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Abstract: The study was conducted to determine the plant density, leaf biomass and crude protein yield,
chemical composition, In vitro gas and methane production, tannin biological activity and in sacco dry matter
degradability of leaves of 15 selected tropical browse species from Afar rangeland. Ethiopia. Plant density
(plant/ha) ranged from 1209.1-72.7, leaf biomass yield (kg/plant) ranged from 36.8-8.6, biomass yield (kg/ha)
ranged from 3308.5-790.2 and crude protein (CP) yield (kg/ha) ranged from 630.5 - 125.1. Dry matter (DM) ranged
from 89.7-92%,  ash  20.4-11.9%,  crude  protein  (CP)  25.1-12.2%, neutral  detergent  fiber  (NDF)  48.4-26.9%,
acid detergent fiber (ADF) 20.4-10.7%, acid detergent lignin (ADL) 13.4-5.7%, calcium 2.48-1.20% and
phosphorus 0.5-0.21%. Total phenol ranged from 29.5-18.0%, total tannin 20.1-12.2% and condensed tannin
12.5-5.6%. All 15 browse species used in this study could meet the maintenance requirement of requirements
according to CSIRO, 2007 guidelines for grazing livestock in the tropics based on their moderate crude protein
and mineral composition and lower NDF, ADF and ADL contents. The browse species had higher amount of
condensed tannin (> 6% DM) which could limit their utilization as supplement to the basal grazing in tropics.
Organic matter digestibility (OMD) ranged from 57-47 %, total gas production at 24 hr incubation 48.3-31.7
ml/200 mg DM, gas production at 48 hr incubation 55.2-37.6 ml/200 mg DM, methane production 15.1-11.0 ml/200
g DM, metabolizable energy (ME) 8.7-7.2, SCFA 1.16-0.53 mmol/L, methane reduction potential (MRP) 0.2-42%
and Partitioning factor (PF) of gas production  (ml  gas  production/DMD  at  24  hr  incubation) from 5.07-2.20.
Balanites aegyptica, Dobera glabra, Grewia ferruginea, Prosopis juliflora and Acacia nubica leaves were
observed to show best values in terms of gas volume, OMD, ME and SCFA production, methane reduction
potential and in sacco degradability characteristics. Thus, the browse species from Afar rangelands could be
considered as potential source of forages during dry season when regular feed resources are limited in quality
and quantity. The authors recommended further study on the seasonal dynamics of the nutritional quality of
the browse species supplemented with animal feeding experiments for better utilization of the browse species
as dry season supplementation for ruminant livestock in dry lands.

Key words:Biomass yield  Chemical and phenolic composition In vitro gas production  Tannin biological
activity In sacco degradability  Methane production

INTRODUCTION prominent role in livelihoods of communal farmers [1].

Recurrent droughts  and  low  rainfall  in  arid  and domestic livestock and wild animals in these semi-arid
semi-arid regions of Ethiopia result in a poor supply of areas. Browse and shrubs are adapted to a low moisture
high quality animal feed and are causing a steady decline environment [2], thus offer a reliable source of feed in the
in livestock productivity of rangelands. As a result, form of leaves and fruits. Many leguminous fodder trees
livestock composition  has  changed  over  the  years, and shrubs have high protein levels and are potentially
with drought-tolerant camels and goats playing a more promising    supplements,    which  could    be     used   to

Browse trees and shrubs are the main feed resource for
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supplement low quality roughages in the long dry season. Amibara   and   Awash   fentale   were   purposively
However, anti-nutritional factors, such as tannins are selected based on the intensity of encroachment by
known to be a significant component of many browse tree Prosopis juliflora from zone three in Afar regional state.
species [3, 4]. When these feed resources are considered The  Afar  rangelands  are  characterized  by   arid   and
as potential protein supplements for ruminant livestock, semi-arid climate with low  and  erratic rainfall.  Rainfall  is
knowledge on the concentration and biological activity of bi-modal throughout the region with a mean annual
tannins is important as these may interfere with the rainfall below 500 mm in the semi-arid western
digestion and metabolism of protein [5]. Reduced rumen escarpments decreasing to 150 mm in the arid zones to the
protein degradability due to the presence of tannins limits east. The area is increasingly drought prone. The region
the  supply  of  rumen  ammonia  for  microbial  activity. receives    three    rainy    seasons.    The   main   rain,
This, in turn, negatively affects the utilization of poor karma accounts for 60% of annual rainfall and occurs
quality roughages which are a major component of from mid-June to mid-September. This is followed by rainy
ruminant livestock diets in rangelands of Ethiopia. showers in mid-December called dadaa and a minor rainy
Tannins are polyphenolic substances that occur widely in season during March – April called sugum. Disruptions
plants and have the ability to bind proteins. This effect of on the performance of any rainy season will impact on the
tannins can be either adverse or beneficial for the animal availability of pasture and water as well as the overall
depending on their concentration and chemical structure. food security situation of the pastoral and agro-pastoral
Tannin-protein complex on one hand reduces the communities   [8].   About  14.8%  of  the  total  land   area
availability and digestibility of proteins in the ruminant, of the region is covered by grassland; 31.5 % shrub land,
but on the other hand it allows more dietary protein 1.7% woodland and 0.11% forest land. The sample areas
escape rumen degradation to reach the lower digestive were located at geometrical co-ordinate of 40°09’ to
tract. 40°38’E of longitude and 9 °18’ to 9 °52’ N latitude in

Chemical compositions, in combination with In vitro Amibara district of the Middle Awash Valley and Awash
gas production, in sacco degradation, organic matter fentale district. The altitudinal range of the study areas
digestibility and metabolizable energy contents were varies from 116 meters below sea level in the Denakil
widely used to determine potential nutritive values of depression to roughly 900 meters above sea level at
rangelands feed resources. Information of nutritional Mount Hertali [9]. The districts are characterized by high
values of feedstuffs and browses rich in secondary temperature and low and erratic precipitation. The mean
compounds could not be used as a simulation of rumen annual temperature of this area is 27.6°c and the mean
fermentation but the estimation of potential rate and maximum temperature  reaches  39°c  in  June  whereas,
extent of feed fermentation [6]. Evaluation of the effects of the mean minimum temperature is 15° c in November [10].
CT  on  rumen  fermentation  could  also  be  done  using The area has the mean annual total rainfall of 564.4 mm
In vitro   gas  production  (GP)  techniques  with   the while the mean evapo-transpiration is estimated to be
addition of polyethylene glycol (PEG) as a condensed between 1400 and 2200 mm per annum for the last 35 years
tannin-complexing agent [7]. Even though some browse [10]. May and June are the driest months of the year.
trees and shrubs were evaluated in terms of chemical Amibara district had land area of 2941 km while Awash
composition, In vitro and in situ technique, there is fentale covers land area of 1,046.41 km [1].
limited information on the chemical composition and
nutritive values of feed resources in the Afar rangelands. Sampling Design and Data Collection: A reconnaissance
Therefore the aim of the current study was to determine survey of the study areas were made from June 12-17,
biomass production and potential nutritive value of 2011 before the actual sample collection in order to obtain
selected browse and shrub species by chemical information on vegetation stands along the altitudinal
composition,  In   vitro   gas  and   methane   production, gradients in the study areas. A total of 15 browse and
in sacco degradability and tannin biological activities of shrub species were selected after an initial field survey to
main browse and shrub species of Afar rangelands. evaluate the utilization of multipurpose tree and shrub

