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Abstract:

Studies on available feed resources and their nutritional values are important. This study aimed to investi-
gate chemical composition and Condensed Tannin (CT) content of major feed resources in Moyale district of
Borona rangeland, southern Ethiopia. Samples were collected from major feed resources: five browse species
(Acacia brevispica, Acacia mellifera, Commiphora Africana, Dichrostachys cinerea and Grewia tembensis),
five grasses (Cenchrus ciliaris, Chrysopogon aucheri, Digitaria milanjiana, Eragrostis capitulifera and Pan-
icum maximum), mixed natural pasture, two crop residues (maize stover and haricot bean straw), wheat bran
and two herbaceous legumes (Indigofera volkensii and Commelina africana). Samples were analyzed for ash,
Dry Matter (DM), Crude Protein (CP), Neutral-Detergent Fiber (NDF), Acid-Detergent Fiber (ADF) and CT.
There were variations in chemical composition and CT of the investigated feeds. For the browse species, CP
(15.50-19.08%), NDF (55.38-65.96%) and CT (1.32-24.71%) were found. For the grasses, CP (7.34-8.78%),
NDF (67.20-76.41%) and CT (0.86-2.07%); and for mixed natural pasture, CP (11.28%), NDF (71.50%), and
CT (1.01%) contents were recorded. For the crop residues, maize stover CP (3.13%) and NDF (73.55%), and
haricot bean straw CP (4.74%) and NDF (70.03%) were found. The CP and NDF contents of wheat bran
were 18.06% and 45.45%, respectively. For the legume forage species, CP (17.06%), NDF (57.30%) and CT
(2.04%) for Indigofera volkensii, and CP (11.32%), NDF (73.03%) and CT (0.60%) for Commelina Africana
were recorded. In conclusion, the relatively high CP content of the browse species can be used as protein
supplement to low-quality feeds during the dry season. Furthermore, the CT content of the browses (except
Dichrostachys cinerea) and legume forages was in the level that promotes positive rumen effects. However,
further studies entailing more browse species, detailed nutrient analysis, and involving animal feeding trials
should be carried out for better screening of potential feeds in the study area.
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1. Introduction 2021). The livestock sector contributes significantly to

Ethiopia has huge livestock population, estimated at
70 million cattle, 42 million sheep, 52 million goats,
8 million camels and 56 million chickens (Agency,

the livelihood of households and the country’s macro
and micro economies. As to GebreMariam et al. (Ge-
breMariam et al., 2013), the livestock sector contributed
37-87% of household incomes, 35-40% of agricultural
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Gross Domestic Product (GDP) and 15-17% of national
GDP. In Ethiopia, the pastoral and agro-pastoral live-
stock production systems account for 61% of the coun-
try’s total land mass (Tofu et al., 2023) supporting more
than 10 million people and account to 8%, 100%, 70%
and 50% of the national cattle, camels, goats and sheep
population, respectively, in 2019, and the system is a
multi-billion-dollar economy contributing significantly
to the national economy of the country (for Pastoral Ar-
eas & Development), 2020).

Despite the huge livestock number and its significant
contributions, the livestock sector in Ethiopia is char-
acterized by its low productivity attributed to different
factors including low production potential of the indige-
nous breeds, poor quality and varying seasonal availabil-
ity of feeds, high disease incidence and parasite chal-
lenges, and low accessibility to services and inputs (En-
tity, 2021) of which poor nutrition is the major one
(Zereu & Lijalem, 2016). Mengistu et al. (Mengistu
et al., 2017) reported that feed in terms of both quantity
and quality is the bottleneck to livestock production in
Ethiopia.

Feed is the most important input in livestock produc-
tion and its adequate supply throughout the year is an
essential prerequisite for substantial and sustained ex-
pansion in livestock production (Legesse et al., 2010;
Samuel et al., 2008). In the Ethiopian rangelands, live-
stock feeds are primarily obtained from natural grasses,
browses and bushes; however, there are large seasonal
fluctuations in feed availability and quality (Mengistu et
al., 2018), Good-quality browse species can be used to
supplement low-quality natural pastures during the dry
season (Hassen et al., 2017). On the other hand, most
browse species are known to contain various compounds
called anti-nutritional factors that limit their potential
use as feed resources (Aster, 2010). Anti-nutritional
factors are plant secondary metabolites that lower nutri-
ent content and reduce intake by livestock (Abu Hafsa
et al., 2022). Tannins are plant secondary metabolites
produced as defense mechanism to abiotic and biotic
stressors (Igbal & Poodr, 2025). Although there are di-
verse types of tannins in nature, the most abundant are
grouped as CT and hydrolysable (HT) based on their
chemical structure (Naumann et al., 2017). CT is found
dominantly in nutritionally important and commonly
consumed forages, trees, shrubs and legumes (Pandey
et al., 2022). Depending on their type and chemical na-
ture, the amount ingested by the animal, the composi-
tion of the diet especially crude protein content, CT can
have beneficial or detrimental effects (Mueller-Harvey,
2006). Low to medium concentration (<50 g/kg DM) is
generally considered to have beneficial effects (Pandey
et al., 2022). Recently, there is a growing interest of
using tannin containing plant feeds and plant extracts in
ruminant diets to improve the quality of animal products
(Tong et al., 2022). In ruminant nutrition, CT have been
used as feed additives (Min et al., 2021), have antioxi-
dant effects on animals and in their products (Soldado
etal., 2021), found to improve body weight gain, change
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ruminal bacterial community structure and reduce CH4
emissions (Min et al., 2021).

For the improvements in animal production and pro-
ductivity, an assessment should be done on the types
and sources of livestock feeds (Endale, 2015). Further
studies that aim to integrate feeds that have better nu-
tritive values into the feeding system are required to
evaluate feed intake, digestibility, and level of inclusion
of supplementary feeds, animal’s responses and anti-
nutritional factors for more efficient utilization of indige-
nous and adapted feed resources for sustainable animal
production (Deribe, 2015).

Lack of information on the nutritional quality of feeds
could bring poor productivity and susceptibility to dis-
ease in livestock (Bayissa et al., 2022). Knowing the
chemical composition of a feed is the primary step to
evaluate its nutritive value. According to Gebremariam
and Belay (Gebremariam & Belay, 2021) and Bayissa
et al. (Bayissa et al., 2022), information on nutritional
profiles of available feed resources in a given locality is
needed for better understanding and efficient utilization,
and hence, the improvement of livestock productivity.
In the present study area—Moyale district, natural pas-
ture, crop residues and agro-industrial by-products are
the major feed resources (Hassan et al., 2020). How-
ever, information on chemical composition and CT con-
tent of the major feed resources in the study area is
scanty. Hence, this study aimed to investigate the chemi-
cal composition and CT content of major feed resources
available in Moyale district of Borana zone, southern
Ethiopia.

2. Materials and methods

2.1 Description of the study area

This study was carried out in Moyale district Figure 1
of Borana zone, Oromia regional state, Ethiopia. The
district is located at 775 km south of Addis Ababa, the
capital of city of Ethiopia, and has an area of 14,810
km2. The altitude of the district ranges from 1150 to
1350 m above sea level. The study area is located at
03°24'04"N latitude and 37°01 04”E longitude (Abiy,
2007). Moyale Town is split between Ethiopia and
Kenya and straddles two of Ethiopia’s regions (Oromia
and Ethio-Somalia). The larger part is in Ethiopia’s Oro-
mia and Ethio-Somalia regions, and the smaller part is
in Kenya (Security et al., 2010). The area is character-
ized by semi-arid lowlands and is predominantly occu-
pied by pastoral and agro-pastoral populations whose
livelihood is mainly dependent on range-based livestock
production. The population is mainly composed of the
Borana, and Gabra Oromo in Moyale district of Borana
zone (Tolera & Abebe, 2007).

