levels of concentrate and B. aegyptiaca leaves. The B. aegyptiaca leaves replaced 25
(T2), 50 (T3), 75 (T4) and 100 (T5) % of the concentrate in the diet whereas those in T1
received 100% concentrate mixture as a supplement. Feed intake, digestibility, and
nitrogen balance, microbial nitrogen supply and body weight changes of goats were
evaluated. The B. aegyptiaca leaves were collected and dried under shade while the
barley straw was obtained from Kofale and Qore districts West Arsi Zone, Oromia
Regional State and transported to Hawassa University. The concentrate mixture was
prepared from equal proportions of wheat bran and linseed cake. The growth and
digestibility experiments lasted for 84 and 7 days, respectively. The experiment was

conducted in the same farm unit as in Paper II. Data were analyzed using SAS (2003).

The survey (Paper 1V) was conducted in the southern rangelands which included the
Borana and Garri pastoralists. The survey involved individual interviews and focused
group discussion. One hundred and nineteen household heads took part in the interview
which included young and elderly as well as women. During the survey, dry season
forage conditions and coping strategies, vegetation changes, and the problem of livestock
poisoning in relation to dry season feed shortage was assessed. Data collected were

analyzed using SPSS (version 15.0).

3. Summary of results

The summary of the results in the present work is given for individual papers referred by

Roman numerals (I to IV)
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3.1. Paper I: Chemical composition and digestibility
The nutritive quality of forage species collected from Borana rangeland during the hot

dry and main rainy seasons were evaluated on the basis of chemical composition,
IVDMD and in sacco DM degradability. The browse species had higher CP content in
both seasons while it was lower than 10% for grasses. The CP content of the browse
species was higher during the main rainy season except for Acacia seyal. The ash content
was found to be higher in grasses than in browse species. The fibre content of the browse
species was variable during both seasons and no clear trend was observed. In general, the
fibre content was higher in the grasses than in the browse species. The concentration of
condensed tannins was higher during the main rainy season which could be associated
with the growth of new leaves, which need protection from damages, at this season. The
IVDMD of browses were higher particularly for Acacia nilotica, A. seyal, Acacia tortilis,
Grewia tembensis and Vernonia cinerascens, while the remaining browses had [IVDMD
values similar to grasses in the main rainy season. The in sacco DM degradability study
was done on four browse and one grass species. Two of the browse species (Acacia
nilotica and Balanites aegyptiaca) had the highest degradability values in both seasons,
whereas the other two species (Grewia bicolor and Rhus natalensis) had moderate
degradability. The lowest DM degradability values were observed in the grass species,

Chrysopogon aucheri, in the dry season.

3.2. Paper II: Use of Polyethylene glycol to deactivate tannins
The effect of polyethylene glycol was tested in a factorial design where growing goats

were either supplemented or not given PEG when either Acacia brevispica or A. seyal
was as a supplement to a basal diet of Rhodes grass (Chloris gayana) hay. Effects of PEG
supplementation were observed on intake of DM, CP and neutral detergents. Compared
with goats receiving A. brevispica, animals supplemented with A. seyal had significant
higher daily DM intake and body weight gains. Digestibility of CP was affected by both
presence of PEG and type of Acacia supplemented. Crude protein digestibility was higher
(P<0.05) in PEG supplemented goats. Also A. brevispica supplemented goats had higher
CP digestibility than those provided with A. seyal whereas no differences were found in

digestibility of DM, OM, and NDF. Excretion of nitrogen in faeces was higher (P<0.05)
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in goats without PEG while those receiving PEG had higher (P<0.05) nitrogen in urine
while total nitrogen excreted and nitrogen retained remained unaffected. Average daily
body weight gain was higher (P<0.05) in A. seyal supplemented goats than those
supplemented with A. brevispica leaves. However, addition of PEG did not have a

significant effect on the body weight gain of the goats.

3.3. Paper III: Concentrate replacement value of B. aegyptiaca
Concentrate replacement value of B. aegyptiaca leaves was evaluated using Arsi-Bale

goats fed barley straw as a basal diet. No significant differences (P>0.05) were observed
in DM intake among the treatments. However, DM intake tended to be significant
(P=0.06) with higher intakes recorded in T2, T3 and T4. On the other hand, there were
significant differences in OM (P<0.05), CP (P<0.001), NDF and ADF (P<0.05) intakes.
The highest digestibility of DM, OM and CP were recorded for T1 which was similar to
T2 and T3 but different from T4 and TS While digestibility values for T2, T3, T4 and T5
did not differ significantly (P>0.05). A decreasing trend in digestibility occurred as
proportion of B. aegyptiaca was increased in the diet. Neutral detergent fibre digestibility
was unaffected. There were no significant differences in nitrogen balance of the animals,
although there were differences in nitrogen intake and digestibility. Further, no
significant differences were recorded in excretion of purine derivatives and microbial
nitrogen supply. All animals gained modest body weight with significant differences
(P<0.001) between the treatments. The highest daily gain was recorded for T2 (28.7 g)
which was similar to T1 but different from all others. Animals in T1, T3 and T4 had
similar daily gain but different from T5. The sole B. aegyptiaca leaves supplemented
animals (T5) had the lowest daily gain (11.3 g) compared to others. However, in such
areas where concentrate supplementation is not practical B. aegyptiaca could be a viable

option to improve or maintain body condition of animals particularly in dry periods.
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3.4. Paper IV: Pastoralists’ perception on feed shortage and livestock poisoning
The survey showed that livestock remains to be main livelihood source in the southern

rangeland, although there is an increasing trend of crop farming. The area is endowed
with diverse vegetation comprising both herbaceous and woody species which sustains
valuable breeds of livestock for the nation. The pastoralist indicated that diversity of the
vegetation is useful as it acts as a natural feed security for the animals during scarcity
because there is a potential of supplying forage at different times of the year. However,
the respondents also indicated the on-going gradual changes in vegetation composition, in
favor of expansion of woody species and some herbaceous unpalatable forbs at the
expense of some very valuable perennial grasses. Some plants were mentioned as
potential toxic to young animals or certain species of livestock. During the survey, 22
plants were reported to have toxic effects upon ingestion by animals. It was also indicated
that most of the poisoning occur during periods of feed and water scarcity. The
respondents mentioned various ways of dealing with poisoning as veterinary services are

limited. This includes use of herbs, milk, local mineral salt, branding and water.

4. General discussion

The first step in feed evaluation is to determine its chemical composition and undertake
degradability or digestibility studies. Paper 1 deals with the chemical composition, in
vitro digestibility and in sacco degradability of some indigenous browse and grass
species in the Borana rangelands. The CP content of most herbaceous species including
grasses, are low during the dry seasons. The grasses had low CP content, which is below
the minimum level required for optimum rumen microbial function during the dry season.
According to Bondi (1987), animals receiving feeds which contain crude protein less than
six percent cannot maintain a positive nitrogen balance. On the other hand, the CP
content of the browse species is well above this critical level during both seasons with
slightly higher values in the wet season except for A. seyal. The lowest CP value (109
g/kg DM) was recorded in the dry season for Rhus natalensis. This difference in CP
between the browse and grasses is the basis for using browses as a supplement to poor

quality roughages. Several experiments have shown the supplementary value of browse
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species to cereal straw based diets (e.g. Reed et al., 1990; Woodward and Reed, 1995;
Kaitho et al., 1998a; Solomon et al., 2004). On the other hand, most shrubs and trees are
known to contain varying levels of secondary plant metabolites such as tannins.
Condensed tannin is widely distributed in nature and could affect feed intake and
digestibility. In this study the concentration of CT ranged from negligible concentration
in Balanites aegyptiaca to 332 g/kg DM in Acacia tortilis. Tannin content can vary with
plant species, stage of maturity and plant parts, level of harvesting or browsing and the
environmental conditions (Roberts et al., 1993). Several factors are also known to affect
the analysis of tannins particularly CT which include initial harvesting of forage samples,
drying and extraction methods employed (Schofield et al., 2001). Fibre is important in
nutritive value of forages as its characteristics can have great impact on the extent of
digestion of organic matter (Huhtanen et al., 2006). The fibre contents were generally
lower in the browse species compared to the grasses. The in vitro dry matter digestibility
(IVDMD) of the browse species was affected by species but unaffected by season and
remained high both in the dry and main rainy seasons. In grasses IVDMD was affected
by species and season. The values were lower during the dry season but improved in the
main rainy season and were comparable to G. bicolor, A. brevispica and R. natalensis.
Similarly the in sacco degradability results support the trend seen in the IVDMD. Acacia
nilotica and B. aegyptiaca had the highest values in both seasons while R. natalensis and
G. bicolor were intermediate during the dry season followed by the grass specie
Chrysopogon aucheri. The lower digestibility/degradability of grasses during the dry
season could be as a result of advancement in maturity and thus accumulation of cell wall

components.

As supported by the findings in Paper I, there exists a variation in quality of forages
between seasons and species and it is more pronounced in herbaceous species particularly
grasses while most of the browse species have high CP and digestibility. Thus it becomes
appropriate to supplement dry grasses and also cereal crop residues with leaves (fruits) of
browse species or concentrates whenever possible. Shrubs and trees contribute
significantly to feed ingested by goats in the drier regions of the world (Devendra, 1991;

Ramirez, 1999). In the southern rangelands the population of woody vegetation has
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increased tremendously in the past few decades and can make significant contribution to
browsers like goat and camel (Paper IV). On the other hand, most of the browses are
known to contain secondary plant metabolites which include condensed tannins
(Getachew et al., 2001; Bhatta et al., 2002). Due to the anti-nutritional effect of CT,
contribution of browse may be hampered and thus requires deactivation of CT to enhance
their nutritive value and animal productivity. Paper II investigates the effect of PEG in
deactivating the condensed tannins in two indigenous Acacia species, A. brevispica and

A. seyal, when fed to growing goats as a supplement to grass hay.

Condensed tannins are abundant in nature and can negatively affect feed intake and
digestion. In this regard, Silanikove et al. (1996a) reported the reduction in feed intake
and digestibility due to CT in the leaves of carob (Ceratonia siliqua). They also observed
reduction in the activity of ruminal and intestinal enzyme in both sheep and goats. The
application of polyethylene glycol to such kind of feeds has demonstrated the potential of
improving utilization of forages high in CT. A study by Ben Salem et al. (1999) showed
increased CP and NDF digestibility, increased N retention and daily body weight gain in
sheep consuming PEG-treated A. cyanophylla Lind. foliage compared to those given
fresh or air-dried foliage. Bhatta et al. (2002) also reported increased feed intake of
Prosopis leaves upon administering five g PEG per day to individual kids. The PEG
group had also higher CP digestibility, increased rumen ammonia nitrogen concentration.
In earlier study Pritchard et al. (1992) showed positive effect of PEG on feed intake, CP
digestibility, N retention and wool growth in sheep fed Acacia aneura. However, there
are contrasting results regarding the effect of PEG in deactivating tannins. Mlambo et al.
(2004) reported low N digestibility and retention and less body weight gains in goats
receiving PEG treated Dichrostachys cinerea fruits compared to those receiving either
NaOH treated or untreated fruits or commercial protein supplements. Decandia et al.
(2000) did not find differences in digestibility of CP, nitrogen retention and body weight
gains of the goats receiving or not receiving PEG. In our study, there was higher CP
digestibility and ammonia nitrogen concentration for goats receiving PEG compared to
groups without PEG supplementation. Nevertheless, there were no differences in nitrogen

retention and body weight gain between the two groups. The ambiguous results in the
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various experiments undertaken with PEG addition to tannin rich foliages could be due to
the differences in concentration of tannins, their structure and bioactivity (Hagerman et
al., 1992; Waghorn, 2008) and also presence of other secondary compounds such as
saponins (Makkar, 2003). Moreover, the species difference between sheep and goat could
explain part of the differences in the results obtained by various workers. Sheep are
grazers and less adapted to browse compared to goats and thus show pronounced effects
of polyethylene glycol when supplemented to browse based diets. Min et al. (2003)
showed that two species of Lotus with similar concentration of tannin had different
effects on the animals. This demonstrates the fact that concentration alone cannot be used
to judge the effect of tanniniferous feeds and that other attributes should be considered.
Therefore, overall recommendation of PEG in deactivation of tannin in browse species
has to be considered with caution. The two Acacia species used in this study differed in
their effect. Acacia seyal supplemented goats had higher feed intake, N retention and
daily weight gain although CP and ammonia nitrogen concentration were lower than A.
brevispica supplemented goats. The lack of effect of the increased CP digestibility and
ammonia nitrogen concentration recorded in A. brevispica could be due to uncoupling of

energy source for maximum utilization.