MATERIALS AND METHODS livestock and wild animals feeds by selected pastoralists,

Description of the Study Areas: The study was carried communities. Three peasant association each in two
out in Afar rangelands which is located 250 km north east districts were selected during the field survey and four
of   Addis  Ababa,   Ethiopia.  Two  districts  namely, transect    lines   were   randomly   laid   in   each   peasant

2

2

forage species in two districts of Afar range lands as

key informants and forage and range experts in the local
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associations. Along the transect lines five sampling pilots and total extractable phenolics (TP) determined using
of 20x20 m area at 200m interval along the line or at 50 Folin Ciocalteu procedures described by [16]. The TP
meters altitudinal drops when there is a steep slope were concentration was calculated using the regression
arranged for sampling of the selected browse and shrub equation of  tannic  acid  standard.  Total  extractable
species by the  community  for  livestock  feeding.  Thus, tannins (TT) was estimated indirectly after being
a total of 120 sampling pilots were used for measurements absorbed to insoluble polyvinyl pyrrolidone (PVP) and
of biomass yield parameters and  collections  of  browse the concentration calculated by subtracting the TP
samples for laboratory analysis. Identification of the remaining after PVP treatment. Condensed tannins were
browse    species    were   conducted   by  knowledgeable determined by using Butanol-HCl procedures and were
pastoralists, key informants and forage and range experts expressed    as   leucocyanidin  equivalent  (%  of  DM).
in the  local  communities  by  their  vernacular  names. The concentrations of condensed tannins were calculated
Their scientific names were consulted from the published by the formula:
volumes of Flora of Ethiopia and Eritrea [11]. 

Determination of Biomass Yield from Trees and Shrubs: ----------------------------------------------------------------
In each plots selected browse and shrubs species were % DM
counted for determination of density and frequency of
occurrence in plots. In addition, for prediction of the The dilution factor was equal to 1 if no 70% acetone
biomass yield, the trunk diameters of the plants were was added or 0.5 ml per volume of the extract was taken
measured at 30 cm height for shrubs and 120 cm height for [17,18]. Calcium was determined by atomic absorption
trees using measuring  tape  and  leaf  yield  per  annum spectrophotometer and phosphorous was determined by
were    determined  using  the   allometrric   equation   of spectrophotometer.
log w  =  2.24  log  dt-1.5  [12]  to  calculate  potential
biomass yield. The diameters of the plants were obtained In sacco Degradability: In-sacco feed evaluation was
by measuring the circumference of the trunk as D=0.318C.
Where,   C   =   trunk   circumference   and D = diameter of
the trees. 

Sample Collection and Preparation: The browse and
shrubs were harvested from at least 10 plants per each
species selected at random in the selected peasant
associations of two districts during dry season of the
year. The harvested samples were pooled for each
individual browse and shrubs species and then oven
dried at 65°C for  48  hr  to  constant  weight.  The  leaves
were then milled through a 2.0 mm screen for in Sacco
digestibility and a sub sample were taken and milled
further through 1.0 mm screen for use in gas production
and proximate analysis

Chemical   Composition:   The  dry  matter  (DM),  ash,
ether extract (EE) and Kjeldahl nitrogen analyses were
performed in duplicate on dried samples [13] and CP was
calculated as N x 6.25. Neutral detergent fiber (NDF) was
determined by the method of [14] where as acid detergent
fiber (ADF) and acid detergent lignin (ADL) were
determined according to [15] using Ankom  fiber220

analyzer (Ankom Technology®, Macedon, NY, USA).
NDF   was   determined   without    alpha   amylase).
Phenolics  were  extracted  using  70%  aqueous  acetone

Absorbance at 550 nm × 78.26 × Dilution factor 

conducted by using three steers fitted with rumen cannula
at nutrition laboratory of Holeta Agricultural research
Center, Ethiopia. Duplicate nylon bags (bag size,
80mmx140mm; pore size 45µm) containing 3g of milled dry
sample was weighed and then incubated in the rumen of
three fistulated steers. The bags were then withdrawn
after 3, 6, 12, 24, 48, 72 and 96 hours. The zero hour was
obtained by soaking the bags in a water bath maintained
at 39°C for 1 hour. After the incubation period, the bags
were withdrawn then hand washed under running tap
water until the water coming out of the bags was clear.
The washed bags and contents were then dried for 48
hours at 60°C in a hot oven to determine DM
disappearance. The disappearance values were fitted in
the equation of (19) McDonald (1981): Y=A+B (1-e )-ct

where A, B and C are degradation constants [19]. 

In vitro Gas Production: The In vitro gas production was
carried out at the laboratory of School of animal and range
Sciences, Hawassa University, Ethiopia. The gas
production technique of [20] as described by [21] was
used   in the  In  vitro  gas  production  assessment.
Rumen fluid was obtained from three male adult Adilo
sheep breed by suction  tube  before  the  morning  feed.
The   animals  were  fed  with  40%  concentrate   feed
(wheat bran (40%), maize  grain  (32%)  and  linseed  cake
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(27%) and common salt (1%)) and 60% Rhodes grass. min. Then the solid parts were dried in the oven and
Incubation was carried out according to (20) in 120ml weighed. The ratio of DM truly degraded (mg) to gas
calibrated syringes in three batches at 39°C. To 200mg volume at 24 h incubation was used as the partitioning
sample in the syringe was added 30ml inoculum that factor [24].
contained cheese cloth strained rumen liquor and buffer
(9.8g NaHCO  + 2.77g Na  HPO 4 + 0.57g KCl + 0.47g NaCl Polyethylenglycol (PEG) Bio-assay for the Assessment of3 2

+ 0.12g MgSO .7H 0 + 0.16g CaCI . 2H 0 in a ratio (1:4 v/v) Tannins: The gas production technique described above4 2 2 2

under continuous flushing with CO . Three incubation was also used for biological assay of browse samples [18].2

runs were conducted for each sample within each shrub Incubations were carried out in serum bottles with or
species with three replications per sample. The gas without the addition  of  500  mg  PEG.  Ground  samples
production was measured at 3, 6, 12, 24, 48, 72 and 96h. (300 mg) were weighed out into serum bottles, kept at
The average volume of gas produced from the blanks was approximately 39°C and  flushed  with  CO   before  use.
deducted from the volume of gas produced per sample. Two bottles were used for each substrate with each
The volume of gas production characteristics were inoculum source (rumen fluid from three sheep was used
estimated  using  the  equation  Y = a + b  (1 – e )  [22], separately as three different inocula giving threect

where Y = volume of gas produced at time‘t’, a = intercept replicates per treatment), one for each treatment (with or
(gas produced from the soluble fraction), b = gas without PEG). Bottles were tightly closed and placed in
production from the insoluble fraction, (a+b) = total gas the shaking water bath at 39°C, being shaken at regular
production, c = gas production rate constant for the times. The volume of gas produced in each bottle was
insoluble fraction (b), t = incubation time The post recorded at 6,  12,  24  and  48  h  after  inoculation  time.
incubation   parameters  such  as  metabolisable  energy Gas production was corrected by subtracting the volume
(ME, MJ/Kg DM), organic matter  digestibility  (OMD %) of gas produced from blank cultures. Tannin activity was
and short chain fatty acids (SCFA) were estimated at 24h calculated as the ratio between cumulative gas measured
post gas collection [20]. At the end of  24  h  incubation, in the PEG bottle and that recorded in the control (no PEG)
4ml of 1N Na (OH) was added to the substrate in each bottle, for each sample and inoculum. For each sample,2

syringes to determine the methane production [23]. values from the three replicates (inoculum sources) were
In vitro organic matter digestibility (OMD) was averaged.