2.2 Sample collection and preparation

Representative samples from six feed types: five
browse species (Acacia brevispica, Acacia mellif-
era, Commiphora Africana, Dichrostachys cinerea and
Grewia tembensis), five grass species (Cenchrus ciliaris,
Chrysopogon aucheri, Digitaria milanjiana, Eragrostis
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Figure 1. The location of the study area, Moyale district, Southern Ethiopia

capitulifera and Panicum maximum), one mixed natu-
ral pasture, two crop residues (maize stover and haricot
bean straw), wheat bran and two herbaceous legumes
(Indigofera volkensii and Commelina africana) most
commonly used feed resources identified and ranked by
farmers during feed resource assessment part of this re-
search (Hassan et al., 2020) were used. Grasses, browse
species, and herbaceous legumes were sampled at the
end of the rainy season of the study area. The species of
plants in the collected samples were identified and listed
by their vernacular names and their scientific names
were obtained from previous research reports from the
current study area.

For the browse species, samples were harvested from
at least 10 plants per species selected at random from
each of the five selected kebeles (kebele is the small-
est administrative unit of the Ethiopian Federal Govern-
ment). Leaf samples were taken at three heights (top,
middle and bottom of the trees). Other edible parts
like pods, twigs and seeds were included and mixed
thoroughly and sub-sampled for analysis. Samples for
the herbaceous legume species were obtained from the
grazing areas in each kebele mixed thoroughly and sub-
sampled for analysis. Five grass species and one mix-
ture of natural pasture, dominant, highly ranked and ac-
cepted by farmers were collected from each of the se-
lected kebele (Hassan et al., 2020) mixed carefully per
species and representative samples were taken for anal-
ysis.

Two top-ranked crop residues (maize stover and hari-
coat bean straw) and wheat bran were collected from
farmers, mixed thoroughly and subsampled. Careful la-
beling of feed samples was done during collection and
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preparation. Three sub-samples for each feed type were
taken for analysis. The samples were dried partially at
60 0C for 48 h. The partially dried samples were ground
using Thomas Willy mill (Model 4) to pass through
a Ilmm sieve for chemical composition analysis and a
0.5mm sieve for CT analysis. The ground samples were
placed in air-tight plastic pockets and stored properly un-
til analysis. The analysis was done at Hawassa Univer-
sity, Animal Nutrition Laboratory

2.3 Chemical analysis of feed samples

The DM content of all samples was determined by dry-
ing in air-forced oven at 1050C for 12 hrs (of Offi-
cial Analytical Chemists), 2000). The total Nitrogen
(N) content of all samples was determined by the Kjel-
dahl method (of Official Analytical Chemists), 2000)
and then, CP content was calculated as Nx6.25. The
ash content of the samples was determined by complete
burning in a muffle furnace at 600°C for 6 hours (of Of-
ficial Analytical Chemists), 2000). Ether extract (EE)
was extracted using the Soxlet method. The NDF, ADF
and acid detergent lignin (ADL) were analyzed accord-
ing to the procedures of Van Soest et al. (Van Soest et
al., 1991).

2.4 CT determination of feed samples

The CT was determined using 70% aqueous acetone
and Butanol-HCI procedures and expressed as leuco-
cyanidin equivalent (% of DM) (Makkar et al., 2007).
Absorbance was measured spectrophotometrically at
550nm. The concentrations of condensed tannins were
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calculated from tannic standard curve by the formula:

Condensed tannins Conc. =
Absorbance at 550 nm X 78.26 x Dilution factor
%DM
The dilution factor was equal to 1 if no 70% acetone

was added or 0.5 ml per volume of the extract was taken
(Porter et al., 1986).

2.5 Statistical analysis

The data on chemical composition and CT of the major
feed samples were subjected to analysis of variance us-
ing General Linear Model procedures of SPSS version
20. Mean separation was performed by Tukey method
at 5% level of significance. The results were organized
and summarized in Tables.

3. Results

3.1 Chemical composition and CT content of
browse and grass forage species

Browse species. The chemical composition and CT
content of leaves and fine stems (twigs) of selected
browse species is presented in Table 1. There were
significant variations (P < 0.05) in chemical compo-
sition of the browse species, except for EE. DM con-
tent ranged from 84.12% in Commiphora africana to
95.24% in Acacia mellifera species. The lowest ash
content (5.47%) was observed in Dichrostachys cinerea,
while the highest value (11.45%) was found in Com-
miphora Africana. The highest (19.08%) and the low-
est (15.55%) CP content was observed in Acacia mellif-
era and Grewia tembensis, respectively. The NDF con-
tent ranged from 55.38% in Acacia brevispica to 65.96%
in Dichrostachys cinerea; ADF content ranged from
28.19% in Acacia mellifera to 44.02% in Dichrostachys
cinerea; the highest (17.46%) and the lowest (3.64%)
ADL content was found in Dichrostachys cinerea and
Acacia mellifera, respectively, in the present study (Ta-
ble 1).

The results for CT content of the browse species

showed wide variations ranged from 1.32% for Com-
miphora Africana to 24.71% for Dichrostachys cinerea
(Table 1).
Grass species. The chemical composition and CT con-
tent of selected grass species in the study district are
presented in Table 2. There were significant variations
(P < 0.05) in chemical composition, except EE, ADL
and CT. Ash (16.56%) and CP (11.28%) contents were
higher for Digitaria milanjiana and the mixture of nat-
ural pasture. Eragrostis capitulifera and Panicum maxi-
mum had the lowest ash (9.23%) and CP (7.34%) con-
tents, respectively. The highest NDF (76.41%) content
for Eragrostis capitulifera and the lowest NDF (67.20%)
for Cenchrus ciliaris were observed. Eragrostis ca-
pitulifera had the highest ADF (49.70%) while Dig-
itaria milanjiana had the lowest ADF (40.96%) con-
tents. Regarding the ADL content, the highest (9.21%)
was for Digitaria milanjiana and the lowest (5.17%) for
Cenchrus ciliaris (Table 2).
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3.2 Chemical composition and CT content of crop
residues and legume forages

Crop residues and wheat bran. The chemical com-
position and CT content of crop residues (maize stover
and haricot bean straw), wheat bran and legume forages
(Indigofera volkensii and Commelina africana) are pre-
sented in Table 3. There were significant variations
(P < 0.05) in chemical composition among the crop
residues except DM and EE. CP content in the present
study was (3.13%) for maize stover and (4.74%) for
haricot bean straw. The NDF content was significantly
higher (P < 0.05) in maize stover than haricot bean
straw, while ADF and ADL were significantly higher
(P < 0.05) in haricot bean straw than maize stover.

Herbaceous legume forages. The chemical compo-
sition of herbaceous legume forage species (Indigofera
volkensii and Commelina africana) showed significant
variations (P < 0.05), except EE (Table 3). DM con-
tent was 80.53% and 79.44% for Indigofera volkensii
and Commelina Africana, respectively. Higher CP con-
tent for Indigofera volkensii than CP content (11.32%)
for Commelina Africana was observed. Higher NDF
(73.03%), ADF (53.91%) and ADL (11.87%) contents
were also observed for Commelina Africana than the
NDF (57.30%), ADF (29.12%), and ADL (3.72%) con-
tents for Indigofera volkensii. Regarding the CT content,
a higher value (2.04%) for Indigofera volkensii than the
value (0.60%) for Commelina africana (Table 3).