Cereal crop residues are important feed resources in the tropics and contribute much to
the feed availability, particularly in the dry season, in mixed crop-livestock and
agropastoral production systems. Cereal crop residues are low in quality because of low
CP and mineral contents, and low digestibility. Supplementation is thus required to
alleviate such deficiencies and improve animal performance. Concentrates are costly and
in short supply in most parts of Ethiopia. Thus in our study, we evaluated the concentrate
replacing value of B. aegyptiaca leaves in barley straw based diets using Arsi-Bale goats.
Balanites aegyptiaca grows well in pastoral and agropastorl areas of Ethiopia and is
known to maintain its green leaves in the dry season. It has moderate CP content but
moderate condensed tannins. In this experiment, it substituted concentrate mixture at 25,
50, 75 and 100 percent. Animals in the different treatments had similar DM intake but
differed in nutrient intakes, which could be due to differences in nutrient content of the

concentrate mixture and B. aegyptiaca leaves. The digestibility of DM, OM and CP were
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higher for diets containing more concentrate mixture and lowest when sole B. aegyptiaca
was used as a supplement. Balanites aegyptiaca has lower CP content compared to the
concentrate mixture and also it has substantial concentration of CT which could hamper
CP digestibility. However, DM and CP digestibility of diet with sole B. aegyptiaca agrees
with reports of Woodward and Reed (1995) for tef straw based diet supplemented with A.
brevispica. Furthermore, the DM digestibility of Albizia harveyi and Grewia similis in
Cenchrus ciliaris based diet reported by Goromela et al. (1997) and that of Leucaena
leucocephala and Sesbania sesban (accession 1190, 2024) supplements in tef straw based
diets reported by Kaitho et al.(1998a) compares well with our results. Diet with more B.
aegyptiaca resulted in higher fecal N but lower urinary N loss. High N loss in urine is
considered more harmful to the environment and less beneficial to the farmer who
depends on manure as a fertilizer. Excretion of purine derivatives and microbial nitrogen
supply also remained similar across treatments. All animals gained weight, including
those fed B. aegyptiaca as a sole supplement, with varying magnitude. Cereal straws
without supplements are not able to meet maintenance requirements of animals due to the
inherent deficiencies which limit microbial growth and activity. The positive weight
gains in the present study are much the role of concentrate and B. aegyptiaca in supplying
nutrients deficient in the straw. A number of studies (e.g. Reed et al., 1990; Woodward
and Reed, 1995; Kaitho et al., 1998; Solomon et al., 2004) have reported positive weight
gains in straw based diets supplemented with foliages from trees and shrubs. Therefore,
B. aegyptiaca could be considered as a potential dry season supplement to poor quality

feeds in smallholder farming situations.

The survey conducted in the southern rangelands of Ethiopia, showed that livestock
remain to be the main source of livelihood despite the increasing interest in crop
cultivation. The pastoralists have embarked on food crop cultivation to cope with the
food insecurity they are facing due to frequent drought. This action may be a threat to dry
season grazing pattern as both compete for the bottomlands. A study in Borana area by
Angassa and Oba (2008) showed that the majority of the respondents in their study were
involved in bottomland cultivation as opposed to upland. The area has experienced

frequent drought in the past few decades. This combined with other factors like ban on
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range burning has resulted in dramatic change in vegetation composition particularly in
Borana area. According to the respondents the change has favored woody species and
some unpalatable forbs, while amount of perennial grasses with higher feeding potential
is declining. This is a great challenge to Borana pastoralists who largely depend on cattle.
Moreover, certain plants in the rangeland have the ability to cause toxic effect when
ingested by animals. According to the respondents the incidence is encounted more in the
dry season because these plants maintain greenness and apparent palatability. Twenty two
such plants were identified by the respondents in the study area to have toxic effects. The
effect on animal production ranges from stunted growth in young ones, reduced milk
production and loss of weight in adult and deaths in severe instances. The pastoralists use
their knowledge of ethnoveterinary to treat poisoned animals using various items

including herbs, local mineral salts, milk, water and antibiotics.

5. Conclusion and recommendation

The browse species evaluated had medium to high CP and relatively low fibre contents
and high in IVDMD digestibility while the grasses were low in CP, high in fibre contents
and relatively low IVDMD values. The CP content of the browse species was above 10
percent even during the dry season, which shows their potential role as supplements to
animals fed poor quality roughages as basal diet. However, this should be considered
with caution since some of the browses contain substantial amounts of tannins which
could be affecting palatability, feed intake and digestion. Addition of polyethylene glycol
to diet of goats based on grass hay and supplemented with either A. brevispica or A. seyal
did not affect feed intake, DM and fibre digestibility, N excreted and retained and body
weight gain but had influenced CP digestibility, concentration of ammonia N, and route
of excretion of N. All animals supplemented with B. aegyptiaca gained live weight
throughout the study period, including the treatment where B. aegyptiaca leaves replaced
100% of the concentrate mixture. Hence, smallholder farmers who cannot afford to buy
commercial concentrates or provide home-grown grains to their animals can use sole
leaves of B. aegyptiaca as a supplement to crop residues. The gain in live weight was

improved when B. aegyptiaca was used in combination with concentrate mixture with the
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highest gain occurring when the concentrate mixture and B. aegyptiaca leaves were used
as supplements in a 3:1 ratio. The choice of feeding strategy depends on the objective and
also the availability of these supplements in the area. Dry season feed shortage is closely
associated with livestock poisoning in the southern rangelands. A number of plants have
been identified by the pastoralists as being toxic to livestock when ingested. Range
livestock poisoning could be a potential threat in the changing climatic conditions.
Therefore, it is critical to identify the principal compounds responsible for toxicity and
undertake possible preventive and treatment measures. The existing vegetation has to be
utilized through appropriate livestock species combined with various strategies to

suppress proliferation of bushes.

19



References

Aklilu Y. 2002. An audit of the livestock marketing status in Kenya, Ethiopia and Sudan.
OAU/IBAR (Organizaition of African Union/Inter-African Bureau for Animal
Resources), Nairobi, Kenya.

Angassa, A. and Oba, G. (2008). Herder perceptions on impacts of range enclosures, crop
farming, fire ban and bush encroachment on the rangelands of Borana, southern
Ethiopia. Human Ecology. 36: 201-215.

Ben Salem, H., Nefzaoui, A., Ben Salem, L., Tisserand, J.L. 1999. Intake, digestibility,
urinary excretion of purine derivatives and growth by sheep given fresh, air-dried or
polyethylene glycol- treated foliage of Acacia cyanopylla Lindl. Animal Feed
Science and Technology. 78: 297-311.

Bhatta, R., Shinde, A.K., Vaithiyanathan, S., Sankhyan, S.K., Verma, D.L. 2002. Effect
of polyethylene glycol-6000 on nutrient intake, digestion and growth of kids
browsing Prosopis cineraria. Animal Feed Science and Technology. 101: 45-54.

Bondi, A.A. 1987. Animal Nutrition. Wiley, Chichester, UK.

Coppock, D.L., 1994. The Borana plateau of southern Ethiopia: Synthesis of pastoral
research, development and change.1980-1990. International Livestock Center for
Africa, Addis Ababa. Ethiopia

Decandia, M., Sitzia, M., Cabiddu, A., Kababya, D., Molle, G., 2000. The use of
polyethylene glycol to reduce the anti-nutritional effects of tannins in goats fed
woody species. Small Ruminant Research. 38: 157-64.

Devendra, C. 1991. Nutritional potential of fodder trees and shrubs as protein source in
ruminant nutrition. In: Speedy, A., Pugliese, P.L. (eds), Legume trees and other
fodder trees as protein sources for livestock. FAO, Rome, Italy, 95-113.

FAO (Food and Agricultural Organization), 2009. The state of food and agriculture.
Rome, Italy.

Getachew, G., Makkar, H.P.S., Becker, K., 2001. Method of polyethylene glycol
application to tannin containing browse to improve microbial fermentation and
efficiency of microbial protein synthesis from tannin containing browse. Animal
Feed Science and Technology. 92: 51-57.

Getachew, L., Hailemariam, T., Dawit, A., Asfaw, N. 2008. Live animal and meat export
value chains for selected areas in Ethiopia. Constraints and opportunities for
enhancing meat exports. Improving Market Opportunities. Discussion Paper No. 12.
ILRI (International Livestock Research Institute), Nairobi, Kenya. 56pp.

20



Gilboa, N., Perevolotsky, A., Landau, S., Nitsan, Z., Silanikove, N. 2000. Increasing
productivity in goats grazing Mediterranean woodland and scrubland by
supplementation of polyethylene glycol. Small Ruminant Research. 38: 183—190.

Goel, G., Puniya, A.K., Aguilar, C.N., Singh, K. 2005. Interaction of gut microflora with
tannins in feeds. Naturwissenschaften. 92: 497-503.

Goromela, E.H., Ledin, 1., Uden, P. 1997. Indigenous browse leaves as supplement to
dual purpose goats in central Tanzania. Livestock Production Science. 47: 245-252.

Hagerman, A.E., Robbins, C.T., Weerasuriya, Y., Wilson, T.C., McArthur, C., 1992.
Tannin chemistry in relation to digestion. Journal of Range Management. 45: 57—
62.

Hoffman, T., Vogel, C. 2008. Climate change impacts on African rangelands.
Rangelands. 30: 12—17.

Hove, L., Topps, J.H., Sibanda, S., Ndlovu, L.R., 2001. Nutrient intake and utilization by
goats fed dried leaves of the shrub legumes Acacia angustissima, Calliandra
calothyrsus, and leucaena leucocephala as supplement to native pasture hay.
Animal Feed Science and Technology. 91: 95-106.

Huhtanen,P., Ahvenjarvi, S., Weisbjerg, M.R., Ngrgaard, P., 2006. Digestion and passage
of fiber in ruminants. In: Sejrsen, K., Hvelplund, T., Nielsen, M.O. (eds) Ruminant
physiology. Digestion, Metabolism and impact of nutrition on gene expression,
immunology and stress. Wageningen Academic Publishers, The Netherlands.

Jones, W.T., Mangan, J.L. 1977. Complexes of the condensed tannins of sainfoin
(Onobrychis visiifolia Scop.) with fraction in leaf protein and with submaxillary
mucoprotein and their reversal by polyethylene glycol and pH. Journal of the
Science of Food and Agriculture. 28: 126—136.

Kadzere, C.T. 1995. Feed resources for sustainable ruminant livestock production in
southern Africa. African Study Monographs. 16: 165-180.

Kaitho, R.J., Umunna, N.N., Nsahlai, I.V., Tamminga, S., Van Bruchem, J. 1998a.
Utilization of browse supplements with varying tannin levels by Ethiopian Menz
sheep. Intake, digestibility and live weight changes. Agroforestry Systems. 39:
145-159.

Kaitho, R.J., Umunna, N.N., Nsahlai, I.V., Tamminga, S., Van Bruchem, J.1998b.

Utilization of browse supplements with varying tannin levels by Ethiopian Menz
sheep. Nitrogen metabolism. Agroforestry Systems. 39: 161-173.

21



Kibon, A., @rskov, E.R. 1993. The use of degradation characteristics of browse plants to
predict intake and digestibility by goats. Animal Production. 57: 247-251.

Landau, S., Perevolotsky, A. Bonfil, D., Barkai, D., Silanikove, N. 2000. Utilization of
low quality resources by small ruminants in Mediterranean agro-pastoral systems:
the case of browse and aftermath cereal stubble. Small Ruminant Research. 63: 39—
49.

Makkar, H.P.S. 2003. Effects and fate of tannin in ruminant animals, adaptation to
tannins, and strategies to overcome detrimental effects of tannin-rich feeds. Small
Ruminant Research. 49: 241-256.

Makkar, H.P.S., Blimmel, M., Becker, K., 1995. Formation of complexes between
polyethylene glycols and tannins, and their implications in gas production and true
digestibility in in vitro techniques. British Journal of Nutrition. 73: 897-913.

Min, B.R., Barry, T.N., Attwood, G.T., McNabb, W.C. 2003. The effect of condensed
tannins on the nutrition and health of ruminants fed fresh temperate forages: a
review. Animal Feed Science and Technology. 106: 3—19.

Min, B.R., Hart, S.P., 2003. Tannins for suppression of internal parasites. Journal of
Animal Science. 81: 102-109.

Mlambo, V., Smith, T., Owen, E., Mould, F.L., Sikosana, J.L.N., Mueller-Harvey, I.
2004. Tanniniferous Dichrostachys cinerea fruits do not require detoxification for

goat nutrition: in sacco and in vivo evaluations. Livestock Production Science. 90:
135-144.

Priolo, a., Waghorn, G.C., Lanza, M., Biondi, L., Pennisi, P. 2000. Polyethylene glycol as
means for reducing the impact of condensed tannins in carob pulp: effects on lamb
growth, performance and meat quality. Journal of Animal Science. 78: 810-816.

Pritchard, D.A., Martin, P.R., O’Rourke, P.K., 1992. The role of condensed tannins in
nutritive value of Mulga (Acacia aneura) for sheep. Australian Journal of
Agricultural Research. 43: 1739 17-46.

Ramirez, R.G. 1999. Feed resources and feeding techniques of small ruminants under
extensive management conditions. Small Ruminant Research. 34: 215-230.

Reed, J.D., Soller, H., Woodward, A., 1990. Fodder trees and straw diets for sheep:
intake, growth, digestibility and the effect of phenolics on nitrogen utilization.
Animal Feed Science and Technology. 30: 39-50.

Roberts, C.A., Beuselinck P.R., Ellersieck M.R., Davis D.K., McGraw R.L., 1993.

Quantification of tannins in birdsfoot trefoil germplasm. Crop Science. 33: 675-
679.

22



SAS, 2003. SAS User’s Guide. (Version 9.1). SAS Institute Inc., Cary, NC, USA.

Schofield, P., Mbugua, D.M., Pell, A.N. 2001. Analysis of condensed tannins: a review.
Animal Feed Science and Technology. 91: 21-40.

Silanikove, N. 2000. The physiological basis of adaptation in goats to harsh
environments. Review. Small Ruminant Research. 35: 181-193.

Silanikove, N., Gilboa, A., Nir, L., Perevolotzky. A., Nitsan, Z., 1996a. Effect of daily
supplementation of polyethylene glycol on intake and digestion of tannin-
containing leaves (Quercus calliprinos, Pistacia lentiscus and Ceratonia siliqua) by
goats. Journal of Agriculture and Food Chemistry. 44:199-205.

Silanikove, N., Gilboa, N., Nitsan, Z.1997a. Interactions among tannins,
supplementation, and polyethylene glycol in goats fed oak leaves. Animal Science.
64: 479-483.