calculated from the equation: OMD (%) = 18.53 + 0. 9239
gas  production  (at 48 hrs) + 0.0540 CP [20]. Where: Statistical Analysis: Analysis of variance was carried out
OMD= organic matter digestibility at 48  hours  and  on   nutrient  and  phenolic  composition,  IVOMD, ME
CP=crude   protein   (%DM).  In  vitro  metabolisable values, SCFA  production,  methane  production  and in
energy (IVME) was calculated from equation: IVME Sacco degradability using GLM procedures of SAS [25].
(KJ/gDM)  =2.20+0.136GP+0.0057CP  [20]   Where: Significance between means was tested using the least
GP=Gas  production   over   24rs   of  incubation; significant difference (LSD). The models include effects of
CP=Crude protein content of feed samples, short chain species  and  season   and   their   interactions. A simple
fatty   acids   (SCFA)  was   calculated   from   equation: correlation analysis will be used to establish the
SCFA = 0.0239*GP – 0.0601. relationship between phenolics concentration and In vitro

Partitioning Factor (PF): In a separate run of gas
production completed on samples, the method of [24] was RESULTS
adopted to determine the partitioning Factor (PF). In this
method, approximately 300 mg of dried and ground (2mm) Potential  Leaf  Biomass  and   Protein   Yields of
browse samples were weighted and placed into serum Selected Browse Species from Two Districts of Afar
bottles. Buffered rumen fluid with McDougal buffer (20ml) Rangelands:  In  a  survey  conducted  in the three
was pipetted into each serum bottle to measure gas peasant  associations  of Awash fentale (Doho, Dudub
production to 24 h. After termination of incubation, and Sebure) and Amibara districts (Melka werer, Melka
bottles contents were transferred to tubes and centrifuged sedi and Serkahamo) of Afar range lands 15 major
at 2500´g for 10 min. Supernatants were picked out and indigenous browse species were indentified from 120
solid parts were washed with buffer (NaHPO , KHPO , households  as  being  used  as  animal   feed  resources3 3

NaCl and distilled water) and centrifuged at 2500×g for 10 by  livestock.  The   most   preferred  indigenous  browse

2

gas production and DM degradability.
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Table 1: Scientific and vernacular names of common browse species selected local communities in Awash fentale and Amibara district of Afar rangelands
Scientific name Vernacular name Edible parts
Acacia melifera Merkato Leaves
Acacia abyssinica Kaselto Leaves/fruits
Calotropis procera Kelayto leaves
Acacia toritlis Eibeto Leaves/fruits
Acacia nubica Gerento Leaves/fruits
Ficus sycamorus Sebula leaves
Cordia sinesis Mederto leaves
Balanitis egyptica Uddo Leaves/fruits
Cadaba rotuniflora Adanglaita Leaves/fruits
Dobera glabra Gersa leaves
Grewia ferruginea Hidayto leaves
Prosopis juliflora Wayne/Darge hara Leaves/fruits
Salvadora persica Adaito Leaves/fruits
Tamiranix aphylla Segento leaves
Zizphus mauritiana Kusraito Leaves/fruits

Table 2: Potential leaf biomass and protein yields of selected browse species from two districts of Afar rangelands
Plant/ha DM yield(kg/plant) DM yield(kg /ha) CP yield(kg/ha)
--------------------------------- ---------------------------------- ----------------------------------- -------------------------------

Plant Species Awash Fentale Amibara Awash Fentale Amibara Awash Fentale Amibara Awash Fentale Amibara
Acacia melifera 59.7 69.9 15.5 11.4 926.9 790.2 177.6 152.0jk b def1 2 ef e hi g

Acacia abyssinica 168.2 205.8 9.5 22.8 651.8 2155.5 125.1 433.0ij2 b1 gh2 2 g2 ab1 j2 ab1

Calotropis procera 107.4 208.0 12.2 18.9 1312.9 1948.3 258.1 418.0d2 b1 fgh d c fg2 b1

Acacia toritlis 194.5 216.1 8.6 17.2 810.3 1964.3 158.6 377.0c b h2 1 fg2 bc1 ij2 c1

Acacia nubica 182.7 211.7 37.6 14.0 3074.3 1734.6 584.5 358.1c b a1 2 a1 c2 ab1 cd2

Ficus sycamorus 60.6 66.4 15.6 18.7 950.2 1164.8 183.4 267.8ijk b def ef cd hi2 e1

Cordia sinesis 168.2 220.1 20.1 13.6 1374.1 1692.2 288.7 330.4ij2 b1 cde d c ef1 c2

Balanitis egyptica 184.9 216.1 30.3 17.4 2578.4 2060.5 599.1 400.4c2 b1 b1 2 b b a bc

Cadaba rotuniflora 193.5 209.1 12.1 17.3 1130.7 1736.9 298.8 383.5c2 b1 fgh2 1 de c ef c

Dobera glabra 155.8 206.4 14.6 21.8 1322.6 2170.9 313.5 424.6d2 b1 efg2 1 d2 a1 e2 b1

Grewia ferruginea 206.5 169.9 19.1 12.1 2151.0 828.7 497.9 165.8b1 b2 de c1 d2 c1 g2

Prosopis juliflora 470.7 1209.1 36.8 22.6 2612.5 2211.5 535.8 486.7a2 a1 a1 2 b ab bc a

Salvadora persica 104.2 207.1 11.2 13.1 1171.3 1564.6 226.7 308.8e2 b1 fgh de c gh2 d1

Tamiranix aphylla 180.0 208.4 24.7 14.9 1981.7 1703.2 388.1 325.1c2 b1 c1 2 c c d1 d2

Zizphus mauritiana 163.4 72.7 20.3 12.7 3308.1 918.1 630.5 174.5d1 b2 cd1 2 a1 d2 a1 f2