4. Discussion

4.1 Chemical composition and CT content of
browse and grass forage species

Browse species. According to Turgut and Yanar (Turgut
& Yanar, 2004), variations in nutrient composition of
forages could be attributed to variety, stage of matu-
rity during harvesting, soil type, weather conditions
and management practices such as level of fertilization.
The results of the present study (Table 1) revealed that
there was variation in chemical composition, except EE
and CT content of browse species. The ash content
of browse species in the current study (5.47-11.07%)
was slightly lower than the range (7.9-17.03%) reported
by Fekade et al. (Fekade et al., 2020) from Central
Gondar, Ethiopia. Higher ranges of ash content (8-18%)
than the values of the present study were also reported
by Njidda (Njidda, 2010) for semi-arid browses from
North-Eastern Nigeria.

The highest CP content of browse species in the
present study ranged from 15.55-19.08% was compa-
rable to the values of 19.7% (Abebe et al., 2012) and
18.7% (Welay et al., 2018) reported from Borana and
Mieso rangelands, Ethiopia. The CP content of browse
species in the present study was in the range of 12.13 to
29.74%, reported by Fekade et al. (Fekade et al., 2020)
from Central Gondar, Ethiopia and that of Ebrahim et
al. (Ebrahim et al., 2023) who reported 9.96-22.23%
for browse species from Northern Ethiopia. Variations
in CP content between the browse species may result
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Table 1. Chemical composition and CT content (%) of leaves and fine stems (twigs) of browse forage species in the study area.

Chemical components

Browse species DM%  Ash%  CP% EE% NDF% ADF% ADL%  CT%
%DM

Grewia tembensis 94.83¢ 996" 15557 845 64739 3371 786"  1.66°
Acacia brevispica 95.22¢ 5894 16.99¢  7.45 55.38¢ 32.15¢ 10.29%  3.39°
Dichrostachys cinerea  91.60° 5474 1834 672 65.96%  44.02¢ 19.26% 24.71¢
Commiphora africana  84.12¢  11.45¢ 17.04¢  8.78  62.02¢¢ 42130 1746 1.32°
Acacia mellifera 95244 8.07° 19.08¢ 7.15 56.53%¢ 28.19¢ 903>  3.64°
Means with different superscript letters (a-d) in a column are significantly different (P < 0.05).

DM-= dry matter, CP =crude protein, EE = Ether Extract, NDF= neutral detergent fiber,

ADF-= acid detergent fiber, ADL= acid detergent lignin, CT= condensed tannins.

Table 2. . Chemical composition and CT content (%) of selected grass species in the study area.
Grass Species Chemical components
DM%  Ash% CP% EE%  NDF% ADF% ADL% CT%
%DM

Cenchrus ciliaris 85.07¢ 12.95° 837° 924  67.20° 43.52°¢ 517  1.16
Digitaria milanjiana 91.21> 16.56¢ 878  9.02  72.32%  40.96¢ 921 207
Panicum maximum 92.06> 12330 7.34¢ 6.93 76.28¢  47.714P 7.09 1.45
Chrysopogon aucheri 83.52¢ 10.04¢ 8.02b¢ 835 75.08%" 45.10%°¢ 681  0.86
Eragrostis capitulifera 96.02¢ 9.23¢ 7.85¢ 6.46 76.41¢ 49.70¢ 8.78 1.49
Mixture of natural pasture ~ 85.26¢ 12.83” 11.28¢ 821 71.500 41.11¢ 8.38 1.01

Means with different superscript letters (a-c) within a column are significantly different (P < 0.05).
DM-= dry matter, CP =crude protein, EE = Ether Extract, NDF= neutral detergent fiber,
ADF= acid detergent fiber, ADL= acid detergent lignin, CT= condensed tannins.

from differences in protein accumulation during growth
(Salem et al., 2006). All the browse species in the
present study were found to contain CP concentration
above the values 11% for maintenance and 13% for
growth need of ruminant animals (Asaolu et al., 2011).
The relatively high CP content of the browse species, in
the present study, could make them suitable as protein
supplements to poor-quality pasture and fibrous crop
residues.

Slightly comparable values of NDF (40.8-65%) to the
present study results (55.38-65.96%) were reported by
Welay et al. (Welay et al., 2018), while lower values
(20.93-47.51%) were reported by Fekade et al. (Fekade
etal., 2020). Lower NDF value (31.8%) than the present
result, for Acacia brevispica was reported by Abebe
et al. (Abebe et al., 2012). Merga et al. (Merga
et al., 2016) also reported lower NDF contents (25.4-
43.2%) for browse species. Lower range of ADF (12.10-
32.35%) than the present study was reported by Fekade
et al. (Fekade et al., 2020). Compared to the ADF con-
tent (28.19%) of Acacia mellifera in the present study,
lower value (25.3%) was reported by Welay et al. (We-
lay etal., 2018). For Grewia tembensis, a slightly higher
ADL content (9.2%) than the present result was reported
by Welay et al. (Welay et al., 2018) from Mieso range-
land, Ethiopia. Such variations could be attributed to
species, season of harvest, plant part or fraction and age
of the browse species.
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Plant species, plant part, stage of growth and season
can influence the concentration of CT (Li et al., 2014).
Besides, several factors such as initial harvesting, drying
and extraction method of the forage material are known
to have significant effects on CT analysis. The varia-
tions in CT concentration within plant species can be
more than 4 to 6-folds depending on plant provenance
(Schofield et al., 2001). A review by Min et al. (Min
et al., 2003) showed that high (> 5.5%) concentration of
CT in forages reduces voluntary feed intake, digestibil-
ity, body and wool growth rates in grazing ruminants.
According to Merga et al. (Merga et al., 2016), high tan-
nin content (>10% DM) in browse species could limit
their optimal utilization and depress their nutritive val-
ues. A review by Naumann et al. (Naumann et al.,
2017) showed that CT in concentrations below 5% DM
has beneficial effects on ruminant production by enhanc-
ing rumen bypass protein and carbohydrates, preventing
bloat and helminthiasis and lowering the emissions of
greenhouse gas. The CT contents of browse species in
the present study, except Dichrostachys cinerea could
have such beneficial effects when fed to ruminants. On
the other hand, the high (24/.71%) CT of Dichrostachys
cinerea could poss negative effects when consumed by
ruminants.

Grass species. The CP content of grasses in the
present study (ranged from 7.34-8.78%) was slightly
lower than the CP (8.54-12.90%) values reported by
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Bayissa et al. (Bayissa et al., 2022) from Haru Dis-
trict, Ethiopia. A comparable CP value (13.20%) to
the present study was reported by Gebremariam and Be-
lay (Gebremariam & Belay, 2021) for green grass. The
CP (11.28%) content of mixture natural pasture found
in the present study could be suitable as protein supple-
ment to poor-quality pasture and fibrous crop residues.
Such variations could be due to different factors, in-
cluding maturity difference at harvesting, soil and cli-
mate factors, species, cultivar/variety difference, han-
dling and management variation during harvesting and
curing. Feeds containing less than 8% CP are unable
to provide the minimum level of ammonia in the ru-
men that promotes optimum microbial activity (Norton,
1994). All the grass species in the present study had
CP content of greater than 7% required for the mainte-
nance requirement of ruminants (Bayissa et al., 2022).
Furthermore, for optimum activity of micro-organisms
in the rumen, about 6—8% rumen degradable CP is re-
quired (Coleman & Moore, 2003) the level which the
grasses in the present study contained.

Comparable NDF (69.70%) but lower ADF (35.90%)
and ADL (6.00%) to the present study were reported by
Gebremariam and Belay (Gebremariam & Belay, 2021)
for green grass. Compared to the present result, higher
NDF (74.9%) and ADF (65.4%) contents for Cenchrus
ciliaris are reported by Abebe et al. (Abebe et al., 2012)
from Borana rangeland, southern Ethiopia. According
to Singh and Oosting (Singh & Oosting, 1992), forages
containing above 65% NDF are considered as poor qual-
ity feeds. Therefore, the results of the present study re-
veal that such feeds have to be supplemented with high-
quality feeds and/or need treatment to improve their
quality.