Solomon, M., Peters, K.J., Tegegne, A., 2004. Microbial nitrogen supply, nitrogen
retention and rumen function in Menz sheep supplemented with dried leaves of
multipurpose trees, their mixture or wheat bran. Small Ruminant Research. 52: 25—
36.

SPSS (Statistical Package for Social Sciences), 2007. SPSS 15.0 Student Version for
Windows, Prentice Hall.

Tolera, A., Khazaal, K., @rskov, E.R. 1997. Nutritive evaluation of some browse species.
Animal Feed Science and Technology. 67: 181-195.

Tolera, A., Merkel, R.C., Goestch, A.L., Sahilu, T., Negesse, T., 2000. Nutritional
constraints and future prospects for goat production in East Africa. In: The
opportunities and challenges of enhancing goat production in East Africa. (Merkel,
R.C., Abebe G., and Goestch, A.L., editors). Conference held at Debub university,
Awassa, Ethiopia. Nov 10-12, 2000. pp219.

Waghorn, G., 2008. Beneficial and detrimental effects of dietary condensed tannins for
sustainable sheep and goat production- Progress and challenges. Animal Feed
Science and Technology. 147: 116-139.

Woodward, A., Reed, J.D. 1989. The influence of polyphenolics on the nutritive value of
browse: a summary of research conducted at ILCA. ILCA Bull., 35: 2-11.

Woodward, A., Reed, J.D. 1995. Intake and digestibility for sheep and goats consuming

supplementary Acacia brevispica and Sesbania sesban. Animal Feed Science and
Technology. 56: 207-216.

23



Yayneshet, T., Eik, L.O., Moe, S.R. 2008. Influence of fallow age and season on the
foraging behavior and diet selection pattern of goats (Capra hircus L.). Small
Ruminant Research. 77: 25-37.

24









Seasonal variations in nutritive value of some browse and grass species
in Borana rangeland, southern Ethiopia

Aster Abebe™, Adugna Tolera™, @ystein Holand?, Tormod Adngy®, Lars Olav
Eik*!

“Department of Animal and Aquacultural Sciences, Norwegian University of Life
Sciences, P.O. Box 5003, N-1432, As, Norway

bDepartment of Animal and Range Sciences, Hawassa University, P. O. Box 5, Hawassa,
Ethiopia

‘Ethiopia Sanitary & Phytosanitary Standards and Livestock & Meat Marketing Program
(SPS-LMM)

dDepartment of International Environmento and Development Studies, P.O. Box 5003, N-
1432, As, Norway

“Corresponding author e-mail: aster.woldemaria@umb.no; aster_ab2003 @yahoo.com
Tel: +476496 6042; Fax: +476496 5051

Submitted to Tropical and Subtropical Agroecosystems



Abstract

The Borana rangeland has diverse species of woody and herbaceous plants which are
useful as forage. Chemical analysis, in vitro dry matter digestibility (IVDMD) and in
sacco degradability study were conducted on feed samples collected from browse and
grass species during the hot dry and main rainy seasons. Chemical analysis and IVDMD
were done for Acacia brevispica, Acacia nilotica, Acacia seyal, Acacia tortilis, Balanites
aegyptiaca, Grewia bicolor, Grewia tembensis, Rhus natalensis, Vernonia cinerascens
and Maracaa (native name) and grass species Cenchrus ciliaris, Chrysopogon aucheri
and Pennisetum mezianum while in sacco degradability was undertaken for A. nilotica, B.
aegyptiaca, G. bicolor, R. natalensis and C. aucheri. The crude protein content (CP) of
the browse species was higher in the rainy season except for A. seyal which had higher
value in the dry season (210 g/lkg DM). The condensed tannin (CT) concentration
ranged from 1.18 to 332 g/kg DM in B. aegyptiaca and A. tortilis, respectively. The NDF
and ADF were highest in G. tembensis and G. bicolor while lowest values were in A.
nilotica and A. seyal in the dry season, respectively. During the rainy season G. tembensis
had highest NDF (750 g/kg DM) and lowest was in A. nilotica (128 g/ kg DM). The ADF
ranged from 84 to 347g/ kg DM in A. nilotica and Maracaa, respectively. The IVDMD
among the browse varied from 0.965 to 0.718 and 0.974 to 0.676 in the dry and rainy
seasons, respectively. In grass species CP was low (57-84 g/kg DM) compared to
browse species. The NDF ranged from 728 to 749 g/kg DM and from 673 to 709 g/kg
DM in dry and rainy seasons, respectively. The highest (654) and lowest (405) ADF
values were recorded for C. ciliaris and P. mezianum in the dry season while the IVDMD
was higher (0.698-0.811) in the rainy season compared to the dry season (0.577-0.620).
The in sacco DM degradability was highest for A. nilotica throughout the incubation time
followed by B. aegyptiaca and lowest was in C. aucheri. The browse species had high
feed potential based on chemical and digestibility/degradability values recorded in this

study while grasses could be considered as moderate.

Key words: Borana pastoralists; Digestibility; Hot dry season; Main rainy season



1. Introduction

The Ethiopian lowlands are situated below 1500 m above sea level and comprise about
61% of the national land area. The Borana rangelands of southern Ethiopia covers about
95,000 km? and it is predominantly inhabited by the Borana pastoralists (Coppock, 1994).
The Borana pastoral system has traditionally been based on cattle husbandry for wealth
accumulation and milk production while small ruminants provide quick cash income
(Desta and Coppock, 2004). The Borana rangelands support livestock that are valuable as
sources of food and cash income for the pastoral and agropastoral communities. They are
source of foreign currency earnings for the nation and cattle are particularly important to

provide draught power for smallholders in the highlands (McCarthy, et al., 2002).

Cossins and Upton (1987) described the Borana rangeland as one of the most productive
systems of traditional pastoral lands in East Africa, which supports diverse valuable
vegetation. The dominant herbaceous plants in the study area are perennial grasses which
include Cenchrus, Cynodon, Themeda, Pennisetum, Entropogon, Bothriochloa,
Brachiaria, Sporobolus, Panicum, Chloris, Aristida, Dactyloxenium, Leptothrium,
Heteropagon and Hyparrhenia (Coppock, 1994). Browse constitutes substantial amount
of the diet of goats, camels and sheep in the Borana rangelands (Coppock, 1994) and a
similar trend is observed in other arid and semi-arid regions of Ethiopia. Trees and
shrubs (browse) are important sources of fodder for livestock in the tropics and dry
environments and withstand harsh climatic conditions better than herbaceous species
(Silanikove et al., 1996a). Browse species maintain their green leaves longer into the dry
season (Coppock, 1994; Tolera et al., 1997) and are known to supply better crude protein
(CP) and minerals (Coppock, 1994; Kadzere, 1995). According to Coppock (1994) the
most common woody genera in the study area include: Acacia, Commiphora,
Combretum, Cordia, Terminalia, Aspilia, Albizia, Juniperus, Rhus, Boscia, Boswellia,
Cadaba, Balanites, Salvadora, Dobera, Pappea, Grewia, Delonix and Boswellia spp.
Gemedo et al. (2006) reported a total of 327 plant species in Borana lowlands among

which 118 species were identified as useful forage plants.



However, the widespread encroachment of woody plants in the Borana rangelands has
become a serious concern of the pastoralists, researchers and development workers in the
area. According to Angassa (2007) 83% of the Borana rangelands have been threatened
by a combination of bush encroachment and invasion by unpalatable forbs while only
17% of the rangelands were free from either bush encroachment or invasion by
unpalatable forbs. This situation has negative impact on herbaceous growth and biomass
production. In support of the above statement, the report of Van Wijigaarden (1985)
reveals that in savanna ecosystem of East Africa an increase in bush cover by 10%
reduces grazing by 7%. The grazing capacity could be lost entirely when bush cover

reaches 90%.

Due to the change in vegetation, the composition of livestock species in the area is
changing. Desta and Coppock (2000) reported increasing number of browsers like
camels in Borana pastoral system in response to increased woody plants though the
Borana are traditionally cattle pastoralists. The population of small ruminants and
particularly that of goats is believed to increase in recent years (personal communication
with pastoralists). While it is critical to maintain the balance of the ecosystem in the
Borana rangelands to sustain the pastoral production system, it is important to utilize the
wide range of woody and herbaceous plants as sources of forage. The availability and
quality of the different browse and grass species is believed to vary from season to season
due to marked seasonality in rainfall distribution that affects the growth and development
of the plant species, particularly that of the grasses and other herbaceous species.
Therefore, the present study was undertaken to evaluate the seasonal variations in

nutritive value of some important native browse and grass species in the area.



2. Materials and methods

2.1. Description of study area

The study was conducted in Dirre and Yabello districts of Borana zone, Oromia National
Regional State, southern Ethiopia. The area receives bi-modal rainfall, with the main
rains (ganna) falling between March and May, and short rains (hagayya) falling between
October and November (Cossins and Upton, 1987) followed by the hot dry season (bona
hagayya). The cool dry season (adolesa) comes after the main rains between June and
August. However, the actual length of the rainy season is getting shorter and shorter

through time and the area is prone to more frequent drought (Tolera and Abebe, 2007).

2.2. Sampling, sample preparation and chemical analysis

Sampling of forage material was conducted in two major seasons, hot dry and main rainy
seasons. Four sites were selected in the above mentioned two districts which included
two ranches and two communal grazing lands in four pastoral associations'. Four
transects were constructed in each site and it covered areas between 1350 to 1780 m
above sea level. Transects were about 1.5 km in length and sampled at 50 m interval. The
leaves of the selected browse species were hand plucked when available along transects
while grass samples were harvested at about 5 cm above the ground. Samples were air

dried until transported to laboratory.

The forage samples collected were oven-dried at 50°C for 72 h and ground to pass
through 1 mm sieve for chemical analysis and in vitro digestibility and 2 mm sieve size
for in sacco degradability study. The ground samples were kept in air-tight containers
until used for analysis. The determination of dry matter (DM), ash and nitrogen (N) was
done according to AOAC (1990). Neutral detergent fibre (NDF) and acid detergent fibre
(ADF) were analyzed following the procedure of Van Soest and Robertson (1985).

! Smallest administrative unit in pastoral areas



Digestion was undertaken using ANKOM Fibre Analyzer™ (ANKOM Technology
05/03, Macedon, NY USA) using F57 ANKOM filter bags. Condensed tannins was

analyzed according to Maxson and Rooney (1972).

2.3. In vitro dry matter digestibility (IVDMD)

The IVDMD was determined following the procedure of Van Soest and Robertson
(1985). Feed samples were incubated in Daisy Incubator (ANKOM Technology 05/03,
Macedon, NY USA) using F57 ANKOM filter bags and subsequent digestion was carried
out in ANKOM Fibre Analyzerm. Rumen fluid used in this study was obtained from two
rumen fistulated sheep fed 600 g Rhodes grass (Chloris gayana) hay; 200 g fresh alfalfa

(Medicago sativa) and 200 g concentrate mixture on daily basis in two equal portions.

2.4. In sacco degradability study

To determine the in sacco DM degradation and degradability characteristics of feed
samples, about 2.5 g feed sample in nylon bags were incubated in the rumen of three
rumen-fistulated sheep. The sheep were kept in individual pens and fed 600 g Rhodes
grass hay; 200 g fresh alfalfa and 200 g concentrate mix daily in two equal portions.
Clean drinking water was provided everyday. Nylon bags were withdrawn at 4, 8, 16, 24,
72 and 96 h of incubation and immediately rinsed in tap water. This was followed by
machine washing in three cycles which lasted 15, 10 and 5 minutes. The 0 h measurement
was obtained by washing and drying duplicate bags with samples which were not
incubated in the rumen. The data were fitted to the exponential equation p = a+b(1-¢™') of
@rskov and McDonald (1979), where p is DM degradation at time t. Since the washing
loss (A) was higher than the estimated rapidly soluble fraction (a), the lag time was
estimated according to McDonald (1981) by fitting the model p = A for t<ty, p = a+b(1-e
Yy for t>ty and the degradation characteristics of the forage samples were defined as A=

washing loss (represents the soluble fraction of the feed); B = (a+b)-A, representing the



insoluble but slowly degradable fraction; ¢ = the rate of degradation of B and the lag
phase (L) = (1/c)loge[b/(a+b-A)] (Drskov and Ryle, 1990). Potential degradation (PD)
was estimated as (A+B), while effective degradability (ED) of DM calculated according
to Dhanoa (1988) using the formula ED = A+ [Bc/(c+k)] at rumen outflow rates (k) of
0.05h™.

2.5. Statistical analysis

Analysis of variance was carried out on chemical composition, IVDMD and in sacco
degradability using General Linear Model procedure of Statistical Analysis System (SAS,

2001). The model included the effects of species, season and their interaction.

3. Results

3.1. Chemical composition and IVDMD of browse species

Chemical composition and IVDMD of the browse species are presented in Table 1. The
chemical composition of the browse species, except the ADF content, was influenced by
both the species of the plants and the season while the ADF content and IVDMD were
not influenced (P>0.05) by season. Among the browse species total ash content was
lowest in Acacia nilotica both in dry (60 g’kg DM) and rainy (42 g/kg DM) seasons while
the highest was recorded for Grewia tembensis (114 g/kg DM) in the wet season. The CP
content of the browse species ranged from 109 g/kg DM in Rhus natalensis to 210 g/kg
DM in Acacia seyal in the dry season and corresponding values for rainy season ranged
from 134 to 196 g/lkg DM in R. natalensis and Acacia brevispica, respectively. The CP
content of the browse species, except for A. seyal, was higher in the rainy season than in
the dry season. A very wide variation was recorded in condensed tannins (CT)
concentration between the browse species within the seasons. It ranged from 1.18 g/kg

DM in Balanites aegyptiaca to 196 g/lkg DM in R. natalensis in the dry season. In the



rainy season, G. tembensis and B. aegyptiaca had the lowest (2 g/lkg DM) while Acacia
tortilis had highest (332 g/lkg DM). A higher concentration of CT was recorded in the
rainy than in the dry season for most of the browse species except G. bicolor and G.

tembensis.