Mean±SE 143.3±4 471.3±7.0 19.2±9.7 16.6±9.2 1687±850 1642±1432 345 ±54 367±42
DM=dry matter; CP= crude protein;  Mean in the same column with same letter are significantly different (P<0.05); Mean in the same row undera,b,c,d,e,f,g,h,I,j,k 1,2

the same parameters are significantly different (P<0.05)

species  with  their  scientific  and vernacular names are However,   crude    protein    (CP)   yield   (kg/ha)
presented  in  Table  1. Potential biomass and protein ranged   from   630.5 (Zizphus  mautiana)  to  125.1
yields of these browse species  is  also  presented in (Acacia abysinica) in Awash fentale and from 486.7
Table 2. Plant density (plant/ha) ranged from 470.7 (Prosopis juliflora) to 152 (Acacia melifera) Amibara
(Prosopis juliflora) to 155.8 (Dobera glabra) in Awash district. Large variations were observed between species
fentale district. in plant density, dry matter yield and crude protein yield

However, it ranged from  1209.1 (Prosopis  juliflora) in both districts of Afar national regional state.
to   72.7 (Zizphus  mauritiana)  in  Amibara  district. In  both    districts,   plant    density   was
Potential biomass yield (kg/plant) ranged from 36.8 significantly (P<0.05) different for Acacia abysinica,
(Prosopis    juliflora)    to   8.6 (Acacia   nubica)   in Calotopis   procera,   Cordia   sinesis,  Balanities
Awash   fentale   and  22.8  (Acacia  abysinica)  to  11.4 aegyptica,   Cadaba   rotundiflora,  Dobera  glabra,
(Acacia     melifera)     in    Amibara    district.   Similarly, Grewia frugenniea, Prosopis juliflora, Slvadora
the   dry   matter  yield  (kg/ha)  ranged  from  3308.5 perisca,Tamiranix aphylla and Zizphus maurtiana.
(Zizphus   maurtiana)    to    950.2   (Ficus    sycamorus) Variations  were  observed  between  sites  among  all
in Awash fentale and 2211.1 (Prosopis juliflora) to 790.2 species except Calotopis procera, Ficus sycamorus,
(Acacia melifera) in Amibara district. Cordia sinesis, Grewia ferruginea and Salvadora persica
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species. In case of dry matter yield significant (P<0.05) The composition of ADL was also the highest in
variation     was   observed   between   the   sites in Acacia toritlis and the lowest in Prosopis juliflora.
Acacia   abysinica,   Acacia   nubica,  Acacia  toritlis,
Dobera     glabra,      Grewia      ferruginea     and Minerals and Phenolic Composition Browse Species:
Ziziphus   mauritiana.   However,   CP  yield  was Minerals and phenolic compositions as well as methane
significantly (P<0.05) variable among in all species except emission of selected browse species from Afar range
for Balanites aegyptica, Cadaba rotundiflora and lands are presented in Tale 4. Calcium composition of the
Prosopis juliflora species. leaves ranged from 2.48% (Cadaba rotundifollia) to

Chemical Composition of Leaves of Selected Browse was the highest (0.50%) (Grewia ferruginea) and the
Species: The chemical composition of leaves of selected lowest in Cordia sinesis (0.21%).
browse  species  in  the  study  sites are presented in The composition of total phenol in the leaves was
Table 3. Significant variations (P<0.05) were observed ranged from 29.5 % (Acacia abysinica) to 18.0%
between species in dry matter (DM), ash, NDF, ADF and (Calotropis procera) leaves. However, the concentration
ADL composition of leaves. The chemical composition of total tannins ranged from 20.1% (Tamiranix aphylla)
and nutritive values of the edible forage biomass (leaves to 12.2% (Acacia nubica). The condensed tannin
and <2mm stem) was determined by analyzing the dry concentration was the higher in Prosopis juliflora
matter (DM), ash, crude protein (CP), neutral detergent (12.5%) and lowers in Acacia nubica (5.6%). Methane
fiber (NDF), acid detergent fiber (ADF) and acid detergent emission potential of the browse species was ranged from
lignin  (ADL  in  the  foliages.  Dry  matter  ranged  from (Dobera  glabra  (8.5%)   to Prosopis  juliflora  (7.5%).
89.7-92%, ash 20.4-11.9%, crude protein 25.1-12.2%,
neutral detergent fiber  48.4-26.9%,  acid  detergent  fiber In vitro Gas Production Characteristics of Browse
20.4-10.7% and acid detergent lignin 13.4-5.7%. The DM
content was higher in Acacia melifera and lower in
Acacia   toritlis.   The  ash  content  was   higher in
Calotropis procera and lower in Cadaba rotundiflora.
The ash content was higher Cadaba sinesis lower in
Calotropis procera. NDF composition was the highest in
Dobera glabra  and  the  lowest  in  Salvadora  presica.
The composition of ADF ranged from Acacia toritlis
(20.4%) to Prosopis juliflora (10.7%). 

1.20% (Grewia ferruginea) while phosphorus content

Species from Afar Regions: In-vitro gas production
characteristics of selected browses species from Afar
national regional state is shown in Table 5. Gas volume
(ml/200mg)     ranged     from    51ml    and    56 ml   in
Grewia ferruginea   to   32.2  ml  and   37.7   ml in
Tamiranix aphylla at 24 and 48 hrs of incubation
respectively. The gas production from immediately
soluble    portion     “a”     value     ranged from     23.8%
(Zizphus mauritiana) to 10.2 % in (Balanites aegyptica).

Table 3: chemical compositions of leaves of selected browse species from Awash fentale and Amibara districts of Afar rangelands
%DM
----------------------------------------------------------------------------------------------------------------------------------------------------------

Species DM (%) Ash CP NDF ADF ADL
Acacia melifera 91.3 13.5 19.5 31.2 14.1 8.3ab def bc bc bcde

Acacia abyssinica 91.2 20.5 18.8 29.7 13.7 7.9a f bc bc bcde

Calotropis procera 91.7 20.4 12.2 29.6 13.6 8.3a f c bc bcde

Acacia nubica 91.6 18.6 19.9 34.1 15.4 9.7ab cdef bc abc bcd

Acacia toritlis 91.2 16.8 22.9 45.9 20.4 13.4ab abcd a a a

Ficus sycamorus 90.3 13.3 23.2 36.5 15.1 10.8ab abc bc abc abcd

Cordia sinesis 90.5 13.3 25.1 31.8 16.5 11.2ab a bc abc abc

Balanitis aegyptica 91.2 12.8 22.7 31.2 17.8 11.5ab abcde bc ab ab

Cadaba rotuniflora 92.0 12.0 24.3 30.3 13.4 9.8b ab bc bc abcd

Dobera glabra 92.0 13.5 19.1 48.4 15.4 10.7ab ef a abc abcd

Grewia ferruginea 91.4 16.6 19.4 33.7 11.2 7.3ab cdef bc cd de

Prosopis juliflora 89.7 20.2 19.6 23.8 10.7 5.7a def cd d e

Salvadora persica 91.6 12.1 24.9 26.9 14.3 9.8b a c bc bcd

Tamiranix aphylla 90.8 18.4 20.5 40.3 12.9 9.7ab bcdef b bc bcd

Zizphus mauritiana 91.2 17.3 22.4 24.5 12.1 7.4ab abcde cd c de

Mean±SE 91.3±0.43 16.1±0.52 21.3±0.7 32.4±0.90 14.1±0.38 9.45±0.25
 Mean in the same column with same letter are significantly different (P<0.05); DM=dry matter; CP=crude protein; NDF=neutral detergent fiber; ADF=a,b,c,d,e,f,

acid detergent fiber; ADL=acid detergent lignin
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Table 4: Mineral and phenolic compositions of selected browse species from Awash fentale and Amibara districts of Afar rangelands
(%DM)
---------------------------------------------------------------------------------------------------------------------------------------------------------------