Consistent with the results of the present study,
Mueller-Harvey (Mueller-Harvey, 2006) reported that
typically, grasses don’t contain tannins, but the concen-
tration of tannins can vary widely between and within
species. The growth stage, plant part and management
conditions have an impact on tannin concentration. Fur-
thermore, several factors are known to have significant
effects on CT analysis. Such factors include initial har-
vesting, drying and extraction method of the forage ma-
terials (Schofield et al., 2001).

4.2 Chemical composition of crop residues, wheat
bran and herbaceous legume

Crop residues. The ash content (9.22%) of maize
stover in the present study was in the range of 6.89-
9.35% reported by Bayissa et al. (Bayissa et al., 2022)
from Haru District, Ethiopia, but higher than the value
(4.38%) reported by Gebremariam and Belay (Gebre-
mariam & Belay, 2021) from central Tigray, North
Ethiopia.

The CP (3.13%) of maize stover in the present study
was lower than the value (4.91%) reported by Gebre-
mariam and Belay et al. (Gebremariam & Belay, 2021)
from North Ethiopia. Comparable to the results to the
present study, Belay et al. (2022)(Belay2022) reported
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ash content (8.19%) and CP content (6.43%) for bean
straw. The CP content of maize stover and haricot bean
straw in the present study was below the critical level
(7%) required for optimum rumen microbial function
of ruminants (Van Soest, 1994). Feed resources with
low CP contents need supplementation with other pro-
tein sources, especially during dry time when livestock
depend mainly on standing hay and crop residues (Kas-
sahun et al., 2016).

The NDF (73.55%), ADF (40.81%) and ADL
(3.03%) contents of maize stover in the present study
were lower than the NDF (76.15%), ADF (47.53%) and
ADL 5.23%) reported by Gebremariam and Belay (Ge-
bremariam & Belay, 2021) and the NDF (78.19%), and
ADF (55.37%) reported by Bayissa et al. (Bayissa et
al., 2022). The ADF content of maize stover (40.81%)
in this study was in the range of 19.2-48.3% reported
by Kassahun et al. (Kassahun et al., 2016). The
NDF (70.03%) and ADF (50.38%) contents for hari-
cot bean straw in the present study were slightly lower
than the values of NDF (72.60%) and ADF (53.77%)
for bean straw reported by Bayissa et al. (Bayissa et al.,
2022). The ADF of haricot bean straw in the present
study was in the range (48.4-56.5%) reported by Tes-
faye and Musimba (Tesfaye & Musimba, 2003). Ac-
cording to Singh and Oosting (Singh & Oosting, 1992),
fibrous feeds with NDF content of < 45%, 45-65% and
> 65% were grouped as high, medium and low quality
roughages, respectively. Accordingly, the maize stover
and haricot bean straw analyzed in the present study
are categorized as low-quality roughages and as a result,
they may impose limitations on feed intake and lower
performance unless supplemented and chemical and/or
physical treatment is applied. Thus, supplementation
and treatment of those crop residues are necessary to
improve their feeding values.

Wheat bran. Wheat bran (WB) is a fraction of the
outer pericarp layer left as by-product after milling (Ap-
prich et al., 2014). The ash content (6.50%) of WB in
the present study was comparable to the value (6.86%)
reported by Gashaw and Defar (Gashaw & Defar, 2017),
but higher than the values (5.32%) and (3.9%) reported
by Eyob et al. (Eyob et al., 2017) and Mengistu et al.
(Mengistu et al., 2016), respectively.

The CP content (18.06%) of WB in the present study
falls in the range of 18.16-19.47% reported by Mengistu
et al. (Mengistu et al.,, 2016). Lower CP values of
11.05% (Eyob et al., 2017), 14.43% (Gashaw & De-
far, 2017), and 16.50% (Solomon et al., 2004) than
the present study were reported. Higher CP (23.08%)
value than the present study was reported by Bishaw and
Melaku (Bishaw & Melaku, 2008).

The NDF content (45.15%) of WB in this study
was comparable to different reports (Mulat, 2006; Sim-
ret, 2005), but lower than the reported NDF values of
53.78% (Mengistu et al., 2016), 61.95% (Eyob et al.,
2017) and 61.2% (Tekele & Getachew, 2011). The
ADF content of WB (17.02%) in the present study
was comparable to the report (16.42%) by Mengistu et
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Table 3. Chemical composition of maize stover, haricot bean straw, wheat bran and herbaceous legume forage species in the study area.

Chemical components

Feed types DM% Ash% CP% EE% NDF% ADF% ADL% CT%
%DM

Crop Maize stover 95.00 9.22° 3.13> 056 73.55¢ 0817 3.03° 0.50¢

residues Haricot bean straw 94.99 10.42¢  4.74¢ 0.99 70.03%  50.38¢ 8.43¢ 0.16°

AIBP Wheat bran 9547  6.50 18.06 3.53 4515 17.02 5.76 0.40

HLFS Indigofera volkensii  80.53¢ 15.48¢ 17.06 1021 57.30°> 29.12°  3.72° 2.044

ommelina africana  79.44” 12.89* 11.32? 899  73.03¢ 53914 11.87¢ 0.60°

Means with different superscript letters (a-b) in a column within each feed type are significantly different (P < 0.05).
DM= dry matter, CP =crude protein, EE=Ether Extract, NDF= neutral detergent fiber, ADF= acid detergent fiber,
ADL= acid detergent lignin, CT= condensed tannins; AIBP= Agro-industrial by-product;

HLFS=Herbaceous Legume Forage Species

al. (Mengistu et al., 2016). Lower values (19.73 and
33.24%), than the present values were reported by Eyob
etal. (Eyobetal., 2017) and Gashaw and Defar (Gashaw
& Defar, 2017), respectively. The ADL (5.76%) con-
tent of WB in the present study was comparable with
the value (5.85%) by Mengistu et al. (Mengistu et al.,
2016) and lower than the value (9.4%) by Tekele and
Getachew (Tekele & Getachew, 2011) and 6.26% by
Gashaw and Defar (Gashaw & Defar, 2017), but higher
than the value (3.96%) reported by Eyob et al. (Eyob et
al., 2017). The discrepancies among the reports might
be due to the variations in the raw material, methods of
milling, and the extended storage of WB after milling.

Wheat bran contains various compounds that have
potential nutraceutical functions (Chalamacharla et al.,
2018). CT content (0.4%) of WB in the present study
was higher than the value (0.22%) reported by Kara
(Kara, 2016). CT has both positive (at low level: <3%)
and negative (at high level: >5%) effects on feed di-
gestibility and animal performance, depending on both
the quantity and biological activity of the CT (Karaetal.,
2015; Min et al., 2006). Based on this, the CT content
of WB in present study would not have negative effects.