The NDF content of the browse species varied between species and seasons (P<0.05).
The highest NDF content was recorded for G. tembensis in the dry and rainy seasons
while A. nilotica had lowest in both seasons. In both dry and rainy seasons, Acacia
brevispica, A. nilotica and A. tortilis had lower NDF contents while B. aegyptiaca, G.
bicolor, G. tembensis and R. natalensis had relatively higher NDF contents. In the dry
season, the lowest ADF contents were recorded for A. seyal followed by A. nilotica and
highest value was recorded for G. bicolor. In the rainy season as well A. nilotica and A.
seyal had the lowest ADF content while Maracaa had the highest. The IVDMD ranged
from 0.718 in G. bicolor to 0.965 in A. nilotica in the dry season. Grewia tembensis had
the second highest (0.921) IVDMD next to A. nilotica. In the rainy season, the highest
IVDMD was in A. nilotica (0.975) followed by Vernonia cinerascens (0.934) while the

lowest values were recorded for G. bicolor (0.676) and second lowest Maracaa (0.741).

3.2. Chemical composition and [VDMD of grass species

The chemical composition and IVDMD of the grass species are presented in Table 2. The
ash content varied from 108 g/kg DM in Pennisetum mezianum to 133 g/kg DM in
Cenchrus ciliaris in the dry season while in the rainy season, the ash content varied from
120 g/kg DM in P. mezianum to 128 g/lkg DM in C. ciliaris although the differences were
not significant. The total ash recorded for grass species were higher than for browses
except for G. tembensis. The CP content of the grass species was lower than those
recorded for the browse species (Table 1) in both seasons. The lowest CP was in P.
mezianum (57 g/kg DM) in the rainy season while the highest was in the dry season for

Chrysopogon aucheri (84 g/lkg DM).



The NDF content of the grass species varied from 673 g/kg DM in C. ciliaris in the rainy
season to 749 g/kg DM in same species in the dry season. The ADF content varied from
405 to 654 g/kg DM in the dry season. Pennisetum mezianum had the lowest IVDMD in
both seasons while C. aucheri and C. ciliaris had the highest in the dry and rainy seasons,
respectively. Generally the IVDMD of the grass species was lower than that of the

browse species except for G. bicolor and Maracca.

3.3. In sacco dry matter degradability of forage species

The dry matter disappearance of five forage species (four browse and one grass species)
during the dry and rainy seasons at different incubation time are presented in Figure 1
and 2. Significant variations were observed in DM degradability between the species
throughout incubation time. Acacia nilotica had the highest degradability values followed
by B. aegyptiaca at all incubation time during both seasons while C. aucheri had the
lowest values. DM degradability of browse in dry season was higher than the
corresponding values in the rainy season up to 24 h incubation time. After 48 h
incubation time A. nilotica and B. aegyptiaca had higher degradability in the rainy season
compared to values in dry season while R. natalensis attained higher value at after 96 h in
rainy season. Among the browse, G. bicolor had the lowest (0.634) DM degradability

value.

Table 3 presents DM degradability at 48 h incubation time and degradability
characteristics during the dry and rainy seasons. During the dry season DM degradability
after 48 h incubation ranged from 0.810 to 0.417 in A. nilotica and C. aucheri,
respectively. The washing loss varied between 0.166 in C. aucheri to 0.427 in A. nilotica.
The values for the insoluble, but fermentable, fraction (B) ranged from 0.385 in C.
aucheri to 0.484 in R. natalensis. Chryospogon aucheri scored lowest potential (A+B)
and effective degradability (ED) values (0.548; 0.309), respectively while the highest

values were recorded for A. nilotica (0.843; 0.665) for both parameters. The rate constant



¢ was highest in B. aegyptiaca (0.089) and lowest in R. natalensis (0.020). The lag phase

ranged from 3.092 to 0.169 in R. natalensis and C. aucheri, respectively.

During the rainy season, DM degradability after 48 h incubation varied from 0.512 in C.
aucheri to 0.837 in A. nilotica. The second lowest value was recorded in G. bicolor
(0.529) whereas B. aegyptiaca had the second highest value after A. nilotica. 1t is
important to note that A. nilotica had the highest DM degradability in both season
followed by B. aegyptiaca. The washing loss (A) was highest in B. aegyptiaca (0.434)
and lowest in C. aucheri (0.204). Rhus natalensis and B. aegyptiaca had the highest and
lowest insoluble fraction, respectively. The potential degradability varied from 0.871 in
R. natalensis to 0.625 in C. aucheri while effective degradability was highest in A.
nilotica and lowest in C. aucheri. The rate constant was similar for A. nilotica (0.0789)
and B. aegyptiaca (0.0791) but lowest in G. bicolor. The lag phase was highest in R.
natalensis (5.067) followed by G. bicolor (2.117).

4. Discussion

4.1. Chemical composition

Several factors which include species, plant part, stage of maturity and climatic variables
affect the nutritive value of forages. The wide variation in chemical composition between
browse and grass species was as expected. The CP content of browses was high as
compared to grasses in both seasons in this study. Most browse species have the ability to
maintain their greenness and nutritive value through the dry season when grasses dry up
and deteriorate both in quality and quantity (Tolera et al., 1997). However the CP values
of browse species in this study are lower than values reported by Abdulrazak et al.
(2000), Woodard and Coppock (1995) and Gemedo (2004) with only few comparable
values. Variations in CP content between the browses may result from differences in
protein accumulation in them during growth (Salem ef al., 2006). In Sahelian and

Sudanian areas of West Africa variation in CP was estimated to range between 100 and
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206 g/kg DM (Breman and Kessler, 1995). In the present study none of the browse
species fell below this low margin as opposed to grass species. The low CP content of
grasses reported in this study agrees with reports of Woodward and Coppock (1995) for
herbaceous species and Berhane and Eik (2006) and Yayneshet et al. (2009) for grasses

although the magnitude is not same.

The total ash values reported for browse species in current study are slightly lower than
the values reported by Gemedo (2004) which may be due to differences in soil from areas
samples were harvested. Browses had lower ash value than the values recorded for
grasses in this study. The individual mineral elements that are supplied by a given feed
are more important than just total ash. Therefore it is important to further investigate the

mineral content of browses in the study area.

A very wide variation in CT content was recorded in this study between browse species.
The variation ranged from 1.18 in B. aegyptiaca in the dry season to 332 g/kg DM in A.
tortilis in rainy season. Concentration of tannins can vary widely between and within
species. The growth stage and part of the plant and management conditions have impact
on tannin concentration. Moreover, environmental factors may influence synthesis of
tannins (Hagerman, 1988; Roberts et al., 1993). Furthermore, several factors are known
to have significant effect on condensed tannin analysis. Such factors include initial
harvesting, drying and extraction method of the forage material. The variation within
species in condensed tannin concentration can be over at least a 4 to 6 fold range
depending on plant provenance (Schofield et al., 2001). Abdulrazak et al. (2000) reported
a very low TCT (total condensed tannin) values for A. brevispica, A. nilotica, A. seyal
and A. fortilis than the values obtained in the present study. However, the trend was
similar in both studies that A. brevispica had the lowest concentration followed by A.
nilotica, A. seyal and A. tortilis. Max et al. (2007) reported CT content of A. fortilis
(307.4 g/kg DM) in the wet season which is quite similar with value reported in this study
for same species in rainy season. The values reported by Larbi et al. (1998) for
multipurpose tree and shrubs are also in agreement with the present report. The variation

in CT content between seasons observed in this study is consistent with reports of Max et
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al. (2007) and Larbi et al. (1998). Contents of CT were higher in wet season than in dry

season although there are some inconsistencies.

Fibre in forages is considered as the major source of energy for ruminant animals
(Graham and Aman, 1991). The mean NDF value for the individual browse species
reported in this study is lower than the values reported by Larbi et al. (1998), Merkel et
al. (1999) and Gemedo (2004) except for G. tembensis. However there is similarity with
values reported by El hassan ef al. (2000), Abdulrazak et al. (2000), Yayneshet et al.
(2009) and Tefera et al. (2008). The NDF value reported by Tolera et al. (1997) for the
introduced multipurpose tree into Ethiopian highlands, Tagasaste (Chamaecytisus
Palmensis), favorably compares with present report. The ADF values in this study agree
with previous reports of Merkel et al. (1999) Abdulrazak et al. (2000), Yayneshet et al.
(2009) and Tefera et al, (2008). Higher NDF and ADF values were recorded for grasses
compared to the browse species in this study. Similar values have been reported by
Yaynshet et al. (2009). Coupled with low CP content particularly during the dry season,
such high fibre content may impair digestibility and voluntary intake by ruminants.

Digestibility of fibre is an important parameter of forage quality.

4.2. In vitro dry matter digestibility (IVDMD)

The IVDMD values recorded in this study are generally higher for browse species as
compared to grasses. This could be due to high CP and low fibre content in browse
species. This phenomenon is particularly important in the dry season. The values reported
by Yaynshet et al. (2009) for browse is consistent with the present study while the values
for grasses in the dry season are lower. The report of Woodward and Coppock (1995) on
browse and herbaceous species agrees with the present data although some
inconsistencies exist. When the overall IVDMD is considered browse species will be in
the decreasing order of: A. nilotica, Vernonia cinerascens, A. seyal, A. tortilis, G.
tembensis, B. aegyptiaca, R. natalensis, A. brevispica, Maracaa and G. bicolor. However,

this rank may not hold when the real situation in Borana area is taken into consideration.
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Fruits from A. tortilis and A. nilotica are highly appreciated and regarded as valuable
feeds by Borana pastoralist but the leaves of these trees including A. seyal are not on top
list. In semiarid areas like Borana lowlands where drought is frequent, feed availability
during such times is critical. Grewia tembensis and V. cinerascens are among top forages
(both from this data and pastoralists knowledge) but their abundance and availability
during dry periods may limit their contribution. On the other hand, R. natalensis which is
considered as less nutritious and has moderate digestibility value could provide large
proportion of forage consumed by goats and camels in the dry season. Woodward and
Coppock (1995) reported high selection by goats for this species during the dry season. It
is also one of the forages fed to kids during the dry season. Nutritive value is dependant
on voluntary feed intake by the animal and the efficiency by which the animal extracts
nutrients from the feed during digestion process (Mandal, 1997).Therefore, such results
from laboratory should be combined with animal experiments and indigenous knowledge

of pastoralists.

4.3. In sacco degradability study

The in sacco degradability was carried out for four browse and one grass species. The
large variation in ruminal degradation recorded for A. nilotica and B. aegyptiaca during
both seasons compared to other species could be attributed to their CP and  fibre
contents. The grass species which had very low soluble fraction and slow degradation
rate for the insoluble fraction scored the lowest value during both seasons. Dry matter
degradability value reported for A. nilotica by Abdulrazak et al. (2000) was extremely
low than in the present study. This difference could be due to low soluble fraction and
rate of degradation of the insoluble fraction and high fibre content recorded for this
specie in their study which could be also amount of twigs and fine stems included.
However, DM degradability reported for Acacia nubica in their study compares with that
of A. nilotica and B. agyptiaca in the present study. The high dry matter degradability of
A. nilotica and B. agyptiaca in the present study could be attributed to the high soluble

fraction, potential degradability and rate of degradation of the insoluble fraction. Rhus
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natalensis, on the other hand, with high potential degradability like A. nilotica and B.
aegyptiaca had low degradability due to its low degradation rate of the insoluble fraction
and prolonged lag phase. The dry matter degradability reported by Balogun ef al. (1998)
for Albizia lebbeck, A. richardiana and Combretum apiculatum are comparable to the
values reported for G. bicolor in the present study while Leucaena leucocephala had
similar dry matter degradation with that of R. natalensis. The high to medium dry matter
degradability of browse species in the present study suggests that they are of great value
as livestock feed in the dry environments of the country. On the other hand, Balogun et
al. (1998) reported very high dry matter degradability (81.6/83.2) for Panicum maximum
which contrasts with value for C. aucheri in our study. This may be attributed to genetic

differences, maturity level and proportion of leaf to stem and management conditions.