Species Calcium Phosphorous Total phenol Total tannin Condensedtannin CH Emission4

Acacia  melifera 1.68 0.34 19.8 14.1 5.6 8.1ab ab b ab f ab

Acacia  abyssinica 1.70 0.26 29.5 17.5 6.3 7.8ab ab a ab ef ab

Calotropis procera 1.79 0.30 18.0 14.1 7.3 7.7ab ab b ab def ab

Acacia nubica 1.77 0.23 20.0 12.2 8.4 7.9ab b ab cdef ab
b

Acacia toritlis 1.74 0.34 20.5 15.7 9.2 8.3ab ab ab ab abcde ab

Ficus sycamorus 1.39 0.32 18.6 13.8 10.0 8.3ab ab b ab abcd ab

Cordia sinesis 1.53 0.21 20.9 13.0 11.3 8.1ab b ab ab abc ab

Balanitis aegyptica 1.26 0.37 20.7 16.7 11.9 8.2b ab ab ab ab ab

Cadaba rotuniflora 2.48 0.30 19.5 12.5 11.5 8.2a ab b ab ab ab

Dobera glabra 2.15 0.34 21.8 17.8 8.9 8.5ab ab ab ab bcdef a

Grewia ferruginea 1.20 0.56 21.6 18.8 10.6 8.2b a ab ab abcd ab

Prosopis juliflora 1.64 0.26 26.5 18.9 12.5 7.5ab ab ab ab a b

Salvadora persica 1.52 0.35 29.2 15.8 11.9 8.1ab ab a ab ab ab

Tamiranix 1.45 0.50 23.4 20.1 12.2 8.4ab ab ab a ab a

Zizphus  mauritiana 1.42 0.37 22.4 14.2 11.3 8.1ab ab b ab abc ab

Mean±SE 1.64±0.06 0.33±0.02 21.8±0.56 15.5±0.41 9.81±0.26 8.07±0.05

Table 5: In-vitro gas production characteristics of selected browse species from Afar rangelands
Gas volume(ml/200mg) Gas production constants
------------------------------------ ----------------------------------------------------------------------------------------------------------------

Browse Species 24hr 48hr a (%) b (%0) C(hr ) a+b (%) LT (hr)1

Acacia nubica 41.0 46.4 16.0 81.3 0.02 99.5 5.38cd cd ab a b a ab

Calotropis procera 39.3 44.7 17.7 81.0 0.03 99.7 5.34cd cd ab a ab a ab

Salvadora perisca 31.7 36.9 22.1 81.9 0.02 99.0 6.46e e ab a b a ab

Dobera globera 48.3 53.7 19.6 78.8 0.04 93.4 6.16a a ab ab a a ab

Balanitis aegyptica 37.5d 43.0d 10.2 76.5 0.03 89.7 4.50e e b b ab ab b

Grewia ferruginea 51.0 56.4 18.6 76.4 0.04 89.6 6.31a a ab b a ab ab

Prosopis juliflora 45.0 50.3 15.0 75.5 0.01 88.2 5.55abc abc ab b c ab ab

Cadaba farinosa 47.2 52.6 18.2 73.4 0.03 84.4 5.34ab ab ab b ab b ab

Tamaranix aphylla 32.2 37.7 23.6 69.9 0.02 79.8 7.05e e a c b c a

Zizphus mauritiana 41.7 47.1 23.8 68.6 0.02 73.8 6.98bcd bcd a c b c a

Mean±SE 41.5±1.15 46.8±1.16 18.9±1.27 88.3±2.35 0.025±0.002 89.7±1.94 5.87±0.227
 Mean in the same column with same letter are significantly different(P<0.05); a= gas production from immediately soluble component; b=gas productiona,b,c,d,e

from insoluble but potential degradable portion; A+B =potential gas production; LT= lag time

Table 6: Organic matter digestibility, Short chain fatty acids Metabolisable energy and Methane production of leaves of selected browse species from Afar
rangelands

Browse Species OMD (%) at 48h ME(MJ/kgDM) SCFA(mmol/L) Methane production (ml/200mg) MRP (%) PF(mlgas/OMD)
Acacia nubica 53.1 7.52 0.54 11.7 29.2 5.07de c d ab a

Calotropis procera 51.5 7.15 0.51 10.9 41.9 3.28e c d a bc

Salvadora perisca 55.3 8.31 0.77 13.6 12.2 2.82abc abc ab cd bc

Dobera globera 54.6 8.68 1.16 15.1 0.2 2.18a a a d c

Balanitis aegyptica 56.9 8.63 1.34 14.5 4.5 2.27ab a ab d c

Grewia ferruginea 52.5 8.28 0.80 12.8 19.0 3.76bcd bc d bc ab

Prosopis juliflora 50.7 7.61 0.60 12.3 22.8 4.48de c cd bc a

Cadaba farinosa 50.7 7.85 1.12 12.2 24.6 3.27cd ab cd bc bc

Tamaranix aphylla 48.6 7.49 0.84 11.7 28.5 2.94de abc d ab bc

Zizphus mauritiana 46.9 7.44 0.53 11.5 30.9 3.70de c d abc ab

Mean±SE 52.3±0.94 7.90±0.11 0.820±0.072 12.6±0.26 21.4±2.58 3.39±0.20
Mean in the same column with same letter are significantly different (P<0.05); OMD=organic matter digestibility; ME= metabolizable energy; SCFA=a,b,c,d,e,

short chain fatty acid; MRP=methane reduction potential; PF= partitioning factor

The  gas  production  from  water  insoluble but %/hr in Prosopis juliflora leaves. The potential gas
degradable  fraction  was  higher  in  Salvadora persica production (a+b) values ranged from 99.7 ml in Calotropis
(81.9%)   to   68.6%   in   Zizphus   mauritiana. The  rate procera to 73.8 ml in Zizphus mauritiana leaves. The lag
of  gas  production from insoluble but degradable  fraction time ranged from 7.05% /hr in Tamiranix aphylla to
“c”  ranged  from  0.04%/hr  in Dobera glabra to 0.01 4.5%/hr in Balanites aegyptica leaves.
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Table 7: Tannin biological activities based PEG treatment of leaves of selected browse species from Afar rangelands
Gas production(ml/0.2 g)
---------------------------------------------------------------
24 h 48 h CT(%DM) SCFA(mmol/L) ME (KJ/kg DM)
------------------------- ---------------------------- ------------------------- --------------------------- ---------------------

Browse species PEG- PEG+ PEG- PEG+ PEG- PEG+ PEG- PEG+ PEG- PEG+
Acacia nubica 41.0 49.6 41.5 69.4 5.7 1.60 0.56 0.67 7.5 7.7b a b a a b b  a b  a