Herbaceous legume forages. The chemical compo-
sition of herbaceous legume forages (Table 3) shows
significant variations (P<0.05) except EE. The ash con-
tents (15.48%) for Indigofera volkensii and (12.89%)
for Commelina africana in the present study were lower
than the value (20.12%) reported by Habtamu et al.
(Habtamu et al., 2013) in semi-arid areas of Borana,
Ethiopia. Herbaceous plants with CP contents in the
range of 6-8% are adequate for ruminants (Ganskopp
& Bohnert, 2001). On the contrary, Minson (Minson,
1990) argued that the critical level of CP content for trop-
ical herbaceous species should be greater than 10.6%.
The CP content of Indigofera volkensii (17.06%) and
Commelina africana (11.32%) in the present study (Ta-
ble 3) was above the critical threshold level (Ganskopp
& Bohnert, 2001). Similar to the results of the present
study, Habtamu et al. (Habtamu et al., 2013) reported
11.51% CP for Commelina africana. The EE content of
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Indigofera volkensii (10.21%) was slightly higher than
Commelina africana (8.99%). The variation in the nutri-
tive value of herbaceous species might also be attributed
to site potential in terms of differences in edaphic factors
and temperature condition. The NDF (73.03%), ADF
(53.91%) and ADL (11.87%) content of Commelina
africana species were higher than Indigofera volkensii,
with NDF (57.30%), ADF (29.12%) and ADL (3.72%)
values. Lower values of structural component NDF
(60.82%), ADF (47.97%) and ADL (10.53%) than the
present study for Commelina africana were reported by
Habtamu et al. (Habtamu et al., 2013) from the Semi-
arid areas of Borana, Ethiopia. The degree of plant
cell wall lignification may reach 12% with forage aging
(Gidenne, 2015). CT is higher for Indigofera volkensii
(2.04%) than Commelina africana (0.60%). Da Silva et
al. (Da Silvaetal., 2011) have reported that the nutritive
value of rangeland forages could be affected by season
and variation in temperature across a wider landscape
of arid regions.

5. Conclusions

The chemical composition values from the present study
indicated that the browse species had CP contents that
would make them potentially as protein supplements to
poor quality feeds, especially during the dry season. On
the other hand, the crop residues (maize Stover and hari-
cot bean straw) had low CP and high cell wall contents
and consequently, demanded supplementation with pro-
tein supplement feeds. The CT content of the browse
(except Dichrostachys cinerea) and legume forages was
in the level below 5% that promotes positive rumen ef-
fects. However, the present results should be supported
by further studies that entail more browse species, de-
tailed nutrient analysis, and feeding trials.

Acknow ledgements

The authors are grateful to the staffs of Animal nutrition
laboratory of School of Animal and Range Science, Col-
lege of Agriculture, Hawasa University, especially Mrs.
Sanit, Itenesh and Mr. Tadesse Bokore, for providing


https://doi.org/10.57647/jrs-2026-1601.07

84

Hassan et al., J. Rangeland Sci. 16 (1) 2026

invaluable assistance during laboratory analysis of the
feed samples.

Authors contributions

All the authors have participated sufficiently in the intellectual
content, conception and design of this work or the analysis
and interpretation of the data (when applicable), as well as the
writing of the manuscript.

Availability of data and materials

The data that support the findings of this study are available
from the corresponding author, upon reasonable request.

Conflict of interests
The authors declare that they have no conflicts of interest.

References

Abebe, A., Tolera, A., Holand, ., Adngjy, T., & Eik,
L. O. (2012). Seasonal variation in nutritive
value of some browses and grass species in
borana rangeland, southern ethiopia. Tropical
and Subtropical Agroecosystems, 15(2), 261—
271. https://www .revista.ccba.uady.mx/ojs/
index.php/TSA/article/view/786

Abiy, G. (2007). Integration of remote sensing and
gis for groundwater resources assessment in
moyale-teltele sub-basin, south ethiopia [MSc
Thesis]. Addis Ababa University.

Abu Hafsa, S., Hassan, A., Elghandour, M., Barbabosa-
Pliego, A., Mellado, M., & Salem, A. Dietary
anti-nutritional factors and their roles in live-
stock nutrition (V. Yata, A. Mohanty, & E.
Lichtfouse, Eds.). In: In Sustainable agricul-
ture reviews 57 (V. Yata, A. Mohanty, & E.
Lichtfouse, Eds.). Ed. by Yata, V., Mohanty,
A., & Lichtfouse, E. Springer, Cham, 2022.
https://doi.org/10.1007/978-3-031-07496-
7_4

Agency, C. S. (2021). Livestock and livestock charac-
teristics (private peasant holdings), agricul-
tural sample survey (tech. rep.). Addis Ababa,
Ethiopia.

Apprich, S., Tirpanalan, ., Hell, J., Reisinger, M.,
Bohmdorfer, S., Siebenhandl-Ehn, S., Novalin,
S., & Kneifel, W. (2014). Wheat bran-based
biorefinery 2: Valorization of products. LWT-
Food Science and Technology, 56(2), 222-231.
https://doi.org/10.1016/j.1wt.2013.12.003

Asaolu, V., Binuomote, R., Akinlade, J., Oyelami, O.,
& Kolapo, K. (2011). Utilization of moringa
oleifera fodder combinations with leucaena
leucocephala and gliricidia sepium fodders by
west african dwarf goats. International Jour-
nal of Agricultural Research, 6(8), 607-619.

Aster, A. (2010). Nutritional and anti-nutritional qual-
ity of range vegetation in southern ethiopia
and supplementary values of selected browse

“hitps://doi.org/10.57647/jrs-2026-1601.07

leaves to goats [PhD Thesis]. Norwegian Uni-

versity of Life Sciences.
Bayissa, T., Dugumaa, B., & Desalegn, K. (2022).

Chemical composition of major livestock feed
resources in the medium and low agro ecologi-
cal zones in the mixed farming system of haru
district, ethiopia. Heyilon, 8, €09012. https://
www . sciencedirect.com/science/article/pii/
S2405844022003000

Bishaw, F., & Melaku, S. (2008). Effects of supplemen-
tation of farta sheep fed hay with sole or mix-
tures of noug seed meal and wheat bran on feed
intake, digestibility and body weight change.
Tropical Animal Health and Production, 40(8),
597-606. https://link.springer.com/article/10.
1007/s11250-008-9138-1

Chalamacharla, R., Harsha, K., Sheik, K. &
Viswanatha, C. (2018). Wheat bran-
composition and nutritional quality: A review.
Advances in Biotechnology and Microbiology,
9(1), 555-754. https://doi.org/10.19080/
AIBM.2018.09.555754

Coleman, S., & Moore, J. (2003). Feed quality and an-
imal performance. Field Crops Research, 84,
17-29. https : / / www . sciencedirect . com /
science/article/abs/pii/S0378429003001382

Da Silva, D., de Andrade, M., de Andrade, A., de
Souza Carneiro, M., & de Oliveira, J. (2011).
Bromatologic composition of the herbaceous
species of the northeastern brazil caatinga. re-
view. Brasilera De Zootecnia, 40, 756-764.
https : / / www . scielo . br / j/ bz / a/
ZxVnmZYvb7bCkw4qcKQbghM / abstract /
Nang=en

Deribe, G. (2015). Evaluation of major feed resources in
crop-livestock mixed farming systems, south-
ern ethiopia: Indigenous knowledge versus lab-
oratory analysis results. Journal of Agriculture
and Rural Development in the Tropics and Sub-
tropics, 116(2), 157-166. https://kobra. uni-
kassel.de/handle/123456789/2015061048507

Ebrahim, A., Sisay, A., & Asfaw, M. (2023). Nutritional
characterization of selected indigenous browse
species in northern ethiopia. Tropical and Sub-
tropical Agroecosystems, 26(3), 111. https://
www .revista.ccba.uady.mx/ojs/index. php/
TSA/article/view/5092

Endale, Y. (2015). Assessment of feed resources and de-
termination of mineral status of livestock feed
in meta robi district, west shewa zone, oromia
regional state, ethiopia [MSc Thesis]. Ambo
University.