5. Conclusion

The browse species evaluated have good potential as livestock feed and particularly as
supplement for low quality roughages during the dry season. The grass species also
showed to have moderate potential based on their digestibility values. However, the
results need to be further confirmed in animal experiments whether the potential could be
translated into animal performance. The wide range of woody species available in the
region should be utilized to increase livestock production while undertaking some bush

control measures to maintain the balance between the woody and the herbaceous species.
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Table 1
Chemical composition and [IVDMD of some browse species in the Borana rangeland
during the hot dry and main rainy seasons

Species by season Chemical components (g/’kg DM)
DM ™"\sh  CcP Ccr NDF  ADF 1YDMD

(g/kg) (Coef.)
Hot dry Season
Acacia brevispica 937 65 172 83 483 257 0.808
A. nilotica 937 60 132 110 168 111 0.965
A. seyal 919 73 210 121 171 109 0.948
A. tortilis 917 66 144 182 219 160 0.908
Balanites aegyptiaca 937 108 137 1.18 346 249 0.843
Grewia bicolor 935 89 146 136 436 277 0.718
G. tembensis 922 95 160 79 574 243 0.919
Rhus natalensis 925 108 109 196 331 272 0.853
Main rainy Season
Acacia brevispica 938 61 196 105 318 191 0.818
A. nilotica 944 42 154 114 128 84 0.974
A. seyal 936 78 158 210 230 153 0914
A. tortilis 931 62 177 332 217 154 0.886
Balanites aegyptiaca 935 112 160 2 459 250 0.846
Grewia bicolor 935 78 155 110 517 288 0.676
G. tembensis 924 114 195 2 750 281 0.889
Rhus natalensis 943 77 134 253 460 312 0.825
Vernonia 939 84 144 3.36 462 251 0.933
cinerascens
Maracaal 935 86 136 5.42 444 347 0.736
SEM 0.2903 5.1432 7.6847  17.9565  37.0855 19.6891 0.0158
Species <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Season <0.0001  0.0938 0.0009 0.0072 0.0364 NS NS
Interaction <0.0001 <0.0001 0.008 0.0001 0.0006 0.0004 NS

'=Local name; DM = dry matter; CP = crude protein; CT = condensed tannins; NDF = neutral detergent
fibre; ADF = acid detergent fibre; IVDMD = in vitro DM digestibility; NS = not significant; Coef. =
Coefficient
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Table 2
Chemical composition and IVDMD of three grass species in the Borana rangelands
during the hot dry and main rainy seasons

Species by season DM Chemical component (g/kg DM) IVDM D
g’kg " Ash CP NDFE  ADF  (Coef)

Hot dry season

Cenchrus ciliaris 926 133 83 749 654 0.597
Chrysopogon aucheri 930 126 84 728 481 0.620
Pennisetum mezianum 927 108 80 732 405 0.577
Main rainy season

Cenchrus ciliaris 923 128 72 673 504 0.811
Chrysopogon aucheri 926 126 82 709 555 0.715
Pennisetum mezianum 911 120 57 705 573 0.698
SEM 0.2058 10.8730  3.0161 9.0126 35.3196 0.0202
Species 0.0070 NS 0.0004 NS 0.0678 0.0276
Season 0.0116 NS 0.0001 <0.0001 Ns <0.0001
Interaction NS NS 0.0057 0.0015 0.0005 0.0039

DM = dry matter; CP = crude protein; NDF = neutral detergent fibre; ADF = acid detergent fibre;
IVDMD = in vitro DM digestibility; NS = not significant; Coef. = coefficient
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Table 3

DM disappearance (DMD) from nylon bag after 48 h incubation and DM degradability
characteristics of some selected forage plants in Borana rangeland during hot dry and

main rainy seasons

Species by DMD AP B¢  A+B‘ c L' ED?® RSD"
season 48 h

Hot dry season

Acacia 0.810 0427 0416 0843 00737  0.592 0.665 1.6667
nilotica

Balanites 0.778 0413 0388  0.828 0089  2.238 0.641 1.5050
aegyptiaca

Grewia 0.567 0294 0404  0.696 0035  0.776 0.429 1.4257
bicolor

Rhus 0.597 0.332 0.484 0.816 0.0207 3.092 0.453 1.5045
natalensis

Chrysopogon 0417 0166 0385 0548 00273  0.169 0.309 8.4795
aucheri

Main rainy season

Acacia 0.837 0414 0454 0868 00789 0.6704  0.676 1.619
nilotica

Balanites 0.784 0434 0404 0842 00791  2.117 0.635 1.4788
aegyptiaca

Grewia 0529 0263 0464 0729 0024  2.198 0.389 1.766
bicolor

Rhus 0.591 0.335 0.540 0.871 0.017 5.067 0.441 1.762
natalensis

Chrysopogon 0512 0204 0421 0625 00390 09345  0.370 1.2484
aucheri

S E.M? 1.1029  0.5866  1.774  1.829  0.0055  0.549 0.841

Species <0001 <0001 <0001 <.0001 <.0001 <0001  <.0001
Interaction <.0001 <.0001 NS NS NS NS <.0001

NS= not significant

a Standard error of the means

b Washing loss

¢ Insoluble but fermentable fraction

d Potential degradability

e Rate of degradation of B (fraction/h)

f Lag phase (h)

g Effective degradability at an outflow rate of 0.05h™
h Residual standard deviation
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Abstract

An experiment was conducted to evaluate the effect of supplementation with Acacia
brevispica or A. seyal leaves with or without polyethylene glycol (PEG) addition on feed
intake, digestibility, nitrogen balance and body weight gain of yearling Borana goats fed
Rhodes grass (Chloris gayana) hay as basal diet. The hay was prepared from semi-
cultivated pasture while Acacia leaves were collected from Borana rangeland in southern
Ethiopia and air dried under shade. All animals were offered 600 g grass hay, 300 g
Acacia leaf and 100 g concentrate mixture both during growth and digestibility
experiments. Additionally feeding one of Acacia types and no or 7 g PEG led to four
treatment groups: hay + A. brevispica + concentrate + PEG (T1), or without PEG (T2),
hay + A. seyal + concentrate + PEG (T3) or without PEG (T4). Addition of PEG did not
affect feed intake, nitrogen (N) intake, N excreted, N retained and average daily gain.
However, CP digestibility, rumen ammonia-N concentration and urinary N excretion
were higher (P<0.05) for goats receiving PEG. The type of Acacia leaves supplemented
significantly affected DM and OM intake, rumen ammonia-N concentration as well as
route of N excretion. Goats supplemented with A. seyal had higher (P<0.05) intakes of
DM and OM compared to A. brevispica supplemented goats. Urinary N excretion was
also significantly higher (P<0.05) in goats supplemented with A. brevispica while A.
seyal supplemented goats lost more N in faeces. Nitrogen retention and average daily
gain were higher (P<0.05) for A. seyal supplemented goats. The results of the experiment
show that PEG had little effect in improving the performance of goats supplemented with
tanniniferous foliage. Acacia seyal was found to be superior to A. brevispica in terms of

feed intake, nitrogen retention and average daily gain.



1. Introduction

The dry areas in African and Middle Eastern countries are not suitable for crop
production but can be used for extensive livestock production (Degen et al., 2010). Goats
are well adapted to arid and semiarid environments and utilize a wide range of vegetation
available in such areas. The arid and semiarid areas are characterized by long dry period,
erratic rainfall and drastic changes in availability of resources (Silanikove, 2000). Most
of the world’s goat population is found in these areas. In Ethiopia, more than half of the
goat population is located in the arid and semiarid agroecological zones under pastoral
and agropastoral production systems. They are kept mainly for meat and milk production
as well as to generate cash income for immediate use. The Borana rangeland in southern
Ethiopia is among the major suppliers of goats for export as live goats and goat meat and

also supplies domestic markets.

Coppock (1994) noted an increasing trend in population of goats, sheep and camels in
Borana rangeland primarily due to expansion of woody vegetation in the area at the
expense of grasses. Most shrubs and trees have ability to tolerate drought (Woodward and
Reed, 1989) and can maintain their green leaves long into the dry season while grasses
become poor in nutritive quality faster and less abundant (Tolera et al., 1997). The
foliages of shrubs and trees are important as sources of nitrogen to enhance the nutritive
value of low quality feeds such as mature grasses and crop residues (Tolera et al., 1997;
Woodward and Reed, 1997). On the other hand, the foliages of most shrub and tree
species contain tannins and other phenolic compounds which are known to reduce their
feeding value. Tannins have multiple phenolic hydroxyl groups in their structure which
enable them to form complexes mainly with proteins and to some extent with metal ions,
polysaccharides and amino acids (Makkar, 2003). As a result, the use of many browse
species as supplement to low quality roughages based diets may have limited impact on
increasing the productivity of animals (Makkar et al., 1995). High tannins concentration
in foliages reduce palatability (Goel et al., 2005), decreases voluntary feed intake,
nutrient digestibility and nitrogen retention (Kumar and Vaithiyanathan, 1990; Silanikove

et al.,, 1996a; Goel et al., 2005). However, several previous works showed that the



negative effect of tannins could be neutralized by addition of polyethylene glycol (PEG)
into diets of goats and sheep consisting browse leaves. In earlier studies conducted in
vivo and in vitro (Jones and Mangan, 1977) and (Kumar and Vaithiyanathan, 1990),
respectively reported an increase in the digestibility of tanniniferous feeds by addition of
polyethylene glycol (PEG). There are reports suggesting use of PEG to treat tannin rich
foliages to improve their nutritive values and animal productivity (e.g., Pritchard et al.,
1992; Ben Salem et al., 1999; Gilboa et al., 2000; Bhatta et al., 2002). With this
background the present study was conducted to investigate the feed intake, digestibility,
nitrogen metabolism and growth performance of growing goats fed Rhodes grass
(Chloris gayana) hay supplemented with Acacia brevispica or A. seyal leaves with or

without PEG addition.

2. Materials and methods

2.1. Experimental animals and management

Thirty two yearling male Borana goats were used in the growth study (8 goats per
treatment) and 16 out of the 32 were used in the subsequent digestibility trial (4 goats per
treatment). The animals were purchased from the Borana pastoral area about 300 km
south of Hawassa, where the experiment was conducted on station in the University farm.
The mean initial weight of the animals was 15.1+1.47 kg. Goats were housed in
individual pens equipped with feeding trough and watering bucket. They were vaccinated
against sheep pox, anthrax and contagious caprine pleuro-pneumonia (CCPP) and treated
against internal and external parasites. The animals were accustomed to experimental

feed and facilities for two months before start of the experiment.



2.2. Experimental feeds

Rhodes grass (Chloris gayana) hay was used as a basal feed while two Acacia species
(Acacia brevispica and Acacia seyal) and a concentrate mixture were used as
supplements. The leaves of the two Acacia species were collected by hand plucking from
Borana rangeland. The collected leaves were air dried under shade and stored in
perforated bags in barn until transported to Hawassa. To ensure uniformity, leaves were
mixed thoroughly before use. The Rhodes grass used for making hay was grown in
Hawassa University campus, harvested and dried in the field for few days, chopped and
stored in sacks in barn. Cutting of the grass for hay was delayed due to prolonged heavy
rains experienced in the area. The concentrate mixture was prepared from 48% wheat
bran, 24% maize, 25% noug (Guizotia abyssinica) cake, 1% common salt and 2% bole

(locally produced mineral soil used as a mineral supplement).

2.2. Growth experiment

Each animal was offered 600 g hay, 300 g Acacia leaves (A. brevispica for treatments 1
and 2 and A. seyal for treatments 3 and 4) and 100 g concentrate mixture. In addition,
animals in treatments 1 and 3 were given 7 g PEG per animal per day. Animals were
offered the morning feed at 8:00 h after refusals from the previous day were collected
while the second portion of the feed was offered at 13:00 h in the afternoon. The feeds
were offered in the following sequence both during the morning and afternoon feedings:
concentrate with or without PEG, Acacia leaves, and hay. Clean water was made
available at all times. Body weight measurements were recorded fortnightly throughout

the study period.



2.3. Digestibility experiment

Digestibility trial was carried out for seven days using 16 goats previously used in the
growth experiment with four animals in each treatment. The feeds, amount and feeding
management were similar to the growth study. Animals were kept in individual metabolic
cages equiped with feeding trough and water bucket. The cages were convenient for
collection of faeces and urine separately. Faeces were collected into faeces collection
bags attached to each animal and every morning the faeces was emptied from the bags,
weighed and 10% of total daily output was kept in deep freezer. A sample of faeces was
also taken and oven dried at 105°C for the purpose of determining DM content on daily
basis. Urine was collected into glass bottles containing 100 ml of 10% HCI and every
morning daily output was measured and 10% sample taken and stored in deep freezer.
After the collection period, faecal and urine samples were pooled for each animal and
sub-samples taken for chemical analysis. A portion of faecal samples was dried at 65°C
for 48 h for chemical analysis other than nitrogen. Faecal samples were ground to pass

through 1 mm sieve size and kept in air-tight containers pending chemical analysis.

2.4. Chemical analysis

Dry matter content of feed, refusals and faeces were determined by oven drying the
samples at 105°C for 12 h. Total ash was determined by igniting samples in a muffle
furnace at 550°C for 5 h. Total nitrogen from feed, faeces and urine were analyzed by
Kjeldahl method (AOAC, 1990). The crude protein content (CP) was calculated as N x
6.25. The frozen faeces samples, after thawing, were used for determination of nitrogen
content. Neutral detergent fibre (NDF) and acid detergent fibre (ADF) were determined
according to Van Soest and Robertson (1985). Extractions were carried out by ANKOM
220 fibre analyzer (ANKOM Technology 05/03, Macedon, NY, USA) using F57 filter
bags. Condensed tannin (CT) in the two Acacia species was analyzed according to
Maxson and Rooney (1972). Ammonia nitrogen in rumen fluid was determined using a

Kjeltic System Distilling Unit.



2.5. Statistical analysis

The general linear model (GLM) procedure of Statistical Analysis System (SAS 2003,
version 9.1) was used to analyze mean feed intake, digestibility, ammonia nitrogen
concentration, N retention and average daily body weight gain. The model included
Acacia type, PEG and their interaction while initial body weight of the goats was used as
covariate in the model. Duncan’s multiple range test was used when there was significant

difference between means.

3. Results

3.1. Chemical composition of experimental feeds

The chemical composition of feeds used in the experiment is presented in Table 1. The
Rhodes grass hay was very low in CP but high in NDF and ADF contents. On the
contrary, the Acacia leaves had high CP content but low NDF and ADF contents. The
concentrate mixture had an intermediate CP and NDF contents compared to the grass hay
and Acacia leaves. Acacia seyal had higher concentration of condensed tannins (CT)

(142.8 g/kg DM) compared to A. brevispica (64.3 g/lkg DM).