Calotropis procera 39.3 48.3 46.4 68.7 6.4 2.05 0.51 0.62 7.2 7.9b a b a a b b a b a

Salvadora perisca 31.7 41.7 44.7 65.7 7.4 2.13 0.77 1.10 8.3 9.2b a b a a b b  a b a

Dobera globera 36.9 55.2 48.3 72.5 8.5 1.86 1.16 1.40 8.7 9.9b a b a a b b a b a

Balanitis aegyptica 37.5 46.8 53.7 67.9 9.3 2.87 1.34 1.50 8.6 10.4b a b a a b b a b a

Grewia ferruginea 51.0 57.3 42.9 73.6 9.9 1.78 0.80 1.04 8.3 9.9b a b a a b b a b a

Prosopis juliflora 45.0 52.6 56.4 71.0 11.1 2.23 0.60 0.72 7.6 8.9b a b a a b b a b a

Cadaba farinosa 47.2 54.3 50.4 72.0 11.4 1.25 1.12 1.15 7.9 8.3b a b a a b b a b a

Tamaranix aphylla 32.2 42.7 52.6 65.7 10.2 2.64 0.84 1.02 7.5 9.0b a b a a b b a b  a

Zizphus mauritiana 41.7 50.1 37.6 69.7 9.0 2.87 0.53 0.67 7.4 8.2b a b a a b b a b a

 Mean in the same row under the same parameters with same letter are significantly different (P<0.05);CT=condensed tannin; SCFA= short chain fatty acid;a,b,

Me=metabolisable energy

Table 8: In Sacco degradability characteristics of leaves of selected browse species from Afar rangelands
Crude Protein degradability characteristics (% DM)
---------------------------------------------------------------------------------------------------------------------------------------------------------------

Species A B C (hr ) A+B RSD ED1

Acacia nubica 21.1 64.2 0.020 85.3 11.17 63.4cde a c a a a

Calotropis procera 22.5 48.8 0.107 71.3 4.55 44.0bcde ab a abc b c

Salvadora perisca 23.8 55.3 0.057 79.1 2.83 50.3bcd ab abc abc c b

Dobera globera 23.1 59.2 0.033 82.3 3.36 54.5bcde ab bc ab c b

Balanitis aegyptica 19.2 44.9 0.023 64.2 3.02 33.2e b c c c d

Grewia ferruginea 23.0 59.9 0.050 82.9 3.12 57.5bcde ab bc ab c b

Prosopis juliflora 21.0 46.1 0.067 67.2 3.40 47.7de b abc bc b c

Cadaba farinosa 26.1 49.3 0.080 75.4 3.07 53.2ab ab abc abc c b

Tamaranix aphylla 25.3 56.7 0.057 82.0 5.65 49.3abc ab abc ab b b

Zizphus mauritiana 29.4 47.8 0.023 77.2 4.47 43.0a ab c abc b c

Mean±SE 23.5±0.6 53.2±1.9 0.052±0.01 76.7±1.9 4.46±0.6 49.6±1.9
Mean in the same column with same letter are significantly different(P<0.05); A= immediately soluble portion; B= insoluble but potential degradablea,b,c,d,e

portion; C= rate constant; A+B=Potential degradability; RSD= residual standard deviation; ED= effective degradability

Organic   Matter   Digestibility,   Short  Chain  Fatty Tannin Biological Activities of Browse Species Based
Acids,   Metabolisable   Energy   and  Methane PEG Treatment: Tannin biological activity based on PEG
Production:  The  organic  matter  digestibility  (OM), treatment of selected browse species from Afar
short  chain  fatty  acid  (SCFA),  metabolisable  energy rangelands is presented in Table 7. Tannin biological
(ME)  and  methane  production of selected browse activity was significantly different (P<0.05) between
species  from  Afar  rangelands  are  shown  in  Table  6. species and with species between treated and untreated
The OMD  (%)  at  48  hr  of the leaves were not leaves for volume of gas production, CT production,
significant (P>0.05) different. However, it ranged from SCFA   production   and  EME  production  in  selected
56.9%  in  Balanites  aegyptica to  46.9%  in  Zizphus browse species. The increase in gas production due to
mauritiana   leaves.   ME   values  (MJ/kg DM) ranged PEG treat at 24 hr of incubation ranged from 12.4% in
from 7.2 in Dobera glabra to 8.7 in Calotropis procera Grewia  ferrugenea  to  32.6%  in  Tamaranix  aphylla.
leaves. After 48 hrs of incubation, the increase in gas production

SCFA   production    (mmol/L)    was    the   highest was the highest in Dobera glabra and the lowest in
in Balanites   aegypica  (1.34)  and  the  lowest in Tamaranix Aphylla leaves. Percent condensed tannin
Zizphapus mauritiana (0.53). Potential methane reduction was significantly (P<0.05) different between
production    (ml/200   mg)    ranged    from   15.1 in treated and untreated leaves. The percent reduction of CT
Dobera   glabra   to   10.9   in   Calotropis   procera was ranged from 70% in Balanites aegyptica to 89% in
leaves,   Methane   reduction  potential  (MRP)  0.2-42% Cadaba farnosa leaves. Short chain fatty acid production
and Partitioning    factor     (PF)    of    gas    production (mmol/L) was also significantly (P<0.05) different between
(ml gas production/DMD at 24 hr incubation) 5.07-2.20. treated   and   untreated  leaves.  Percent  increase in
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SCFA was due to PEG treatment was the highest in The ash  content  of  the  forages  was  ranged  from
Salvadora   persca   (42.9%)    and   the   lowest in
Cadaba farnosa (2.7%) leaves. Increase in ME production
was also observed due to PEG treatments of the browse
leaves.    The   highest    ME   production   was in
Balanites aegyptica (20.9%) and the lowest was in
Cadaba farnosa (5.1%) leaves [25-50].

In sacco Degradability Characteristics of Selected
Browse Leaves: The in-Sacco degradation characteristics
of selected leaves are shown in Table 8. The washing loss
(A) was the highest in Zizphus mauritiana (29.4%)
followed by Cadaba farinosa, Tamiranix aphylla,
Salvadora persica, Dobera glabra, Grewia ferruginea,
Calotropis procera, Acacia nubica and Prosopis
juliflora in decreasing order and the lowest washing loss
was for Balanites aegyptica(19.2%).The lag time(LT) was
the highest in Tamiranix aphylla and the lowest in
Balanites aegyptica leaves. Acacia nubica had the
highest degradability of the insoluble but degradable
fraction   (B)   and  both  Balanites   aegyptica   and
Prosopis juliflora had the lowest “B” fractions in the
leaves. The rest of the browse species had similar
degradability for “B” fraction. The rate of degradation (C)
was   the  highest   in   Calotropis   procera   and   the
lowest in Acacia nubica, Balanites aegyptica and
Zizphus maurtiana leaves. The other browse species did
not show variability in rate of degradation of the insoluble
but degradable portion. Effective degradability (ED) of the
browse leaves was highest in Acacia nubica and the
lowest in Balanites aegyptica leaves.