Entity, M. (2021). Ethiopia’s livestock systems:
Overview and areas of inquiry (tech. rep.).
Feed the Future Innovation Lab for Live-
stock Systems. Gainesville, FL, USA. https:
/ [ livestocklab . ifas . ufl . edu / media /
livestocklabifasufledu/pdf- LSIL _Livestock_
Systems_Overview_Ethiopia_2021_08.pdf


https://www.revista.ccba.uady.mx/ojs/index.php/TSA/article/view/786
https://www.revista.ccba.uady.mx/ojs/index.php/TSA/article/view/786
https://doi.org/10.1007/978-3-031-07496-7_4
https://doi.org/10.1007/978-3-031-07496-7_4
https://doi.org/10.1016/j.lwt.2013.12.003
https://www.sciencedirect.com/science/article/pii/S2405844022003000
https://www.sciencedirect.com/science/article/pii/S2405844022003000
https://www.sciencedirect.com/science/article/pii/S2405844022003000
https://link.springer.com/article/10.1007/s11250-008-9138-1
https://link.springer.com/article/10.1007/s11250-008-9138-1
https://doi.org/10.19080/AIBM.2018.09.555754
https://doi.org/10.19080/AIBM.2018.09.555754
https://www.sciencedirect.com/science/article/abs/pii/S0378429003001382
https://www.sciencedirect.com/science/article/abs/pii/S0378429003001382
https://www.scielo.br/j/rbz/a/ZxVnmZYvb7bCkw4qcKQbqhM/abstract/?lang=en
https://www.scielo.br/j/rbz/a/ZxVnmZYvb7bCkw4qcKQbqhM/abstract/?lang=en
https://www.scielo.br/j/rbz/a/ZxVnmZYvb7bCkw4qcKQbqhM/abstract/?lang=en
https://kobra.uni-kassel.de/handle/123456789/2015061048507
https://kobra.uni-kassel.de/handle/123456789/2015061048507
https://www.revista.ccba.uady.mx/ojs/index.php/TSA/article/view/5092
https://www.revista.ccba.uady.mx/ojs/index.php/TSA/article/view/5092
https://www.revista.ccba.uady.mx/ojs/index.php/TSA/article/view/5092
https://livestocklab.ifas.ufl.edu/media/livestocklabifasufledu/pdf-LSIL_Livestock_Systems_Overview_Ethiopia_2021_08.pdf
https://livestocklab.ifas.ufl.edu/media/livestocklabifasufledu/pdf-LSIL_Livestock_Systems_Overview_Ethiopia_2021_08.pdf
https://livestocklab.ifas.ufl.edu/media/livestocklabifasufledu/pdf-LSIL_Livestock_Systems_Overview_Ethiopia_2021_08.pdf
https://livestocklab.ifas.ufl.edu/media/livestocklabifasufledu/pdf-LSIL_Livestock_Systems_Overview_Ethiopia_2021_08.pdf
https://doi.org/10.57647/jrs-2026-1601.07

Hassan et al., J. Rangeland Sci. 16 (1) 2026

85

Eyob, H., Njonge, F., Goitom, A., & Mathew, G. (2017).
Chemical composition and nutritive value of
agro-industrial by-products in ruminant nutri-
tion. Open Journal of Animal Science, 7, 8—
18. https : / / www . scirp . org / journal /
paperinformation?paperid=73014

Fekade, M., Bayssa, M., & Nurfeta, A. (2020). Avail-
able feed resources and nutritive value of major
browse species in east dembia district, central
gondar, ethiopia. American-Eurasian Journal
of Agricultural and Environmental Sciences,
20(2), 82-88. http://www .idosi.org/aejaes/
jaes20(2)20/3.pdf

for Pastoral Areas, I. C., & Development), L. (2020).
Total economic valuation of pastoralism in
ethiopia (tech. rep.). IGAD Regional Pas-
toral Livelihoods Resilience Project (RPLRP).
Nairobi, Kenya. https://icpald.org/wp-content/
uploads/2021/02/Total- Economic- Valuation-
of-Pastoralism-in-Ethiopia.pdf

Ganskopp, D., & Bohnert, D. (2001). Nutritional dy-
namics of 7 northern great basin grasses. Jour-
nal of Range Management, 54, 640—-647. https:
//agsci.oregonstate . edu/sites/agscid7/files/
eoarc/attachments/479.pdf

Gashaw, M., & Defar, G. (2017). Livestock feed re-
sources, nutritional value and their implica-
tion on animal productivity in mixed farm-
ing systems in gasera and ginnir districts,
bale zone, ethiopia. International Journal of
Livestock Production, 8(2), 12-23. https : //
academicjournals . org/journal / IJLP/ article -
full-text-pdf/DO96B1E62571

GebreMariam, S., Amare, S., Baker, D., Solomon, A.,
& Davies, R. (2013). Study of the ethiopian live
cattle and beef value chain (tech. rep. No. Dis-
cussion Paper 23). ILRI (International Live-
stock Research Institute). Nairobi. https://core.
ac.uk/download/pdf/132645291.pdf

Gebremariam, T., & Belay, S. (2021). Chemical compo-
sition and digestibility of major feed resources
in tanqua-abergelle district of central tigray,
northern ethiopia. The Scientific World Jour-
nal, 2021, 5234831. https://www . hindawi .
com/journals/tswj/2021/5234831

Gidenne, T. (2015). Dietary fibres in the nutrition of the
growing rabbit and recommendations to pre-
serve digestive health: A review. Animal, 9(2),
227-242. https : // www . sciencedirect . com /
science/article/pii/S1751731114002729

Habtamu, T., Casper, M., Ayana, A., & Abubeker, H.
(2013). Effect of seasonal variation on the
nutritional quality of key herbaceous species
in semi-arid areas of borana, ethiopia. Indian
Journal of Animal Nutrition, 29(4), 324-332.

Hassan, H., Beyero, N., & Bayssa, M. (2020). Es-
timation of major livestock feed resources
and feed balance in moyale district of boran
zone, southern ethiopia. International Journal

“hitps://doi.org/10.57647/jrs-2026-1601.07

of Livestock Production, 11, 43-51. https://
academicjournals . org/journal / IJLP / article -
full-text-pdf/4ADB93ED63187

Hassen, A., Tessema, Z., & Tolera, A. (2017). Seasonal
variations in chemical composition, in vitro di-
gestibility and ruminal degradation of browse
species in the rift valley of ethiopia. Livestock
Research for Rural Development, 29, 112. http:
/Iwww Irrd.org/lrrd29/6/tess29112.html

Igbal, N., & Podr, P. (2025). Plant protection by tannins
depends on defence-related phytohormones.
Journal of Plant Growth Regulation, 44, 22—
39. https://doi.org/10.1007/s00344 - 024 -
11291-1

Kara, K. (2016). Effect of dietary fibre and condensed
tannins concentration from various fibrous
feedstuffs on gas production kinetics with rab-
bit faecal inoculum. Journal of Animal and
Feed Sciences, 25(3), 266-272. https://doi.org/
10.22358/jafs/65563/2016

Kara, K., Giicli, B., & Baytok, E. (2015). Com-
parison of nutrient composition and anti-
methanogenic properties of different rosaceae
species. Journal of Animal Feed Science, 24(4),
308-314. https://doi.org/10.22358/jafs/65613/
2015

Kassahun, G., Taye, T., Adugna, T., & Fekadu, B.
(2016). Production and utilization of crop
residues in horro and guduru districts, western
ethiopia. Food Science and Quality Manage-
ment, 48. https://core.ac.uk/reader/234684193

Legesse, G., Siegmund-Schultze, M., & Abebe, G.
(2010). Economic performance of small rumi-
nants in mixed-farming systems of southern
ethiopia. Tropical Animal Health and Produc-
tion, 42, 1531-1539.

Li, Y., Iwaasa, A., Wang, Y., Jin, L., Han, G., & Zhao,
M. (2014). Condensed tannins concentration
of selected prairie legume forages as affected
by phenological stages during two consecutive
growth seasons in western canada. Canadian
Journal of Plant Science, 94, 817-826. https:
//doi.org/10.4141/cjps2013-234

Makkar, H., Siddhuraju, P., & Becker, K. (2007). A
laboratory manual on quantification of plant
secondary metabolites. Human Press, Totowa,
New Jersey.