3.2. Feed intake

Addition of PEG to the diet of goats supplemented either with A. brevispica or A. seyal
did not have significant (p>0.05) effect on DM, OM, CP or NDF intakes. On the other
hand, significantly higher (P<0.05) DM and OM intakes were observed in goats
supplemented with A. seyal leaves irrespective of PEG addition. However, Acacia type

did not affect CP and NDF intakes significantly (Table 2).



3.3. Digestibility

Table 3 presents digestibility of DM, OM, CP and NDF. The digestibility of DM, OM,
and NDF were not affected either by addition of PEG or by Acacia type supplemented.
Digestibility of CP was higher (P<0.05) in goats supplemented with A. brevispica leaves
than those supplemented with A. seyal leaves and it was higher (P<0.05) in diets to which
PEG was added than diets without PEG. Addition of PEG increased CP digestibility from
0.60 to 0.66 while the digestibility of CP in A. brevispica leaves supplemented goats was
higher (0.70) than those supplemented with A. seyal (0.56) leaves.

3.4. Rumen ammonia nitrogen concentration

Addition of PEG to the diet resulted in higher (P=0.05) NH3-N concentration compared
to diet without PEG (Table 4). Also Ammonia nitrogen (NH;3-N) concentration was
higher (P<0.05) in A. brevispica supplemented goats than A. seyal supplemented goats
(162.2 vs. 121.54 mg/L). The interaction between Acacia type and PEG was not
significant. Figure 1 shows rumen NH3-N concentration at different times of rumen fluid
sampling where morning feeding was taken as a reference point. Ammonia nitrogen
concentration increased from O h to 4 h after morning feeding and thereafter declined

progressively through 8 h to 12 h after morning feeding.

3.5. Nitrogen balance

Table 5 shows nitrogen balance of goats fed a basal diet of grass hay and supplemented
with A. brevispica or A. seyal leaves with or without PEG. Nitrogen intake, total nitrogen
excreted and nitrogen retained were unaffected by addition of PEG to the diet. However,
the nitrogen retention tended to be higher (P=0.056) for goats which did not receive PEG
(3.2 g/day) as compared to those which were given PEG (1.6 g/day). Addition of PEG to

the diet increased excretion of nitrogen in the urine while decreasing its excretion in the



faeces. Nitrogen excretion in the faeces was higher (P<0.05) in goats supplemented with
A. seyal leaves whereas goats supplemented with A. brevispica leaves excreted more
nitrogen in the urine. Nitrogen retention was higher (P<0.05) in goats supplemented with

A. seyal leaves than those supplemented with A. brevispica leaves (3.3 vs. 1.5 g/day).

3.6. Body weight change

Table 6 shows average daily body weight gain of goats fed a basal diet of grass hay and
supplemented with A. brevispica or A. seyal with or without PEG. Body weight gain of
goats was unaffected by addition of PEG to the diets. However, the type of Acacia
supplement had significant effect (P<0.05) on daily body weight gain of the goats with
higher value recorded for A. seyal supplemented goats compared to goats supplemented

with A. brevispica.

4. Discussion

4.1. Chemical composition of experimental feeds

The low CP and higher fibre contents in the hay was due to the advanced stage of
maturity of the grass at harvesting time. The CP content of the hay was similar to that of
tef (Eragrostis tef) straw (tef is a staple cereal crop in Ethiopian highlands) reported by
Reed et al. (1990), Woodward and Reed (1995) and Solomon et al. (2004). The grass was
harvested at late maturity stage. It could not be harvested at earlier stage of maturity
because of rainy weather prevailing in the area at the time the grass was supposed to be
harvested. The CP content of the hay was below the minimum amount (7% CP) required
for optimum function of rumen microorganisms. However, browse species such as
Acacia are good sources of CP and certain minerals that are relatively low in grasses and
herbaceous species. The CP content of A. brevispica and A. seyal in this study was

similar to findings of Woodward and Reed (1995) and Reed et al. (1990), respectively



and Abdulrazak et al. (2000) for both species. Moreover, the low fibre content of the
Acacia species used in this experiment confirms their supplementary value to low quality
roughages. On the other hand, presence of condensed tannins in browse species limits
their contribution by reducing intake and digestibility of the feeds. The report of
Abdulrazak et al. (2000) for CT concentration for the two Acacia species was far lower
than our results. Such differences could be due to differences in method of extraction,
stage of maturity of the leaves and climatic condition at time of sampling (Hagerman,
1988; Roberts et al., 1993). The concentrate mixture was used mainly as a means of
providing PEG for treatment groups to which PEG was added, although all animals
received same amount and benefited from relatively high CP and low fibre content of the

concentrate mixture.

4.2. Feed intake

The lack of effect on DM and nutrient intake due to PEG addition in the diets of goats in
the present study is in contrast to previous works reported by Prichard et al. (1992),
Silanikove et al. (1996a), Moujahed et al. (2000) and Bhatta et al. (2005). However, it is
in agreement with the works reported by Decandia et al. (2000) and Debela (2008). In
their work, Decandia et al. (2000) reported no significant difference in lentisk (Pistacia
lentiscus L.) and total diet intake between goats supplemented with 0, 25 and 50 g
PEG/day/head. They argued that the allowance of metabolisable energy was higher than
their requirement and that could explain why goats supplemented with PEG were not
aimed at increasing their total intake of DM. However, they observed that goats with
PEG supplement tended to consume forages with higher CT compared to those without
PEG. In our study the goats used in the experiment were purchased from Borana
rangeland area where they were free to forage various browse species of varying tannin
contents. The Acacia leaves used as supplement were also collected from same area
although the experiment was conducted in a different locality and setting. This could
partly explain that these animals were familiar with tanniniferous diets and capable of

utilizing tanniniferous foliages even in the absence of PEG. The report of Odenyo et al.
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(1999) indicated that indigenous African ruminants might harbour more tannin-
tolerant/tannin-degrading microorganisms compared to animals from different feeding
strategies. Indigenous Ethiopian goats were among animals used in their study and the
rumen fluid collected from the goats produced substantial amount of gas when used to
incubate various feeds next to Gunther’s dik-dik. On the other hand, a significant
difference was observed for DM and OM intake between the Acacia types used as
supplements. Despite the relatively low CP and higher CT concentration in A. seyal, it
resulted in higher intake values. This reveals that nutritive value of forage may not be

predicted by gross chemical composition alone (Reed et al., 1990).

4.3. Digestibility

The positive effect of PEG on CP digestibility in the present work is consistent with the
work of Decandia et al. (2000) where goats supplemented with 25 and 50 g PEG per day
had higher CP digestibility compared to those without PEG. According to Decandia et al.
(2000), the increase in CP digestibility was 90 and 30 % for indoor and outdoor
experiments, respectively. But the increase is far lower in the present work (0.60 to
0.66). The positive effect on CP digestibility due to addition of PEG in diets of goats is of
greater importance than increased intakes. The lack of difference in DM, OM, and fibre
digestibility in the presence of PEG observed in this study is contrary to the results of
earlier studies reported by Silanikove et al. (1996a) and Moujahed et al. (2000). The
higher CP digestibility of A. brevispica is consistent with its relatively higher CP content

and low CT concentration compared to A. seyal.

4.4. Ammonia-N concentration
The mean NH3-N concentration obtained in the present work is similar but slightly higher

than previous works by Perez-Moldanado and Norton (1996) for Desmodium and

Calliandra supplemented animals and by Tolera and Sundstgl (2000) for Desmodium
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intortum hay supplemented sheep. The values reported by Solomon et al. (2004) for
Sesbania sesban (accession 1198 and 15019) and Acacia angustissima foliage
supplemented animals favorably compares with this study but that of Leucaena pallida
was far lower. Nevertheless the NH3-N concentration in Acacia leaf supplemented goats
in the current study was well above the minimum level (50 mg/L) required to ensure
microbial growth and protein synthesis. The higher value observed for A. brevispica
could be due to the low concentration of condensed tannins available to complex protein
coupled with relatively high CP content compared to A. seyal. Even in the presence of
PEG, the improvement in NH3-N concentration in A. seyal was minimal and suggests that
the type and amount of CT might be important aspects in deactivation process as a result
of PEG-tannin complex formation. However, it is noteworthy that presence of PEG
increased NH3-N concentration in both Acacia species and that even adapted rumen

microbes may not be able to fully deactivate the tannins in the diets.

The trend in the concentration of rumen NH3-N at different sampling times in the present
study agrees with the results reported by Solomon et al. (2004) for Sesbania sesban 1198,
Sesbania sesban 1198 + Leucaena pallida 14203, Sesbania sesban 15019 + Leucaena
pallida 14203, Sesbania sesban 1198 + A. angustissima 15132, Sesbania sesban 15019 +
A. angustissima 15132 and wheat bran supplemented lambs fed tef straw as a basal diet.
Such high NH3-N concentration shortly after feeding and decline in the subsequent
sampling times indicates inadequate energy availability during early hours for the rumen
microorganisms to utilize the released NH3-N. The high fibre content of the basal feeds
requires more time for chewing and production of volatile fatty acids could be low at the
early stage. Moreover, the presence of condensed tannins may affect negatively activity

of some fibre degrading bacteria (Waghorn, 2008).

4.5. Nitrogen retention

Addition of PEG to the diets did not affect nitrogen intake and total nitrogen excreted but

significantly affected the route of excretion. The high proportion faecal nitrogen loss in

12



goats without PEG indicates that tannin-protein complexes formed in the rumen were not
fully hydrolyzed in the lower tract and thus lost in the faeces. Whether the complex
between protein and tannin dissociates or remains is determined by affinity of tannin for
protein and other macromolecules (Makkar, 2003). On the other hand, low proportion of
nitrogen lost in faeces of goats that received PEG could be as a result of complex
formation between tannin and PEG making nitrogen available for rumen microbes and
lower tract digestion and absorption. The opposite was observed when urinary nitrogen
excretion is considered. Animals supplemented with PEG had higher nitrogen loss in
urine. This could be explained by higher ammonia concentration in the rumen (Moujahed
et al., 2005). Contrary to our results Decandia et al. (2000) did not find significant
difference in urinary nitrogen excretion between goats that received 0, 25 and 50 g PEG
daily. But goats with 50 g PEG had highest excreted nitrogen in urine followed by those
receiving 25 g indicating the effect of PEG in the route of nitrogen excretion. Similarly
Debela (2008) did not find significant differences in amount of nitrogen excreted in

faeces and urine between goats with and without PEG.

Nitrogen retention did not differ significantly between PEG supplemented and un-
supplemented animals although a relatively higher value was recorded for goats without
PEG. This is not consistent with increased CP digestibility and NH3-N concentration
observed in goats supplemented with PEG. The benefits obtained by increased CP
digestibility and NH3-N concentration were not translated into tissue but rather excreted
as a waste. The nutrients made available as result of addition of tannin deactivating
compounds could be wasted without being utilized efficiently for microbial protein
synthesis as a result of lag in energy released (Makkar, 2003). It is recommended that
provision of supplement at appropriate time could enhance synthesis of microbial protein
in such circumstances (Getachew et al., 2001). In agreement with present work Decandia
et al. (2000) and Debela (2008) reported no significant difference in nitrogen retention
between goats that received PEG or no PEG in their diet. Decandia et al. (2000) found
relatively low nitrogen figures retained in goats receiving 50 g PEG than those given 25 g
although the difference was not significant. In contrast to our results, Moujahed et al.

(2000) reported significantly higher nitrogen retention in sheep fed Acacia cyanophylla
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foliage-based diet and given feed block containing PEG. This could probably be due to
the fact that sheep are less adapted to browsing tanniniferous foliages and thus addition of
PEG to the diet might have reduced the negative effect of tannin on digestion and

absorption of protein.

The two Acacia species used as a supplement affected route of nitrogen excretion
differently probably due to differences in the concentration and structure of condensed
tannins present. A. seyal resulted in higher nitrogen retention despite high condensed
tannin content. This indicates that tannins from different plants may have different
detrimental effects on herbivores. Hagerman et al. (1992) have showed that structure and

molecular weights of tannins are important in determining their biological activity.

4.6. Body weight change

Addition of PEG did not have significant effects on average daily gain of the
experimental goats. All goats gained weight irrespective of presence or absence of PEG
in the diet. Similar to our results, Bhatta et al. (2002), Bhatta et al. (2005) and Debela
(2008) did not find differences in body weight gain between PEG supplemented and
unsupplemented goats. However, the average daily gain reported by Debela (2008) was
lower than the result obtained in this study whereas Bhatta et al. (2005) reported almost
twice our results. On the other hand, a higher average daily gain was reported by Gilboa
et al. (2000) in Mamber goats at mid-pregnancy and heavier birth weights and higher
daily gain of kids born to PEG supplemented does compared to controls. Similarly
Bhatta et al. (2004) reported higher weight gain when kids were given PEG compared to
the controls and their performance was similar to kids given high protein diet. Results
obtained with lambs are dramatic as sheep are generally known to be less adapted to
browses than goats. Priolo et al. (2000) reported a threefold increase in weight gain in
lambs supplemented with PEG compared to unsupplemented ones fed carob (Ceratonia
siliqua) pulp while Ben Salem et al. (1999) observed 39 percent increase in daily gain of

growing sheep fed PEG-treated Acacia cyanophylla Lind. leaves. Such contrasting results
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could be attributed to the difference in species (sheep vs. goats), breeds of goats, type and
handling of tanniniferous feeds used in the different studies and environmental factors

under which the experiments were conducted.