DISCUSSION

This study investigated the potential yield and
nutritional quality of browse species for livestock in the
rangelands. Variability in species of the plants,
physiological stage and season of harvesting,
environmental factors and botanical fraction of plants
were some of the factors affecting the chemical
composition of the browse species [26, 27]. The nutrient
composition of the browse forages in the current studies
was comparable with a range o values reported for
Kenyan browse species [28] and slightly variable from
those studied in Sudan. This variation is attributed to the
variations in climate, soil and species of the plants,
season and methods of obtaining the samples. The DM
content of the browses species was ranged from 896 to
921 g/kg Dm which was well above the critical range of
DM (700-800 g/kg DM) which limits intake and of
livestock [29]. 

120   to   205  g/kg  DM  in  Cadaba  rotuniflora   and
Acacia abyssinica. The ash contents of the forage
species in the current study was slightly lower than the
values reported by [30] and [31] but in line with those
reported by [4] and [33]. This variation is attributed to the
differences in species and genotype, maturity of the
browses,  part  of  the  plant  included  in  the   analysis,
soil type, climate factors such as temperature and rain fall
and methods of processing for chemical analysis of the
samples [30].

In addition, CP content of the browse forages was
also from 122 to 251 g/kg DM from Cordia sinesis to
Acacia nubica leaves which is above the recommended
minimum requirement for lactation (120 g/kgDM) and
growth (113 g/kg DM) in ruminants [33]. The CP contents
of the browse leaves was in line with browse species from
North Ethiopia [33, 32] and fro Borana rangelands of
South Ethiopia [4]. The role of browse forages as protein
supplement  for  ruminants  especially  during dry season
is  the  major  contribution  of  the  browses  in  tropical
and  sub tropical  regions  where   other   nitrogen
sources are not readily available or are expensive.  In  the
current   study,  the  CP  composition  of  the  browse
forages was above the minimum required level for
microbial activity (80 g/ kg DM) [29] which satisfies the
utilization  of  these feed resources as nitrogen
supplement to poor quality  roughages.  [34,  35]
suggested that differences in CP contents between
browse species could be mainly due to variation in factors
controlling protein accumulation in forages during growth
process of plants.

The  cell  wall  contents  (NDF,  ADF  and  ADL),
which represents the most important fraction of the feed
dry matter for all for ages ranged from 240 to 484 g/kg DM,
107 to 204 g/kg DM and 57 to 134 g/  kg  DM  for  NDF,
ADF and ADL respectively (Table 3). Dobera globera
had the highest level of NDF contents reflecting the lower
soluble cell wall contents while Prosopis juliflora had the
least NDF contents. The fiber composition of the forages
species was quite variable across the browse species and
was ranged from low to moderate categories. This is a
positive attribute of the forages as they are the major
energy sources for domestic livestock and wild lives in
the rangelands [6, 29]. The variation in the NDF
composition of the forages is an indication of variability
in species, genotype, soil, climate and the growth
phonology of the forages. Voluntary DM intake and DM
digestibility are dependent on the cell wall constituents
(fiber components) of the forages  [3].  In  current  study,
the NDF contents was below 50% DM which was lower
than the concentration suggested as a limit which could
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affect intake and digestibility in ruminants (60-65%) could be attributed to differences in chemical composition
reported in literatures [14]. of the browse forages especially, CP, NDF, ADL, nature

Browse plants are the main sources of minerals for and concentration of phenolic compounds and may be
grazing livestock in tropics. Calcium contents of the other anti nutritional components in the forages. The
browse forages in the current study ranged from 12 to 24.8 above factors influence the amount of substrate OM that
g/kg DM and phosphorus content ranged from 2.1 to 5.5 is fermented and the SCFA produced up on fermentation
g/kg DM. The Ca and P in the current study are in line and the metabolisable energy estimated from gas
with [21]. However, slightly lower values were observed production [37]. This is because gas production resulted
in our investigation as compared to the findings of [28] for from fermentation of feed OM and Co produced from
Kenyan browse species. Ca and P in the browse forages buffering of the SCFAs by the bicarbonate buffers in the
are the concentration level that could satisfy the daily rumen. [41] noted that the presence of tannins in the
requirement of grazing ruminants in tropics (Ca, 14-110 forages depresses the In vitro gas and SCFA production.
g/kg DM and (P, 9 -38 g/kg DM) for different production Tannins level in the browse forages at concentration
purpose and at different age groups [36]. of 40 mg/g DM [40] had been reported to show

The browse forage plants varied widely in the detrimental effect on the utilization of these feed
composition of the phenolic compounds in this study. resources. However, the biological activity of tannins in
However, this was in line with the composition reported browse species are quite variable based on plant species,
for browsing species in Kenya [37, 28], Borana rangelands genotype, sage of growth, portion of plants, season of
[4] and Abergelle district of Tigray, North Ethiopia growth and environmental factors such as temperature
[32].While, slight variations were observed from the and rain    fall,  hebivory  and  cutting  and  defoliations
phenolic compositions of browse species investigated by [42, 26].
[31] from Westen Ethiopia  and  [30]  from  South  Africa. In the current study, the results of the gas production
The variation in phenolic composition is attributed to and fermentation characteristics of browse species are
differences in species, climate, soil type, stage of maturity within   the   range  reported  earlier  for  browse  species
and harvesting of the browse samples as well as methods from western Ethiopia [31], Kenyan browse species [28]
of processing and analysis of the phenolic compounds in and for South African browse species [30]. In our
the samples [38, 30 ]. Phenolic composition of browses in investigation, Grewia ferrugenea had the highest and
the current study ranged from medium to high Tamarinix aphylla had the least gas volume both at 24 hr
concentration and were more than 100 mg/Kg DM a level and 48 hr after incubation of the feed samples
quite higher than  the   threshold  level  in  ruminant  diets respectively. The highest gas volume at 48 hrs of
(40-60 g/kg DM) reported by other authors [16, 39]. incubation  had  positive  effects  on  concentration of
Tannins present in browse species have been shown to SCFA  and  ME  production  from  the  browse  species.
be the major limitation to the use of the forages in the The variation in OMD and gas production among browse
livestock diets as protein supplements in the dry season. species is the reflection of the chemical composition of
This is because in ruminant tannins tend to alter the the forage species especially the amount of NDF in the
composition of the rumen micro flora, binds and inhibits browse species. It was reported by [42] that the presence
microbial enzymes, complexes with feed nutrients as well of high NDF levels in browse species interferes with the
as the metabolic products of tannin biodegradation may true availability of OM and negatively affects OMD of the
be absorbed from GIT and produce toxic effect to the feed samples. The estimated ME from gas volume at 48
other organs such as liver and kidney at higher hrs of incubation was the highest for Dobera glabra and
concentration    in   the   feeds   [39,   37,  40].  However, the least for Calotopis procera species. The estimated
low levels of tannins (30-40 g/kg DM) in the ruminant ME values in this study were within the range of those
diets have nutritional benefits for protecting dietary reported elsewhere [33]. The amount of gas released when
protein  from   excessive  ruminal  degradation  without forages are incubated In vitro has been reported be
affecting the forages intake or fiber digestion [40, 37]. closely related to digestibility of feeds for ruminants [6].
Currently, tannins in the forages are alternative Thus, gas volume can be considered as a good reflection
antimethanogenic   compounds  to  reduce  enteric  green of substrate fermented to VFAs and an estimate of
house gas emission from livestock production. potential digestibility in the rumen [41]. The highest