Mengistu, A., Kebede, G., & Feyissa, F. (2018). Status
of ethiopian rangelands: With special reference
to southern rangelands. International Journal
of Agriculture and Biosciences, 7(3), 175-181.

Mengistu, A., Kebede, G., Feyissa, F., & Assefa, G.
(2017). Review on major feed resources in
ethiopia: Conditions, challenges and opportu-
nities. Academic Research Journal of Agricul-
tural Science and Research, 5(3), 176-185.
https://www . academicresearchjournals . org/
ARJASR/PDF/2017/May/Alemayehu%20et%
20al.pdf


https://www.scirp.org/journal/paperinformation?paperid=73014
https://www.scirp.org/journal/paperinformation?paperid=73014
http://www.idosi.org/aejaes/jaes20(2)20/3.pdf
http://www.idosi.org/aejaes/jaes20(2)20/3.pdf
https://icpald.org/wp-content/uploads/2021/02/Total-Economic-Valuation-of-Pastoralism-in-Ethiopia.pdf
https://icpald.org/wp-content/uploads/2021/02/Total-Economic-Valuation-of-Pastoralism-in-Ethiopia.pdf
https://icpald.org/wp-content/uploads/2021/02/Total-Economic-Valuation-of-Pastoralism-in-Ethiopia.pdf
https://agsci.oregonstate.edu/sites/agscid7/files/eoarc/attachments/479.pdf
https://agsci.oregonstate.edu/sites/agscid7/files/eoarc/attachments/479.pdf
https://agsci.oregonstate.edu/sites/agscid7/files/eoarc/attachments/479.pdf
https://academicjournals.org/journal/IJLP/article-full-text-pdf/D096B1E62571
https://academicjournals.org/journal/IJLP/article-full-text-pdf/D096B1E62571
https://academicjournals.org/journal/IJLP/article-full-text-pdf/D096B1E62571
https://core.ac.uk/download/pdf/132645291.pdf
https://core.ac.uk/download/pdf/132645291.pdf
https://www.hindawi.com/journals/tswj/2021/5234831
https://www.hindawi.com/journals/tswj/2021/5234831
https://www.sciencedirect.com/science/article/pii/S1751731114002729
https://www.sciencedirect.com/science/article/pii/S1751731114002729
https://academicjournals.org/journal/IJLP/article-full-text-pdf/4DB93ED63187
https://academicjournals.org/journal/IJLP/article-full-text-pdf/4DB93ED63187
https://academicjournals.org/journal/IJLP/article-full-text-pdf/4DB93ED63187
http://www.lrrd.org/lrrd29/6/tess29112.html
http://www.lrrd.org/lrrd29/6/tess29112.html
https://doi.org/10.1007/s00344-024-11291-1
https://doi.org/10.1007/s00344-024-11291-1
https://doi.org/10.22358/jafs/65563/2016
https://doi.org/10.22358/jafs/65563/2016
https://doi.org/10.22358/jafs/65613/2015
https://doi.org/10.22358/jafs/65613/2015
https://core.ac.uk/reader/234684193
https://doi.org/10.4141/cjps2013-234
https://doi.org/10.4141/cjps2013-234
https://www.academicresearchjournals.org/ARJASR/PDF/2017/May/Alemayehu%20et%20al.pdf
https://www.academicresearchjournals.org/ARJASR/PDF/2017/May/Alemayehu%20et%20al.pdf
https://www.academicresearchjournals.org/ARJASR/PDF/2017/May/Alemayehu%20et%20al.pdf
https://doi.org/10.57647/jrs-2026-1601.07

86

Hassan et al., J. Rangeland Sci. 16 (1) 2026

Mengistu, L., Tegene, N., & Ajebu, N. (2016). Assess-
ment of feed resource availability and quality
in kedida gamela district, southern ethiopia. In-
ternational Journal of Environment, Agricul-
ture and Biotechnology, 1(1), 31-39.

Merga, B., Tegene, N., & Adugna, T. (2016). Forage
quality and methane reduction potentials of se-
lected browse species from borana rangeland,
southern ethiopia. American-Eurasian Journal
of Scientific Research, 11(3), 209-223. https:
//doi.org/https://idosi.org/aejst/11(3)16/9.pdf

Min, B., Barry, T., Attwood, G., & McNabb, W. (2003).
The effect of condensed tannins on the nutri-
tion and health of ruminants fed fresh temper-
ate forages: A review. Animal Feed Science
and Technology, 105, 3—19. http://dx.doi.org/
10.1016/S0377-8401(03)00041-5

Min, B., Pinchak, W., Anderson, R., Fulford, J., &
Puchala, R. (2006). Effects of condensed tan-
nins supplementation level on weight gain and
in vitro and in vivo bloat precursors in steers
grazing winter wheat. Journal of Animal Sci-
ence, 84(9), 2546-2554. https://doi.org/10.
2527/jas.2005-590

Min, B., Pinchak, W., Hume, M., & Anderson, R.
(2021). Effects of condensed tannins supple-
mentation on animal performance, phyloge-
netic microbial changes, and in vitro methane
emissions in steers grazing winter wheat. An-
imals, 11, 2391. https://doi.org/10.3390/
anil 1082391

Minson, D. (1990). Forage in ruminant nutrition. Aca-
demic Press, San Diego.

Mueller-Harvey, 1. (2006). Unravelling the conundrum
of tannins in animal nutrition and health. Jour-
nal of the Science of Food and Agriculture,
86(13), 2010-2037. https://doi.org/10.1002/
jsfa.2577

Mulat, A. (2006). Effects of supplementing different pro-
tein sources on feed intake and live weight gain
of local sheep fed on finger millet (eleusine
coracana) straw basal diet [MSc Thesis]. Ale-
maya University.

Naumann, H., Tedeschi, L., Zeller, W., & Huntley, N.
(2017). The role of condensed tannins in ru-
minant animal production: Advances, limita-
tions and future directions. Revista Brasileira
de Zootecnia, 46(12), 929-949.

Njidda, A. (2010). Chemical composition, fibre frac-
tion and anti-nutritional substances of semi-
arid browse forages of north-eastern nigeria.
Nigerian Journal of Basic and Applied Science,
18(2), 181-188.

Norton, B. Nutritive value of tree legumes (R. Gut-
teridge & H. Shelton, Eds.). In: In Forage tree
legumes in tropical agriculture (R. Gutteridge
& H. Shelton, Eds.). Ed. by Gutteridge, R., &

“hitps://doi.org/10.57647/jrs-2026-1601.07

Shelton, H. CAB International, Oxon, 1994,

p- 389.
of Official Analytical Chemists), A. A. (2000). Offi-

cia method of analysis (15th). AOAC Interna-
tional, Washington DC.

Pandey, A., Nayak, S., Khare, A., Sharma, R,
Chourasiya, A., Reddy, B., & Daniel Risheen,
G. (2022). Perspectives in the use of tannins
in animal production and health: A review.
Journal of Livestock Science, 13, 112—119.

Porter, L., Hrstich, L., & Chan, B. (1986). The con-
version of procyanidins and prodelphinidins
to cyanidin and delphinidin. Phytochemistry,
25(1), 223-230. https://doi.org/10.1016/
S0031-9422(00)94533-3

Salem, A., Salem, M., El-Adawy, M., & Robinson, P.
(2006). Nutritive value of some browse foliage
during the dry season: Secondary compounds,
feed intake and in vivo digestibility in sheep
and goats. Animal Feed Science and Technol-
ogy, 127(3-4), 251-267. https://doi.org/10.
1016/j.anifeedsci.2005.09.005

Samuel, M., Azage, T., & Hegde, B. Labour availabil-
ity and use pattern in smallholder livestock
production system in yerer watershed of adaa
liben district. In: In Proceedings of the 16th an-
nual conference of the ethiopian society of ani-
mal production (esap). Addis Ababa, Ethiopia,
2008.