When the effect of Acacia type is considered A. seyal resulted in significantly higher
daily gain than A. brevispica. This is consistent with higher nitrogen retained in A. seyal
supplemented goats despite similar amounts of nitrogen ingested by the two groups. This
seems unlikely when the chemical composition of the two species is taken into account.
Based on a survey in the southern rangelands, Tolera and Abebe (2007) reported that A.
brevispica is highly palatable and good for milk and butter production when consumed
by lactating goats. However, they did not report whether the same holds true for growing

animals.

5. Conclusion

The study revealed that addition of PEG did not have effect on daily body weight gain of
goats although positive effects were seen in CP digestibility and NH3-N concentration. It
also showed the superiority of A. seyal over A. brevispica leaf supplements in terms of
nitrogen retention and daily body weight gain. Further research in the range condition

has to be conducted to support the present findings.
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Table 1
Chemical composition of feeds used in the experiment

Chemical component Hay Acacia Acacia seyal ~ Concentrate

brevispica leaves mixture
leaves

DM (g/kg) 917.0 928.5 920.3 866.8

(g/kg DM)

Ash 117.3 80.3 100.5 105.0

Organic matter 882.7 919.8 900.0 895.1

Crude protein 37.5 221.2 201.8 172.5

Neutral detergent fibre 726.4 322.1 244.1 404.4

Acid detergent fibre 419.0 204.5 162.9 184.7

Condensed tannins nd* 64.3 142.8 nd*

* = not determined
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Table 2
Feed intake of goats fed a basal diet of grass hay supplemented with Acacia brevispica or
Acacia seyal leaves with or without polyethylene glycol (PEG) addition

Variable Acacia leaf Presence or absence of
supplement (PEG)
With PEG  Without PEG ~ Mean S.E.
Total DM intake Acacia brevispica 506.0 510.0 508.0° 16.2
(g per head per day)  Acacia seyal 537.0 575.0 556.0° 16.1
Mean 521.5 542.2
S.E. 16.4 15.8
Total DM intake Acacia brevispica 62.0 63.0 62.5" 1.7
(g/kg WO per day)  Acacia seyal 65.0 68.0 66.6" 1.7
Mean 63.5 65.5
S.E. 1.7 1.6
Total DM intake Acacia brevispica 3.1 3.1 3.1° 0.08
(% of body weight) Acacia seyal 3.2 34 3.3" 0.08
Mean 3.1 3.3
S.E. 0.05 0.05
OM intake Acacia brevispica 443.0 449.0 446.0° 14.7
(g per head per day)  Acacia seyal 467.0 502.0 484.5" 14.6
Mean 455.0 475.5
S.E. 14.9 14.3
CP intake Acacia brevispica 78.0 78.0 78.0 2.7
(g per head per day)  Acacia seyal 78.0 84.0 81.0 2.7
Mean 78.0 81.0
S.E. 2.8 2.7
NDF intake Acacia brevispica 226.0 235.0 230.5 10.0
(g per head per day)  Acacia seyal 243.0 249.0 246.0 10.0
Mean 234.5 242.0
S.E. 10.2 9.8

Means with different letters within a row or column are significantly different (P<0.05).
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Table 3

Dry matter and nutrient digestibility in goats fed a basal diet of grass hay and
supplemented with Acacia brevispica or Acacia seyal leaves with or without
polyethylene glycol (PEG) addition

Variable Acacia leaf Presence or absence of

supplement Polyethylene glycol (PEG)
With PEG Without PEG  Mean S.E.

DM digestibility Acacia brevispica 0.48 0.50 0.49 0.026
Acacia seyal 0.45 0.51 0.48 0.026
Mean 0.46 0.50
S.E. 0.025 0.025

OM digestibility Acacia brevispica 0.50 0.54 0.52 0.023
Acacia seyal 0.52 0.58 0.55 0.023
Mean 0.51 0.56
S.E. 0.022 0.022

CP digestibility Acacia brevispica 0.72 0.68 0.70° 0.017
Acacia seyal 0.60 0.52 0.56" 0.017
Mean 0.66° 0.60°
S.E. 0.016 0.016

NDF digestibility  Acacia brevispica 0.32 0.40 0.36 0.039
Acacia seyal 0.28 0.37 0.32 0.039
Mean 0.30 0.38
S.E. 0.038 0.038

Means with different letters within a row or column are significantly different (P<0.05).
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Table 4

Effect of PEG on ammonia-N concentration (mg/L) in rumen fluid of goats fed a basal
diet of grass hay and supplemented with Acacia brevispica or Acacia seyal leaves with or
without polyethylene glycol (PEG) addition

Variable Acacia leaf Presence or absence of
supplement Polyethylene glycol (PEG)
With PEG Without PEG ~ Mean S.E.
Ammonia-N  Acacia brevispica 173.3 152.5 162.9° 7.34
Acacia seyal 133.4 109.7 121.5° 734
Mean 153.4* 131.1°
S.E. 7.34 7.34

Means with different letters within a row or column are significantly different (P<0.05).
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Table 5

Nitrogen balance (g/day) in goats fed a basal diet of grass hay and supplemented with
Acacia brevispica or Acacia seyal leaves with or without polyethylene glycol (PEG)
addition

Variable Acacia leaf supplement  Presence or absence of PEG
With PEG  Without PEG  Mean S.E.
N intake Acacia brevispica 11.2 10.4 10.8 0.61
Acacia seyal 11.3 12.2 11.8 0.61
Mean 11.3 11.3
S.E. 0.60 0.60
N excreted Acacia brevispica 3.2 34 3.3 0.25
in faeces Acacia seyal 4.3 5.7 5.0° 0.25
Mean 3.8" 4.5°
S.E. 0.24 0.24
N excreted Acacia brevispica 7.8 4.2 6.0" 0.63
in urine Acacia seyal 4.1 2.9 3.5 0.63
Mean 5.9° 3.6”
S.E. 0.62 0.62
Total N Acacia brevispica 11.0 7.6 9.3 0.78
excreted Acacia seyal 8.3 8.6 8.5 0.78
Mean 9.7 8.2
S.E. 0.77 0.77
N retained Acacia brevispica 0.16 2.7 1.5° 0.55
Acacia seyal 3.0 3.7 3.3" 0.55
Mean 1.6 3.2°
S.E. 0.54 0.54

Means with different letters within a row or column are significantly different (P<0.05).
* There was tendency of significance (P=0.06).
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Table 6

Body weight gain (g per head per day) of goats fed a basal diet of grass hay and
supplemented with Acacia brevispica or Acacia seyal with or without polyethylene
glycol (PEG) addition

Presence or absence of PEG
With PEG Without PEG Mean S.E.

Acacia leaf supplement

Acacia brevispica 25.5 24.9 25.2° 4.13
Acacia seyal 43.5 52.3 47.9 4.09
Mean 34.6 38.6
S.E. 4.18 3.93

Means with different letters within a row or column are significantly different (P<0.05).
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Abstract

This study evaluated the potential of Balanites aegyptiaca leaves in replacing concentrate
supplement in barley straw based diet using 20 Arsi-Bale yearling goats. The treatments
were: Barley straw + 240 g concentrate mixture (T1), Barley straw + 180 g concentrate
mixture +60 g B. aegyptiaca leaves (T2), Barley straw + 120 g concentrate mixture +120
g B. aegyptiaca leaves (T3), barley straw + 60 g concentrate mixture +180 g B.
aegyptiaca leaves (T4) and Barley straw + 240 g B. aegyptiaca leaves (T5). There were
no significant differences (P>0.05) in dry matter (DM) intake among the treatments.
However, the DM intake tended to be higher (P<0.06) in T2, T3 and T4 than in T1 and
TS5. The crude protein (CP) intake was highest (P<0.001) in T1 (56 g/day) and lowest
(42.5 g/day) in TS5 and showed a decrease with increasing amount of B. aegyptiaca leaves
in the diet. Significant (P<0.05) differences were noticed in organic matter (OM), neutral
detergent fibre (NDF) and acid detergent fibre (ADF) intakes as well. These were either
influenced by DM intake or the proportion of the two supplements. Digestibilities of
DM, OM and CP were significantly higher (P<0.05) in T1 than in T4 and T5. The NDF
digestibility also showed a decreasing trend with increasing proportion of B. aegyptiaca
leaves in the diet although the differences were not significant. There were no significant
differences in nitrogen balance of the animals although there were differences in nitrogen
intake and digestibility. Further, no significant differences were recorded for excretion of
purine derivatives and microbial nitrogen supply. All animals gained live weight with
significant differences (P<0.001) between the treatments. The highest daily gain (28.7 g)
was recorded for T2 which was similar to T1 but different from all others. Animals in T1,
T3 and T4 had similar daily gain but different from T5. The sole B. aegyptiaca leaves
supplemented animals (T5) had the lowest daily gain (11.3 g) compared to others.
However, because of its contribution towards positive gain, B. aegyptiaca could be

regarded as potential forage and can be used as a supplement to cereal straw based diets.



1. Introduction

Inadequacy and seasonal variation in the quantity and quality of feed supplies are the
main constraints facing livestock development in most tropical countries. Cereal crop
residues and poor quality natural pastures are used as basal feeds for a large number of
ruminants especially during the dry season. In the medium and high altitude areas of
Ethiopia, where smallholder mixed crop livestock production is the main production
system, various cereal and pulse crops are produced. Large quantities of crop residues are
produced as by-products of the different cereal and pulse crops. These crop residues can
be used for different purposes but their use as livestock feed is by far the most important.
According to Zinash and Seyoum (1991) 70 percent of the crop residues are used for
livestock in the highland areas. However, when they are fed alone, fibrous crop residues
cannot sustain effective animal production, and most unsupplemented and untreated crop
residues cannot even maintain an animal because of their low nutrient content, low

digestibility and limited intake (Mosi and Butterworth, 1985; Owen, 1985).

Thus appropriate supplementation is one way of improving the utilization of such crop
residues in smallholder mixed farming systems of the tropics and sub-tropics.
Concentrate supplements are costly and in short supply in most developing countries.
Thus the supplementation strategy would be more viable if it could be based on locally
available feed resources such as forage legumes, tree leaves and pods from leguminous
trees. In the semiarid Rift Valley areas of southern Ethiopia, Acacia pods and leaves from
various trees are used as supplementary feedstuffs for ruminants, especially small
ruminants. Thus the objective of this study was to assess the potential of Balanites
aegyptiaca leaves in replacing concentrates in the diet of goats fed a basal diet of barley

straw.



2. Materials and methods

2.1. Experimental animals and management

Twenty male Arsi-Bale goats with average initial weight of 14.28 £ 1.32 kg were
purchased from Bulbula market, about 90 km north of Hawassa. The animals were
transported to Hawassa where the experiment was conducted. Animals were sprayed
against external parasites and treated against internal parasites during the adaptation
period which lasted for a month. Animals were kept in individual pens provided with
feed troughs and watering buckets. Clean water and mineral lick were supplied free

choice throughout the experimental period.

2.2. Experimental feeds and treatments

The leaves of B. aegyptiaca used in the experiment were collected from Hawassa,
particularly near Lake Hawassa and from the compound of the College of Agriculture of
Hawassa University. The leaves were collected by hand plucking and air dried under
shade. The barley straw was purchased from Kofale and Qore districts West Arsi Zone,
Oromia Regional State and transported to Hawassa. The straw was chopped and mixed
thoroughly to obtain uniform material. The concentrate mixture was prepared from equal

proportions of wheat bran and linseed cake.

2.3. Growth experiment

During the growth experiment, which lasted for 84 days, animals were allocated to the
five treatments with four animals in each treatment. The treatments included
supplementing goats fed barley straw with concentrate mixture only (treatment 1), and
replacing 25, 50, 75 and 100% of the concentrate mixture with B. aegyptiaca leaves in
treatments 2, 3, 4, and 5, respectively. The concentrate and B. aegyptiaca leaves were
provided separately at 8:00 and 15:00 while barley straw was offered free choice for ad

libitum intake. The treatment combinations were as follows:



Barley straw ad lib + 240 g concentrate mixture (T1)
Barley straw ad lib + 180 g concentrate mixture +60 g B. aegyptiaca leaves (T2)
Barley straw ad lib + 120 g concentrate mixture +120 g B. aegyptiaca leaves (T3)

Barley straw ad lib + 60 g concentrate mixture +180 g B. aegyptiaca leaves (T4)

A S

Barley straw ad lib + 240 g B. aegyptiaca leaves (T5)

2.4. Digestibility experiment

Digestibility trial was conducted following the growth study using 15 of the goats after a
few days rest period. During this rest period animals were allowed to familiarize with the
metabolism crates and faeces and urine collection harnesses. This was followed by a
collection period of seven days. Accumulated faeces during previous 24 h were collected
everyday before morning feeding, weighed and recorded while a subsample of 10% was
taken and kept in a freezer. A separate sample was dried at 105°C for 12 h for
determination of dry matter (DM). At the end of the collection period faecal samples for
each animal were pooled over the seven days and a portion was dried at 65°C for 48 h
and then ground to pass through 1 mm sieve size for chemical analysis while fresh faecal
samples were kept in freezer for nitrogen (N) analysis. Ground samples were kept in air-
tight sample bottles until used for analysis. Urine was collected into glass bottles of 2.5 L
capacity containing 100 ml (10%) HCI by a funnel attached to the genitalia of the
animals. The total amount of urine voided was collected and measured daily at same time
of faeces collection, diluted to 2 L and 10% subsample was taken and stored in a freezer

(-20°C) for analysis of N and purine derivatives.