Gas Production: There were large variations in volume of insoluble but rumen degradable fraction was observed in
gas production and gas production characteristic Calotropis procera and Salvadora presca species
between browse species in this study. This variation reflected superior index of microbial degradation of the

2

volume of ‘b’ fraction and rate of gas production ‘ c’ for
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forages and high fermentation rates of the feed samples in current study, the browse forages under investigation
the  rumen. On the other hand, the highest lag time (LT) in were classified as low to medium methane reduction
Tamarinix aphylla and Zizphus macuranata reflected the potential since the percent methane production in the
delay in the fermentation rate of these species which was current study was ranged from 7.7 to 8.5% of the total gas.
an implication of the effect of either high tannin The differences in CH4 among the species reflect the
concentration in the leaves that could impede the activity observed variations in fiber fraction (NDF, ADF and ADL)
rumen microbial fermentation or high level of fiber fraction as well as phenolic concentrations in the forages.
(NDF) in the forages that would hinder the penetration of Percentage  methane   production   reduction
rumen microorganisms to the soluble carbohydrate potential  of  the   forages   calculated   relative to
fraction for rapid fermentation rate. Rhodes  grass hay  in  the  current  study  ranged  from

Organic matter digestibility of the browse species 0.21 in Dobera globera to 41.9 % in Calotropis procera
ranged from 47 to 57 % (Table 6). Dobera glabra had the species. The browse species were ranked based on their
highest OMD, SCFA, ME and methane production. methane production potential as: Calotropis procera
However, the methane reduction potential and the >Tamiranix aphylla > >Zizphus mautitiana> Cadaba
partition factor is lower in this species due to the fact that farinosa >Salvadora presca > Prosopis juliflora >
forages with high methane production as proportion to Grewia feruginea > Balanities Aegyptica > Dobera
total gas production. Forage species under investigation globera.
in the current study were classified as medium class The increase in GP could simply result in lower
digestibility [27]. The gas production which is indication partitioning of nutrients to microbial protein synthesis
of   the   rate   and  extent  of  OM   degradability   and [49] and reduced PF value. As found in the current study,
microbial activity was higher in Grewia ferruginea and PF   values   for  some  plants (Acacia   nubica   and
Tamiranix aphylla. This could be due to higher fiber Dobera glabra) were higher than the theoretically
contents    of   the  forages  which   negatively   affected possible maximum value of 4.41 based on stoichiometric
the OM degradability and the volume of gas production. calculation. This was because tannins form complexes
[43] indicated lower gas  production  of  T.  gigantean with proteins, which were largely insoluble in ND and may
leaves could be attributed to elevated fiber components contribute to the undegradable fraction [50, 51]. At the
as compared to G. sepium leaves. The reduction in onset of the maximum capacity of microorganism to
microbial activity could be in response to their lower metabolize excess of soluble materials in the rumen
proportion of the cell contents and hence a lower system, the LT will be larger, thus, PEG addition would
proportion of readily soluble nutrients [44]. In addition, had large LT values for some browse species under
higher fiber fractions could limit the microbial population investigations.
to access to degradable OM portion [45]. 

Methane production, which the major loss from Tannin Biological Activity: Tannin biological activity of
ruminants during rumen fermentation of feeds was the browse species were measured as the change in gas
observed   to   be  high   in   Dobera   globera   and production, SCFA and ME production from the feed
Tamranix   aphylla   species.  But  lower  volume of samples incubated with or without PEG using the In vitro
methane gas was produced from Prosopis juliflora leaves. gas production technique [48]. Forages with high
This showed high conversion rate feed carbohydrates biological activity by PEG addition were those which had
fermentation products (CO  and H ) to  acetate  instead  of high antimethanogenic activity. Gas production at 24 and2 2

CH  [46]. This process mainly occurs when low roughage 48 hrs, SCFA, ME and methane production were increased4

diets containing high proportion of soluble sugars and in response to PEG addition to the fermentation bottles
proteins are fermented [29]. Methane is one of the potent containing test diets. This is implies the browse species
green house gasses, contributing significantly to the had antimethanogenic activity of variable concentration
environmental pollution. Global livestock production based on the species, genotype, stage of maturity of the
contributes about 20% of the green house gas emission. plants and other environmental factors.
[46] suggested that the methane reduction potential of
any feed  stuff  can  be  estimated  from  the  percentage In   sacco   Degradability:  The  in  Sacco  DMD  ranked
In vitro methane gas production and the feed stuff can be
arbitrarily classified in three categories; low reduction
potential   (%   CH    in  gas,  11-14%);  medium  potential4

(% CH  in gas, 6-11%)  and  high  potential  (%  CH4  in4

gas,0-6%)   with  respect  to  standard  grass  hay.  In  the

the selected leaves of browse species from the Afar
rangelands in the order of Acacia nubica > Grewia
ferrugenia > Dobera globera > Cadaba rutinflora >
Salvadora   presca  >   Tamranix   aphylla   >   Prosopis
juliflora > Calotropis procera > Zizphus macuranata >
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Balanities aegyptica, with Effective degradability REFERENCES
(K=0.05). The potential degradability (A+B) and insoluble
but rumen degradable fraction (B) the forage species also
followed  the   same  order.  However,  the  instantly
soluble  fraction  (A)  of  the  browse  species  was   the
highest   in  Zizphus  macuranata  and  the  least in
Balanities aegyptica leaves. All browse leaves had
higher DM disappreance values (56-75% DM) at 48 hrs of
incubation as compared to the values of 40-50%
considered to be suitable as ruminant feeds resources
[52]. This implies the browse species were suitable feed
supplement to poor quality roughages for ruminants in
tropics during the critical shortage of feeds. The in Sacco
DMD characteristics observed in the current study were
in consent with the previous reports [31, 26, 3] but slightly
lower than [28]. 

CONCLUSION

Browse trees and shrubs are dominant forage species
in Afar rangelands with increased plant density and
higher leaf biomass production per ha. Prosopis juliflora
was the highest in plant in both Amibara and Awash
fentale   districts   while   Zizphus  macuranata  and
Dobera globera were the least. Our data in this
experiment showed that chemical composition, In vitro
gas and methane production and in Sacco degradability
characteristics   of   the  browse  species  were  moderate
to   high   categories   in  their   nutritional   quality.
Balanites aegyptica, Dobera glabra, Grewia ferruginea,
Prosopis juliflora and Acacia nubica leaves were
observed to show best values in terms of gas volume,
OMD, ME and SCFA production, methane reduction
potential and in Sacco degradability characteristics. Thus,
the browse species from Afar rangelands could be
considered as potential source of forages during dry
season when regular feed resources are limited in quality
and quantity. The authors recommended further study on
the seasonal dynamics of the nutritional quality of the
browse species complimented with animal feeding
experiments for better utilization of the browse species as
dry season supplementation for ruminant livestock
feeding.
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