Schofield, P., Mbugua, D., & Pell, A. (2001). Analysis
of condensed tannins: A review. Animal Feed
Science and Technology, 91(1-2), 21-40. https:
//doi.org/10.1016/S0377-8401(01)00228-0

Security, F., (FSNWG), N. W. G., & sub-group (MAS),
M. A. (2010). Moyale cross-border market pro-
file report (tech. rep.).

Simret, B. (2005). Supplementation of graded levels of
peanut cake and wheat bran mixture on nutri-
ent utilization and carcass parameters of so-
mali goats [MSc Thesis]. Alemaya University.

Singh, G., & Oosting, S. (1992). A model for describing
the energy value of straws. Indian Dairyman,
44, 322-327.

Soldado, D., Bessa, R., & Jer6nimo, E. (2021). Con-
densed tannins as antioxidants in ruminants—
effectiveness and action mechanisms to im-
prove animal antioxidant status and oxidative
stability of products. Animals, 11, 3243. https:
//doi.org/10.3390/anil 1113243

Solomon, M., Peters, K., & Azage, T. (2004). Effect
of supplementation with foliage of selected
multipurpose trees, their mixture, or wheat
bran on feed intake, plasma enzyme activities,
live weight and scrotal circumference gained
in menz sheep. Livestock Production Science,
89(2-3), 253-264. https://doi.org/10.1016/].
livprodsci.2004.01.003


https://doi.org/https://idosi.org/aejsr/11(3)16/9.pdf
https://doi.org/https://idosi.org/aejsr/11(3)16/9.pdf
http://dx.doi.org/10.1016/S0377-8401(03)00041-5
http://dx.doi.org/10.1016/S0377-8401(03)00041-5
https://doi.org/10.2527/jas.2005-590
https://doi.org/10.2527/jas.2005-590
https://doi.org/10.3390/ani11082391
https://doi.org/10.3390/ani11082391
https://doi.org/10.1002/jsfa.2577
https://doi.org/10.1002/jsfa.2577
https://doi.org/10.1016/S0031-9422(00)94533-3
https://doi.org/10.1016/S0031-9422(00)94533-3
https://doi.org/10.1016/j.anifeedsci.2005.09.005
https://doi.org/10.1016/j.anifeedsci.2005.09.005
https://doi.org/10.1016/S0377-8401(01)00228-0
https://doi.org/10.1016/S0377-8401(01)00228-0
https://doi.org/10.3390/ani11113243
https://doi.org/10.3390/ani11113243
https://doi.org/10.1016/j.livprodsci.2004.01.003
https://doi.org/10.1016/j.livprodsci.2004.01.003
https://doi.org/10.57647/jrs-2026-1601.07

Hassan et al., J. Rangeland Sci. 16 (1) 2026

87

Tekele, F., & Getachew, A. (2011). Digestion intake
and live weight changes of horro lambs fed
vetch (lathyrus sativus) haulm basal diet sup-
plemented with sole wheat bran, acacia albida
leaf meal, or their mixture. Pakistan Journal of
Nutrition, 10(11), 1013-1021. https://scialert.
net/abstract/?doi=pjn.2011.1013.1021

Tesfaye, A., & Musimba, N. (2003). Study on the chem-
ical composition, intake and digestibility of
maize stover, tef straw and haricot bean haulms
in adami tulu district, ethiopia. Agriculture and
Natural Resources, 37(4), 401-407. https://
li01 . tci- thaijo.org/index . php/anres/article/
view/242884

Tofu, D., Fana, C., Dilbato, T., Dirbaba, N., &
Tesso, G. (2023). Pastoralists’ and agro-
pastoralists’ livelihood resilience to climate
change-induced risks in the borana zone,
south ethiopia: Using resilience index measure-
ment approach. Pastoralism, 13, 4. https ://
pastoralismjournal.springeropen.com/articles/
10.1186/513570-022-00263-3

Tolera, A., & Abebe, A. (2007). Livestock production
in pastoral and agro-pastoral production sys-
tems of southern ethiopia. Livestock Research
for Rural Development, 19(12), 4-7. https://
www.lIrrd.cipav.org.co/lrrd19/12/tole19177.
htm

Tong, Z., He, W., Fan, X., & Guo, A. (2022). Biological
function of plant tannin and its application in

“hitps://doi.org/10.57647/jrs-2026-1601.07

animal health. Frontiers in Veterinary Science,
8, Article 803657.

Turgut, L., & Yanar, M. (2004). In situ dry matter and
crude protein degradation kinetics of some for-
ages in eastern turkey. Small Ruminant Re-
search, 52(3), 217-222. https://doi.org/10.
1016/S0921-4488(03)00261-X

Van Soest, P. (1994). Nutritional ecology of the rumi-
nant (2nd). Cornell University Press.

Van Soest, P., Roberston, J., & Lewis, B. (1991). Meth-
ods for dietary fiber, neutral detergent fibre,
and non-starch polysaccharides in relation to
animal nutrition. Journal of Dairy Science,
74(10), 3583-3597. https://doi.org/10.3168/
jds.S0022-0302(91)78551-2

Welay, K., Nigatu, L., & Animut, G. (2018). Tra-
ditional utilization and chemical compo-
sition of major browse species in range
lands of mieso, ethiopia. Open Journal
of Agricultural Research, 3(9), 000197.
https : / / medwinpublishers . com / OAJAR /
OAJAR16000197.pdf

Zereu, G., & Lijalem, T. (2016). Status of improved
forage production, utilization and constraints
for adoption in wolaita zone, southern ethiopia.
Livestock Research for Rural Development, 28,
Article 78. http://www .lrrd . org/Irrd28/5/
zere28078.htm


https://scialert.net/abstract/?doi=pjn.2011.1013.1021
https://scialert.net/abstract/?doi=pjn.2011.1013.1021
https://li01.tci-thaijo.org/index.php/anres/article/view/242884
https://li01.tci-thaijo.org/index.php/anres/article/view/242884
https://li01.tci-thaijo.org/index.php/anres/article/view/242884
https://pastoralismjournal.springeropen.com/articles/10.1186/s13570-022-00263-3
https://pastoralismjournal.springeropen.com/articles/10.1186/s13570-022-00263-3
https://pastoralismjournal.springeropen.com/articles/10.1186/s13570-022-00263-3
https://www.lrrd.cipav.org.co/lrrd19/12/tole19177.htm
https://www.lrrd.cipav.org.co/lrrd19/12/tole19177.htm
https://www.lrrd.cipav.org.co/lrrd19/12/tole19177.htm
https://doi.org/10.1016/S0921-4488(03)00261-X
https://doi.org/10.1016/S0921-4488(03)00261-X
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://medwinpublishers.com/OAJAR/OAJAR16000197.pdf
https://medwinpublishers.com/OAJAR/OAJAR16000197.pdf
http://www.lrrd.org/lrrd28/5/zere28078.htm
http://www.lrrd.org/lrrd28/5/zere28078.htm
https://doi.org/10.57647/jrs-2026-1601.07

	Introduction
	Materials and methods
	Description of the study area
	Sample collection and preparation
	Chemical analysis of feed samples
	CT determination of feed samples
	Statistical analysis

	Results
	Chemical composition and CT content of browse and grass forage species
	Chemical composition and CT content of crop residues and legume forages

	Discussion
	Chemical composition and CT content of browse and grass forage species
	Chemical composition of crop residues, wheat bran and herbaceous legume 

	Conclusions