2.5. Chemical analysis

Dry matter content of feed, refusals and faeces were determined by oven drying the
samples at 105°C for 12 h. Total ash was determined by igniting samples in a muffle
furnace at 600°C for 6 h. Total nitrogen from feed, facces and urine were analyzed by
Kjeldahl method and crude protein (CP) was calculated as N x 6.25. The frozen faeces

samples, after thawing, were used for determination of nitrogen content. Neutral



detergent fibre (NDF), acid detergent fibre (ADF) and acid detergent lignin (ADL) were
determined according to Van Soest and Robertson (1985). Condensed tannin (CT) and
soluble tannins (ST) were analyzed according to Porter et al. (1986). Allantoin was
determined by a colorimetric method following the method of Chen and Gomez (1995)
while uric acid and xanthine plus hypoxanthine were analysed according to Chen et al.
(1990b). The amounts of microbial purine derivatives (PD) and absorbed purine
derivatives (PDa) corresponding to the PD excreted (PDe) in mmol per day was
calculated based on Chen et al. (1990a) using the model: PDe= 0.84 PDa + (0.15W 075 ¢ -
025PD2) " The constant 0.84 represents the recovery of absorbed purines as purine
derivatives in urine and the components in the parentheses of the formula account for the
contribution of endogenous purines. The contribution of endogenous purines decrease as
that of exogenous purines becomes available for the animal (Chen et al., 1992). The
amount of microbial N (MN) supplied was calculated as: MN (g/day) = (PDa x 70)-(0.83
x 0.116 x 1000) = 0.727 PDa; where 70, 0.83 and 0.116 are assumed to be the N content
of purines (mg/mmol), the digestibility of microbial purines and the ratio of purine N to
total N in mixed rumen microbes, respectively (Chen et al., 1992; Chen and Gomez,

1995).

2.6. Statistical analysis

The general linear model (GLM) procedure of Statistical Analysis System (SAS, version
9.1) was used to analyze the feed intake, digestibility, N excretion and retention, body
weight gain, PD and MN. The model included treatment effect while initial body weight
of the goats was used as covariate in the model. Duncan’s multiple range tests was used

for mean separation when there was significant difference between means.



3. Results

3.1. Chemical composition

The chemical composition of the experimental feeds is presented in Table 1. The CP
content of barley straw was low and insufficient to meet minimum requirements of rumen
microbes if fed alone. On the contrary the concentrate mixture and B. aegyptiaca leaves
had high to medium level CP content, respectively. The fibre fraction particularly NDF
and ADF were higher in barley straw compared to the other two feeds. But ADL was
highest in B. aegyptiaca leaves. The condensed tannins (CT) and soluble tannins (ST)
were determined for B. aegyptiaca only as these components are less important in straws

and concentrates.

3.2. Feed intake

The average daily DM, OM, CP and NDF intake of goats is shown in Table 2. There
were no significant differences (P>0.05) between treatments in DM intake. However,
there was a tendency of higher intake (P=0.06) in animals supplemented with a
combination of concentrate and B. aegyptiaca leaves. There was higher (P<0.05) OM
intake by goats in T2, T3 and T4 than those in T5. The CP intake was higher (P<0.001) in
T1 than in T2 and T3, which in turn had higher CP intake than T4, whereas animals
supplemented with sole B. aegyptiaca leaves (T5) had the lowest CP intake. The intake of
fibre fraction was also significantly different between treatments. The NDF intake was
higher (P<0.05) for T2, T3 and T4 compared to T1 and T5. Similarly ADF intake was
higher (P<0.05) in T3 and T4 than in T1 and T2 while T5 had intermediate intake.

3.3. Digestibility

Table 3 shows the DM and nutrient digestibility of the experimental diets. The apparent
DM, OM and CP digestibility were higher (P<0.05) for T1 compared to T4 and T5. The
OM and CP digestibility for T2 and T3 did not differ (P>0.05) from T1, T4 and TS5.



There were no significant differences (P>0.05) in NDF digestibility although it showed a
declining trend from T1 to T5.

3.4. Nitrogen balance

Table 4 shows average daily intake, excretion and retention of nitrogen. The N intake was
higher (P<0.01) in animals supplemented with sole concentrate mixture (T1) but similar
to T2. The animals in T2 and T3 had similar but higher (P<0.01) N intake than T4 and
TS, where animals supplemented with sole B. aegyptiaca leaves (TS) had the lowest N
intake. Faecal and urinary N excretion, total N excreted and N retained were not
significantly different (P>0.05) between treatments. However, there was some pattern
when faecal and urinary N excretions were considered. Faecal N excretion increased
from T1 through T35 as the level of B. aegyptiaca increased in the diet and the opposite

was true with urinary N excretion.

3.5. Excretion of purine derivatives and microbial N supply

Table 5 shows excretion of purine derivatives and microbial N supply. There were no
significant (P>0.05) differences between treatments regarding excretion of allantoin, uric
acid, xanthine plus hypoxanthine and total PD. Although not significant, there exists a
clear trend in excretion of allantoin and total PD. In both cases T1 had higher values but
declined progressively to T5. Such trend was not observed in excretion of uric acid and
xanthine plus hypoxanthine. No significant (P>0.05) differences recorded for absorbed
purines and microbial N supply between treatments. But it is important to note the pattern

between treatments and both parameters.

3.6. Body weight changes

Figure 1 shows the average daily weight gain of goats. All animals had a positive body

weight change with varying magnitudes during the whole period. Animals in T2 which

received 180 g concentrate mixture and 60 g B. aegyptiaca supplement had the highest



(28.7 g) gain per day while those in T1 (sole concentrate supplement) had similar gain to
T2 and also to T3 and T4. The lowest gain (11.3 g) was recorded for animals in T5 which

had sole B. aegyptiaca as supplement.

4. Discussion

4.1. Chemical composition of feeds

The low CP and high fibre content of the barley straw is characteristics of most crop
residues such as cereal straws. The CP value recorded for barley straw in this study is
similar to the reports of Lulseged and Jamal (1988) and Owen (1994). Bogale et al.
(2008) reported similar but slightly lower values from two sub-districts in highlands of
Bale. The values reported by Bogale et al. (2008) for fibre fraction from the Sinana sub-
district well agree with our results except ADL while values from Dinsho sub-district
were higher. But the NDF value reported by Lulseged and Jamal (1988) is slightly lower
than our result and far less than that reported by Bogale et al. (2008). Such differences
could arise as result of differences in management and the variety of barely grown in
these areas. The leaves of B. aegyptiaca used to substitute concentrate mixture had an
intermediate CP content compared to several multipurpose trees reported by earlier
workers. These include Albizia harveyi and Delonix elata (Goromela et al., 1997),
Sesbania sesban (Woodward and Reed, 1995; Kaitho et al., 1998b; Solomon et al., 2004;
Mekoya et al., 2008), Gliricidia sepium (Merkel et al., 1999), Leucaena leucocephala
(Abdulrazak et al., 1997; Kaitho et al., 1998a; Solomon et al., 2004) and Acacia
brevispica (Woodward and Reed 1995). On the other hand, the CP values reported by
Chriyaa et al. (1997) and Ben Salem et al. (1999) for Acacia cyanophylla and Chriyaa et
al. (1997) for Atriplex nummularia Lindl. were lower than values obtained for B.
aegyptiaca. The CP value reported for Grewia similes by Goromela et al. (1997) was
comparable with B. aegyptiaca. The highest ADL recorded for B. aegyptiaca could be

attributed to the tannin present in this feed. Due to the existence of structural similarity



between condensed tannins and lignin, they are measured as lignin and thus exaggerate

the value (Reed, 1986).

4.2. Feed intake

The barley straw with its low CP content cannot provide sufficient N to rumen
microorganisms. In the present study additional N was supplied from concentrate mixture
and B. aegyptiaca leaves. The similarity in DM intake between the treatments with
varying levels of supplements could be an indication of a potential of B. aegyptiaca to
replace concentrate mixture in straw based diets. The tendency of higher DM intake with
combination of the two supplements at varying amounts reveals improvement in
utilization of readily available energy and nitrogen than when animals were
supplemented with either concentrate or B. aegyptiaca leaves alone. The differences in
OM intake between treatments could result from DM intake. But the low OM intake by
animals in T5 which received sole B. aegyptiaca as a supplement was as a result of high
ash content of the supplement. On the other hand, CP intake was largely affected by the
type of supplement whereby animals receiving sole concentrate mixture had the highest
intake of CP. The NDF and ADF intakes were enhanced when combination of the
supplements were fed to animals as in T2, T3 and T4. Since animals consumed all
concentrate mixture on offer and almost all B. aegyptiaca leaves, their chemical
composition had influenced nutrients ingested. Thus the low NDF and ADF intakes were
observed for animals supplemented with concentrate mixture alone. The tannins in B.
aegyptiaca leaves seem to be less detrimental to feed intake as no significant differences
were observed in DM intake between treatments. The effect of tannin on feed intake is
dependent on the concentration of tannin in feeds (Provenza et al., 2000). However, this
should be considered with caution since factors such as structure and molecular weights

determine their biological activity (Hagerman et al., 1992, Waghorn, 2008).
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4.3. Digestibility

The decreasing trend in DM, OM and CP digestibility with increasing level of B.
aegyptiaca could be associated with the presence of tannin in this feed. This is more
evident when digestibility values for animals receiving either concentrate mixture or B.
aegyptiaca as sole supplement is considered. Tannins are known to lower digestibility of
feeds and thereby limit production potential of animals (Reed et al., 1990; Silanikove et
al., 1996a; Makkar, 2003). The digestibility of DM reported by Woodward and Reed
(1995) for sheep fed tef straw and supplemented with sole A. brevispica compares with
the present result obtained when varying amounts of B. aegyptiaca was supplemented to
goats on barley straw basal diet. Similarly Kaitho et al. (1998a) reported DM digestibility
of various multipurpose trees as supplement to tef straw comparable to our result for B.
aegyptiaca leaves as a sole supplement (T5) but slightly lower than other treatments.
Reed et al. (1990) reported higher OM digestibility for animals given tef straw as basal
diet and supplemented with noug (Guizotia abyssinica) cake, which is similar to animals
consuming concentrate mixture as sole supplement in the present study although the
magnitudes were different. The higher CP digestibility for animals receiving sole
concentrate mixture could be due to the type of protein in such conventional feeds which
is highly digestible. The decreasing trend in CP digestibility with increasing level of B.
aegyptiaca leaves could be due to lower CP content and the interference of tannins in CP
digestibility. Such interactions between protein and tannin may limit production of

ammonia nitrogen and thereby affect overall digestibility.

4.4. Nitrogen metabolism

There was a positive N balance in all the treatments although there were differences in
intake of N between treatments. The N content of the diets clearly affected the amount of
N ingested by animals whereby the amount decreased with decreasing concentrate
mixture. However, the differences recorded in N intake were not reflected in total N
excreted and retained. Although the differences were reported to be not significant, there

was a clear difference in the route of excretion of N. An increase in B. aegyptiaca leaves
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in the diet resulted in higher faecal N which could be attributed to the complex formation
between tannins and proteins, which render it unavailable for digestion. Solomon et al.
(2004) who used wheat bran and three multipurpose tree leaves either single or their
mixture as supplement to tef straw basal diet reported higher faecal N excretion in rams
supplemented with multipurpose tree leaves compared to those supplemented with wheat
bran. The N loss in faeces could be regarded beneficial than loss in urine as in the former
case it could be utilized to fertilise crop lands and cause less pollution to the environment

(Kaitho et al., 1998b).

4.5. Excretion of purine derivatives and microbial N supply

Despite the significant difference in N intake between treatments, excretion of PD and
microbial N supply did not differ significantly. Furthermore, the difference recorded in
CP digestibility of the diets between treatments did not result in significant differences in
excretion of PD and microbial N supply. Although the differences were not significant,
there was a tendency that animals that had higher CP intake and digestibility had
increased excretion of PD and microbial N supply. The microbial N supply of goats
reported in the present study is higher than the values reported by Debela (2008),
Solomon et al. (2004) and Tolera and Sundstgl (2000). Such disagreement between the
present and previous works could be attributed to diets used in these studies. In the
present study the diet was composed of concentrate mixture, leaves of B. aegyptiaca and
barley straw as basal feed except in T1 and TS5, which had concentrate mixture and B.
aegyptiaca leaves as sole supplements, respectively. However, the values obtained for TS
(animals with sole B. aegyptiaca supplement) agrees with the reports of above authors.
Low N intake and digestibility were recorded for animals receiving sole B. aegyptiaca as
supplement. Therefore, the presence of highly digestible CP in the concentrate mixture

could be responsible towards increased excretion of PD and microbial N supply.
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4.6. Body weight changes

The positive changes in live weight of goats across the treatments could be an indication
that B. aegyptiaca could substitute concentrate mixture, although the body weight gain
was small in animals receiving B. aegyptiaca as sole supplement. The daily gain of goats
in the present study was lower than the values reported by Kaitho et al. (1998a) for sheep
fed tef straw as basal feed and supplemented with various multipurpose trees, which
could be due to species difference in growth rate related to their mature sizes. But the
daily gains of ewes reported by Solomon et al. (2004) is comparable to our observation

except for animals supplemented with sole B. aegyptiaca leaves.

5. Conclusion

All animals had gained live weight throughout the study period and this demonstrates the
potential of B. aegyptiaca to be used as a supplement to straw or low quality forage based
diets. Smallholder farmers who cannot afford to provide either commercial concentrates
or home grown concentrate supplements or do not have access to other high quality
forage supplements can use sole leaves of B. aegyptiaca as a supplement to crop residues.
The gain in live weight was improved when B. aegyptiaca was used in combination with
concentrate mixture with the highest gain when the concentrate mixture and B.
aegyptiaca leaves were used as supplements in a 3:1 ratio. The choice of feeding strategy

depends on the objective and also the availability of these supplements in the area.
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